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Abstract:
Introduction: This retrospective cohort study aimed to examine the nutritional time course and elucidate the critical pe-

riod of undernutrition following acute traumatic cervical spinal cord injury (CSCI).

Methods: The study was performed at a single facility that treated spinal cord injuries. We examined individuals with

acute traumatic CSCI admitted to our hospital within 3 days of injury. Both prognostic nutritional index (PNI) and control-

ling nutritional status (CONUT) scores, which objectively reflect nutritional and immunological conditions, were assessed at

admission and 1, 2, and 3 months after the injury. The American Spinal Injury Association impairment scale (AIS) categori-

zations and severity of dysphagia were evaluated at these time points.

Results: A total of 106 patients with CSCI were evaluated consecutively for 3 months after injury. Individuals with AIS

categorizations of A, B, or C at 3 days after injury were significantly more undernourished than those with an AIS categori-

zation of D at 3 months after injury, indicating that individuals with mild paresis better maintained their nutritional condi-

tion after injury. Nutritional conditions, as assessed by both PNI and CONUT scores, improved significantly between 1 and

2 months after injury, whereas no significant differences were found between admission and 1 month after injury. Nutri-

tional status and dysphagia were significantly correlated at each time point (p<0.001), indicating that swallowing dysfunc-

tion is an important factor associated with malnutrition.

Conclusions: Nutritional conditions showed significant gradual improvements from 1 month after the injury. We must

pay attention to undernutrition, which is associated with dysphagia, especially in individuals with severe paralysis during

the acute phase following injury.
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Introduction

Traumatic spinal cord injury (SCI) is a global health

problem associated with high disability and mortality rates

and carries a heavy social and economic burden1). Cervical

spinal cord injury (CSCI), particularly, not only is related to

tetraplegia but also leads to many secondary adverse events

such as malnutrition2), dysphagia3), pneumonia4), and urinary

tract infections.

Malnutrition is a major concern following SCI, and indi-

viduals with SCI are at risk of undernutrition and weight

loss5). A recent study reported that the prevalence of under-

nutrition in those sustaining SCI was in the range of 40%-

50%2). Since immunonutritional status after CSCI is related

to infections and the prognosis in individuals with CSCI6), it

is very important to assess the immunonutritional status

from the acute to the chronic phase.

We previously reported that pneumonia in persons with
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CSCI frequently occurs within 1 month after injury4). The

immunonutritional condition worsens and leads to vulner-

ability during this period. To the best of our knowledge, no

previous study has reported the clinical time course of SCIs

regarding nutritional status, and the period when nutritional

improvement is clinically important is not well understood.

We hypothesized that nutritional conditions might deteriorate

temporally during the acute phase following injury. This

study aimed to elucidate the serial changes and nutritional

status in individuals with CSCI after injury.

Material and Methods

Participants

Between January 2016 and February 2021, 170 individu-

als with acute traumatic CSCI presenting with neurological

deficits were admitted to a single facility that treated spinal

cord injuries within 3 days of sustaining the injury. Indi-

viduals were followed consecutively for at least 3 months.

Following our therapeutic protocol, we regularly examined

the neurological status and swallowing function and col-

lected blood samples for each individual after admission.

Additionally, we retrospectively reviewed the collected data.

The exclusion criteria were as follows: switching hospitals

within 3 months of the injury due to the deterioration of the

general condition or request to transfer to a hospital close to

their homes, difficulty communicating due to dementia or

mental disease, and discharge to their homes at less than 3

months after hospital admission due to recovery of neuro-

logical status.

The Institutional Review Board at our institution approved

this study, and all participants provided written informed

consent before participating in the study.

Evaluation

The nutritional condition was assessed using both prog-

nostic nutritional index (PNI)7,8) and controlling nutritional

status (CONUT) scores8,9), which objectively reflect nutri-

tional and immunological risks using findings from blood

tests10). The PNI was calculated using the following formula:

PNI=10×albumin g/dL+0.005×total lymphocyte count/mm3.

The CONUT score was calculated from the sum of the cate-

gorized score of the total lymphocyte count, serum albumin

level, and cholesterol level. Peripheral blood was collected

from each individual with CSCI at admission, which was

within 3 days of the injury in this series and 1, 2, and 3

months after the injury.

Neurological evaluation for CSCI was performed accord-

ing to international standards for neurological classification

of spinal cord injuries 3 days after the injury11). The Ameri-

can Spinal Injury Association (ASIA) Impairment Scale

(AIS) was used to evaluate the severity of paralysis. Neuro-

logical data were evaluated by a trained therapist and man-

aged by ASIA members who had completed the Interna-

tional Standards Training E Program.

Swallowing dysfunction was classified using the

dysphagia severity scale (DSS)12) and the functional oral in-

take scale (FOIS)13). The DSS evaluates aspiration or

dysphagia using the following scoring system: 1, saliva aspi-

ration; 2, food aspiration; 3, water aspiration; 4, occasional

aspiration; 5, oral problems; 6, minimum problems; and 7,

within normal limits. The FOIS evaluates the functional in-

take of food or liquid using the following scores: 1, nothing

by mouth; 2, tube-dependent nutrition with minimal at-

tempts at food or liquid intake; 3, tube-dependent nutrition

with consistent oral intake of food or liquid; 4, total oral

diet of a single consistency; 5, total oral diet with multiple

consistencies but requiring special preparation or compensa-

tions; 6, total oral diet with multiple consistencies, without

special preparation but with specific food limitations; and 7,

total oral diet with no restrictions. We also examined indi-

viduals experiencing aspiration using fiberoptic endoscopic

evaluation of swallowing or videofluoroscopy for a detailed

classification of DSS and FOIS; these evaluations were con-

ducted by TH (1st author) and YF (2nd author). DSS and

FOIS were evaluated 1, 2, and 3 months after the injury.

Statistical analysis

Differences in PNI and CONUT scores 3 months after the

injury were assessed using Mann-Whitney U tests according

to AIS categorizations 3 days after the injury. Differences in

PNI and CONUT scores between each time point were as-

sessed using Wilcoxon signed-rank tests. Correcting for

Bonferroni inequality, a p-value of less than 0.0125 (0.05/4)

was considered statistically significant in these analyses.

Correlations between nutritional status and dysphagia were

assessed using Spearman’s rank correlation coefficients. Sta-

tistical analyses were performed using the JMP 13 software

(SAS Institute Inc., Cary, NC, USA).

Results

A total of 170 individuals with traumatic CSCI were ad-

mitted to the spinal injury center within 3 days of sustaining

a spinal cord injury during the study period. Of these, 27 in-

dividuals who were discharged within 3 months of the in-

jury due to mild paresis were excluded. Additionally, 27 in-

dividuals who switched to a different hospital due to dete-

rioration of their general condition, 6 who requested a hos-

pital close to their homes, and 4 who had difficulty commu-

nicating (3 with dementia and 1 with Down syndrome) were

excluded. Finally, 106 individuals with CSCI met the inclu-

sion criteria and were followed up for at least 3 months af-

ter sustaining trauma (Fig. 1). Table 1 summarizes the medi-

cal and demographic characteristics of the enrolled individu-

als.

The nutritional condition, assessed using both PNI and

CONUT scores 3 months after the injury, was compared

among individuals within each AIS categorization 3 days af-

ter the injury (Fig. 2A, 2B). Individuals with AIS categori-

zations of A, B, and C were significantly more undernour-
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Figure　1.　Flow chart of the study CSCI: cervical spinal cord injury. 

Table　1.　Summary of Demographic Data of 

106 Individuals at Admission.

Age (years) 66 (58–74)

Sex (female/male) 18/88

PNI 40.9 (37.5–44.3)

CONUT score 3 (1.5–4.5)

ASIA impairment scale (%)

A 27 (25)

B 17 (16)

C 40 (38)

D 22 (21)

Surgical treatment (%)

A 17 (63)

B 10 (59)

C 10 (25)

D  9 (41)

Values are given as the number of patients (%) or medi-

an (interquartile range)

Abbreviations: PNI, prognostic nutritional index; CO-

NUT, controlling nutritional status; ASIA, American 

Spinal Injury Association

Sixteen patients with pneumonia within 3 months after 

injury were included in this series.

ished than those with an AIS categorization of D (p<0.01),

indicating that individuals with mild paresis better main-

tained their nutritional condition after injury.

Fig. 3A, 3B show the time course of the nutritional con-

dition based on PNI and CONUT scores. Fig. 3C, 3D show

the time course of the nutritional condition for each AIS

categorization. As assessed by both scales, the nutritional

conditions improved significantly between 1 and 2 months

after the injury. By contrast, no statistically significant dif-

ferences were found between admission and 1 month after

the injury. Additionally, only the CONUT score significantly

improved between 2 and 3 months after the injury.

Table 2 shows the correlations between nutritional status

and dysphagia at each time point. Statistically significant

correlations were observed at each time point, indicating

that swallowing dysfunction is an important factor associ-

ated with malnutrition. Additionally, all correlation coeffi-

cients for the PNI were greater than those for the CONUT

score at each time point, indicating that the PNI was more

strongly correlated with dysphagia than the CONUT score.

Discussion

To the best of our knowledge, the time course of patients’

nutritional condition after SCI has not been reported previ-

ously, although some studies have reported nutritional find-

ings for different forms of trauma14). For example, in a study

evaluating patients hospitalized in the intensive care unit

with a traumatic head injury, nutritional parameters signifi-

cantly reduced from hospital admission to hospitalization

days 7 and 1314). Our study demonstrated that nutritional

status deteriorated until 1 month after injury; however, it

gradually improved until 3 months after injury. As the CO-

NUT score includes cholesterol level in the formula, signifi-

cant improvement of the CONUT score between 2 and 3

months after the injury would be reflected by the improve-

ment of the lipid metabolism.

Many studies have reported the issue of metabolic syn-

drome and being overweight in individuals with chronic

SCI2). By contrast, few studies15) have reported the relation-

ship between paralysis and undernutrition in acute SCI. Our

study demonstrated that severe paralysis 3 days after injury

resulted in undernutrition 3 months after injury. As severe

paralysis has been reported to be a significant factor for

dysphagia16,17), severe dysphagia is likely to result in a poor

nutritional condition, as shown in Table 2.

In this study, the nutritional condition of individuals with

CSCI was significantly correlated with dysphagia. Swallow-

ing dysfunction due to CSCI decreases the amount of nutri-

tional intake and can cause aspiration pneumonia4), which

exhausts physical energy. In these ways, dysphagia can

cause malnutrition. In traumatic brain injury, most patients
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Figure 2. Prognostic nutritional index (A) and CONUT (B) score 3 months after injury in each AIS categorization at 

admission. The nutritional conditions 3 months after injury in individuals with an AIS categorization of D were significant-

ly better than that in individuals with AIS categorizations of A, B, and C.

AIS: American Spinal Injury Association impairment scale; CONUT: controlling nutritional status 

Figure　3.　Time course of the nutritional condition. The nutritional condition, evaluated using PNI and CONUT scores (A, 

B), improved significantly from 1 month after the injury. PNI and CONUT scores within each AIS categorization (C, D) also 

gradually improved 3 months after the injury.

AIS: American Spinal Injury Association impairment scale; CONUT: controlling nutritional status; PNI, prognostic nutritional 

index
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Table　2.　Correlation Coefficients between Nutritional 

Condition and Dysphagia.

1 month 2 months 3 months

PNI/CONUT PNI/CONUT PNI/CONUT

DSS 0.40/−0.36 0.38/−0.35 0.45/−0.37

FOIS 0.61/−0.55 0.62/−0.53 0.57/−0.48

All the values were significantly correlated (P<0.001) using Spear-

man’s rank correlation coefficient

Abbreviations: PNI, prognostic nutritional index; CONUT, con-

trolling nutritional status; DSS, dysphagia severity scale; FOIS, 

functional oral intake scale

develop moderate dysphagia immediately after the removal

of the nasogastric tube. However, thereafter, the percentage

of persons recovering from dysphagia increases, and the se-

rum albumin levels of patients with dysphagia significantly

improve18). Therefore, proper dietary patterns should be con-

sidered depending on the degree of dysphagia in individuals

with CSCI to avoid undernutrition in the acute phase.

This study has a limitation. We followed only individuals

with acute CSCI. Although obesity and overweight are

metabolic concerns in individuals with chronic CSCI2), our

study demonstrated undernutrition in the acute phase. There-

fore, future studies must investigate nutritional changes from

the acute to the chronic phase.

In clinical practice, medical care providers should pay at-

tention to undernutrition due to dysphagia to prevent pneu-

monia4) or other infections following CSCI. This is because

individuals with CSCI are vulnerable to malnutrition and

immunological risks. Additionally, as the activities of daily

living may improve because of a good nutritional condi-

tion6), frequent nutritional controls may play an important

role in enhancing the potential for recovery after the injury.

In conclusion, the nutritional condition showed significant

gradual improvements from 1 month after the injury. The

nutritional condition at 3 months after injury in individuals

with mild paresis was significantly better than in those with

severe paresis. However, undernutrition was significantly

correlated with severe dysphagia. Therefore, attention should

be paid to undernutrition, which is associated with

dysphagia, especially in individuals with severe paralysis in

the acute phase following injury.
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