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Abstract
Introduction: Orexin regulates food intake, as well as the development and progression of neoplasms. 
Aim: The aim of this study was to determine associations between nutritional risk and status and neoplasm stage and 

prognosis in patients who underwent surgery for colorectal cancer (CRC). 
Material and methods: In 84 consecutive patients undergoing surgery for CRC, serum orexin, nutritional risk and body com-

position (assessed by bioelectrical impedance analysis and cross-sectional area determined using abdominal CT) were evaluated 
before the operation and 3 months after the surgery. The long-term follow-up lasted 1296.0 ±617.7 days. 

Results: Compared to CRC patients with a serum orexin concentration lower than the cutoff value (197.9 pg/ml) determined 
in ROC curve analysis in prediction of all-cause mortality during long-term follow-up, those with orexin concentrations equal to 
or higher than the cutoff value were, at baseline and at the 3-month visit, more likely to have a lower score on the nutritional 
NRS2002 and a higher score on functional scales, greater handgrip strength, and higher skeletal muscle mass, and were less 
likely to suffer perioperative complications and all-cause mortality (OR = 0.34; 95% CI: 0.13–0.89; p = 0.026) during the follow-up 
period. No statistically significant differences in tumor size, histopathological grade or clinical stage were found between CRC 
patient groups divided according to orexin blood concentration. 

Conclusions: Serum orexin concentrations were found to be statistically significantly associated with patients’ nutritional 
risk and status before surgery and at a 3-month follow-up visit, and with all-cause mortality during the 3.6-year follow-up.

Introduction 
The balance between energy and protein intake 

and energy expenditure, which ultimately determines 
a patient’s nutritional status, is regulated by many 
factors, one of which is the balance between orexigen-
ic (e.g., orexin and neuropeptide Y) and anorexigenic 

(e.g., leptin) peptides (mainly) in the central nervous 
system [1–3]. Recent data show that orexin, in addi-
tion to regulating appetite (food intake) and energy ho-
meostasis, may take part in a variety of physiological 
functions, through its activity in both the central and 
peripheral nervous systems [4, 5]. Through its activity 
in the central nervous system, orexin regulates sleep 

mailto:jb112233@cm.umk.pl


63Low blood orexin concentration as a predictor of increased nutritional risk and all-cause mortality after surgery for colorectal cancer

Gastroenterology Review 2025; 20 (1)

and wakefulness [4–6], stress reactions [7], addiction 
to cocaine, opioids, amphetamines, cannabis, alcohol 
and nicotine [4, 5, 8–10], reward seeking, motivation 
and memory; and, through its activity in the peripher-
al nervous system, regulates blood pressure, hormone 
secretions, reproduction, gut motility and lipolysis [4, 5, 
11]. By the pathomechanisms mentioned, low orexin-A/
hypocretin-1 and orexin-B/hypocretin-2 levels and the 
low expression of their receptors, OX1R and OX2R, par-
ticipate in the pathogenesis of type I narcolepsy, neuro- 
and chronic inflammation, neurodegenerative diseases 
and metabolic syndrome, as well as in the stimulation of 
pain, inflammation, and carcinogenesis [4, 5] and can-
cer-related angiogenesis, inter alia, through the stimu-
lation of vascular endothelial growth factor A (VEGF-A) 
[12–15]. Orexin-1 receptors were found in both diges-
tive (colorectal cancer [CRC], pancreatic ductal ade-
nocarcinoma, hepatocellular carcinoma [HCC], gastric 
cancer, esophageal cancer and cholangiocarcinoma) and 
non-digestive (prostate cancer, neuroblastoma, cortical 
adenomas, pheochromocytomas and endometrial carci-
noma) cancers [5]. Low orexin blood concentration has 
been associated with cancer resistance to chemother-
apy (especially to 5-fluorouracil and gemcitabine) [4, 5, 
12] and to anti-angiogenic therapy (e.g., bevacizumab 
in patients with CRC) [13–15], as well as being associ-
ated with a risk of acute kidney injury induced by cis-
platin in mice [16]. It was reported that orexin-knockout 
mice (i.e., with orexin deficiency) were susceptible to 
diet-induced obesity, liver steatosis, and progression to 
non-alcoholic steatohepatitis (NASH) and HCC [17]. In 
other studies, high orexin-A blood concentration or dai-
ly orexin administration: suppressed the expression of 
exosomal PD-L1 in CRC and promoted T-cell activity by 
inhibiting the JAK2/STAT3 signaling pathway (anti-can-
cerogenic activity) [18]; exerted an analgesic effect in 
a murine model of chemotherapy-induced peripheral 
neuropathy (CIPN) [7]; prevented NASH and HCC in 
orexin-knockout mice and obese human patients [4, 5, 
14, 17]; regulated glucose metabolism in HCC cells [19]; 
regulated cancer cell apoptosis [20]; induced autopha-
gy in HCT-116 human colon cancer cells through the 
extracellular signal‑regulated kinases (ERK) signaling 
pathways [20]; and promoted tumor apoptosis in vivo 
[4, 5, 21, 22]. Therefore, the orexin receptor OX(1)R has 
been recognized as a promising therapeutic target for 
CRC patients [23], as well as for multiple pathologies 
related to inflammation, including intestinal bowel dis-
ease, multiple sclerosis, septic shock and obesity [4, 5]. 
To date, only orexin receptor antagonists approved for 
insomnia treatment are available on the market (suv-
orexant, lemborexant, daridorexant and almorexant) 
[4–6]. 

Aim
Taking into account the orexin properties enumerat-

ed above, our study, which to the best of our knowledge 
is the first in humans, determined the blood orexin con-
centration in consecutive patients undergoing surgery 
for CRC, focusing on its relation to the patients’ nutri-
tional status, clinical cancer stage, treatment complica-
tions and prognosis. 

Material and methods
Patients
The study involved 84 consecutive inpatients with 

primary CRC who underwent elective surgery between 
2016 and 2019 at our University Hospital. The exclusion 
criteria were lack of informed consent to participate in 
the study and the need for emergency surgery (e.g., due 
to bowel obstruction or hemorrhage). 

During their first day of admission, a medical history 
was obtained from each of the patients enrolled in the 
study, and a physical examination was performed that 
included an assessment of anthropometric parameters 
of nutritional status and body composition (described 
in the subsection below). Data concerning tumor size, 
clinical and histopathological stages, and periopera-
tive complications were also collected. After being dis-
charged, the patients were invited to attend a follow-up 
visit 3 months after their operation. All the examina-
tions performed during the baseline visit were repeated 
during the follow-up visit. In the long-term follow-up 
(median: 1322.0; IQR: 930.6–1788.5 days; mean: 3.6 
years), the patients’ survival status was checked during 
a telephone visit. 

�Parameters of nutritional status and 
body composition assessment
The following parameters of nutritional and anthro-

pometric status assessment were measured at base-
line and at the 3-month follow-up visit: Nutritional Risk 
Screening (NRS)-2002 (a score of 3 or more points in 
the questionnaire indicating a risk of malnutrition-re-
lated complications); Patient-Generated Subjective 
Global Assessment (PG-SGA) (a score of 5 or more 
points in the questionnaire indicating a risk of malnu-
trition-related complications); Mini Nutritional Assess-
ment (MNA) (a score in the range 17–23.5 in the ques-
tionnaire indicating a risk of malnutrition, and a score  
< 17 indicating malnutrition); body weight (kg); height 
(cm); body mass index (BMI) (kg/m2) (measured as the 
ratio of body weight to the square of height (m)); waist 
circumference (WC) (cm); waist-to-height ratio (WHtR) 
(measured as the ratio of WC (cm) to height (cm)); mid-
arm circumference (MAC) (cm); calf circumference (cm); 
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triceps skinfold thickness (TSF) (mm) and subscapular 
skinfold thickness (SST) (mm) (measured using the 
Harpenden MG-4800 manual skinfold caliper; BATY, 
UK); and the handgrip strength (HGS) (kg) of the dom-
inant hand (measured using an electronic dynamome-
ter; Kern, Germany). Normal cutoff values for HGS were 
established as 20 kg for females and 30 kg for males. 
Body composition was determined using whole-body 
bioelectrical impedance analysis (BIA) with a TANITA BC 
420 MA device (TANITA Corporation, Japan). The follow-
ing BIA parameters were analyzed: fat mass (FM) (ex-
pressed as a percentage of total body weight [FM%] and 
as absolute mass in kg [FM, kg]); visceral adipose tissue 
(VAT) score (range: 1–59, a level > 12 showing abdomi-
nal adiposity); fat-free mass (FFM) (kg); skeletal muscle 
mass (SMM) (expressed as a percentage of total body 
mass [SMM%] and as absolute mass in kg [SMM, kg]); 
basal metabolic rate (BMR) (kcal); and metabolic age 
(MA) (years). Moreover, because abdominal computed 
tomography (CT) was performed in every CRC patient 
before surgery (range of slice thickness: 1–5 mm), the 
regional densitometric quantification of skeletal mus-
cle (SM) (attenuation limit –30 to 150 Hounsfield units 
[HU]), VAT (attenuation limit –150 to –50 HU) and sub-
cutaneous adipose tissue (SAT), and their cross-section-
al areas at the third lumbar (L3) vertebra were manually 
selected using OsiriX software (Pixmeo SARL, Bernex, 
Switzerland) as specific regions of interest (ROI) [24] 
and parameters of body composition. 

Functional status, using, for example, the Barthel 
index, activities of daily living (ADL) and Instrumental 
Activities of Daily Living (IADL) indices, was also com-
pleted.

Biochemical determinations
Blood samples were taken from the ulnar vein of 

each patient between 7 am and 8 am on the day of 
admission while they were in a fasting state. For all 
patients in the study, the following biochemical deter-
minations were performed in the hospital’s diagnostic 
laboratory using standard methods: blood morphology 
with a detailed determination of white blood cell distri-
bution (total lymphocyte count [TLC] and neutrophils), 
glucose, albumin, C-reactive protein (CRP), and carci-
noembryonic antigen (CEA). The Preoperative Onodera’s 
Prognostic Nutritional Index (OPNI) was also calculated 
according to the following formula: [10 × blood albumin 
concentration (g/l)] + [0.005 × TLC (G/l)] [25].

Serum orexin concentration was assessed using 
an immunoenzymatic ELISA kit from Cloud-Clone Corp. 
(cat. no. CEA607Hu), in accordance with the manufac-
turer’s instructions. Serum samples were centrifuged at 
a temperature of 4°C with a spin speed of 3500 revolu-

tions per minute. The serum sample was then stored at 
a temperature of –80°C until determination. 

Measured outcomes 
At the beginning of the study, the following were 

measured: blood orexin concentration, initial (preoper-
ative) values of nutritional status assessment and body 
composition parameters (BIA, CT), scores in patient’s 
functional status questionnaires, length of in-hospital 
stay (LOS), occurrence of perioperative complications, 
cancer localization (rectum, colon) and stage (WHO 
clinical stages, I-IV). At the 3-month follow-up visit, as 
at baseline, nutritional and functional status question-
naires were completed, and anthropometric parameters 
of nutritional status and BIA parameters of body com-
position obtained. In the long-term follow-up, patients’ 
survival was checked by a telephone visit in May, 2022, 
with a median follow-up period of 1322.0 (IQR: 930.6–
1788.5) days (mean: 3.6 years). 

Statistical analysis
Statistical analysis was conducted using the licensed 

version of the statistical software Statistica, version 
13.3, developed by Tibco Software, Inc. (2017). The 
normal distribution of the study variables was checked 
using the Kolmogorov-Smirnov test. Depending on the 
type of variable distribution, the results were presented 
as: the median; the interquartile range (IQR); the mean 
± standard deviation; or n, %; and the statistical signifi-
cance of differences between groups was verified using 
the Mann-Whitney U non-parametric test, Student’s 
t-test, or c2 test. The statistical significance level was 
set at a p-value < 0.05. A Kaplan-Meier curve was deter-
mined in the survival analysis. We also used a ROC curve 
with the lowest Youden’s index and the area under the 
curve (AUC) with 95% confidence interval (CI) to deter-
mine the cutoff values of the blood orexin concentration 
in prediction of outcomes measured. Spearman correla-
tion between studied parameters was determined. 

Results
During 1296 ±617.7 days of follow-up (on average 

3.7 years) of 84 CRC patients studied, 27 (32.1%) died. 
In ROC curve analysis we found the blood orexin con-
centration cutoff of 197.9 pg/ml, which was predic-
tive for all-cause mortality during long-term follow-up 
(AUC = 0.626; 95% CI: 0.498–0.755; p = 0.049), and 
increased nutritional risk (defined as NRS2002 ≥ 3) 
at the 3-month visit after colorectal cancer surgery  
(AUC = 0.746; 95% CI: 0.611–0.882; p < 0.001). Based 
on this cutoff, we compared parameters obtained be-
tween CRC patient groups with lower and equal to or 
higher blood orexin concentration. 
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�Orexin and baseline parameters of 
patients’ nutritional status assessment
Compared to CRC patients with a serum orexin 

concentration lower than the established cutoff (197.9 
pg/ml), those with orexin concentrations equal to or 
higher than the cutoff value predictive for long-term 
all-cause mortality were, at baseline, more likely to 
have a higher baseline blood orexin concentration, 
higher score on MNA, Geriatric Nutritional Risk Index 
(GNRI), Nutritional Risk Index (NRI), OPNI, Barthel, IADL 
scales, greater HGS, and were more likely to have HGS 
above the established cutoff suggesting sarcopenia, 
higher blood albumin concentration, to have a high-
er mid-arm circumference, mid-arm muscle area, and 
higher fat-free mass in BIA (Table I). Moreover, com-
pared to CRC patients with a serum orexin concen-
tration lower than the established cutoff value, those 
with a serum orexin concentration equal to or higher 
than 197.9 pg/ml had significantly lower NRS2002 and 
PG-SGA scores, percentage of preoperative weight loss, 
CRP, and CRP to albumin ratio (Table I). When we per-
formed the same comparisons, i.e. between subgroups 
with blood orexin concentration lower and equal to or 
higher than 197.9 pg/ml (the cutoff value obtained in 
ROC analysis), separately for patients with rectal and 
colon cancer, we obtained similar results, i.e. in both 
patient subgroups those with higher blood orexin con-
centration had more favorable values of parameters of 
nutritional and functional status assessment (data not 
presented in detail). 

Moreover, in ROC analysis performed for the whole 
study group, we determined the predictive value of 
baseline blood orexin concentration for: normal SM 
percentage in BIA analysis at baseline with an orexin 
cutoff of 464.7 pg/ml (AUC = 0.350; 95% CI: 0.218–
0.480; p = 0.025), history of body weight loss > 5% 
of usual body mass at baseline with an orexin cutoff 
of 464.70 pg/ml (AUC = 0.134; 95% CI: 0.022–0.246), 
achievement of HGS above gender-specific cutoffs 
suggesting sarcopenia at baseline with a blood orex-
in concentration cutoff of 579.4 pg/ml (AUC = 0.219; 
95% CI: 0.110–0.329; p < 0.001), and postoperative 
complications occurrence with a blood orexin concen-
tration cutoff of 217.4 pg/ml (AUC = 0.754; 95% CI: 
0.636–0.873; p < 0.001).

In the whole study group, initial blood orexin con-
centration corelated statistically significant with the 
following parameters obtained at the study begin-
ning: HGS (R = 0.44; p < 0.001), IADL score (R = 0.40; 
p < 0.01), blood albumin concentration (R = 0.25; p = 
0.023), SM mass in BIA (R = 0.33; p = 0.002); SM cross 
sectional area (CSA) at L3 by CT (R = 0.27; p = 0.016). 
The correlation between blood orexin concentration 

and SM CSA was statistically significant in patients 
with rectal cancer (R = 0.40; p = 0.023), but among pa-
tients with colon cancer such a relationship was not 
confirmed. 

 
�Orexin and parameters of CRC stage and 
surgery outcomes
No statistically significant differences in tumor size, 

clinical stage, metastases to lymph glands, stage ac-
cording to the Astler-Coller classification, WHO stage, 
or histopathological malignance grade were found be-
tween CRC patient groups divided according to orexin 
blood concentration (Table II). Such associations were 
also not found in ROC and regression analyses. 

Compared to CRC patients with a serum orexin 
concentration lower than the established cutoff val-
ue predictive for all-cause mortality during 3.6-year 
follow-up, those with a serum orexin concentration 
equal to or higher than the assumed cutoff had a low-
er proportion of all-cause mortality and whole periop-
erative complications (Table II). Patients with a higher 
blood orexin concentration required a lower number 
of units of blood transfused in the perioperative pe-
riod. 

�Orexin and parameters of patients’ 
nutritional status assessment at 
a 3-month visit
At the 3-month follow-up visit, compared to CRC 

patients with a serum orexin concentration lower 
than the cutoff value predictive for all-cause mortal-
ity during follow-up, those with a serum orexin con-
centration equal to or higher than 197.9 pg/ml had 
significantly higher Barthel and IADL scores, HGS, mid-
arm and calf circumference, visceral adiposity score 
and SMM in BIA, a significantly lower NRS2002 score 
and a lower percentage of patients with malnutrition 
risk, defined as NRS2002 ≥ 3 (Table III). The associa-
tions between blood orexin concentration at the be-
ginning of the study and nutritional risk (defined as 
NRS2002 score ≥ 3) and lack of achievement of nor-
mal HGS at the 3-month visit were also confirmed in 
ROC analysis with cutoffs of 197.9 pg/ml (AUC = 0.746; 
95% CI: 0.611–0.882; p < 0.001) and 202.90 pg/ml  
(AUC = 0.682; 95% CI: 0.547–0.817), respectively. 
Blood orexin concentration at the start of the study 
corelated with mid-arm circumference (R = 0.31; p = 
0.011) and SM mass in BIA (R = 0.43; p < 0.001) at the 
3-month visit. In patients with rectal cancer the rela-
tionship between baseline blood orexin concentration 
and SM mass in BIA at the 3-month visit was stronger  
(R = 0.63; p < 0.001), but in patients with colon cancer 
it was not statistically significant. 
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Table I. Baseline clinical characteristics of patients with blood orexin concentration higher than or equal to, and 
lower than, the cutoff value obtained in ROC analysis (197.9 pg/ml), predictive for long-term mortality

Parameter Orexin
≥ 197.9 pg/ml

(n = 52)

Orexin
< 197.9 pg/ml

(n = 32)

P-value

Blood orexin concentration [pg/ml] 427.6 ±846.8 108.2 ±54.7 0.037

Age [years] 66.0 ±10.6 69.6 ±13.0 0.168

Male gender, n (%) 35 (67.3) 15 (46.9) 0.065

NRS-2002 (score) 2.8 ±0.8 3.2 ±1.1 0.049

NRS-2002 score ≥ 3, n (%) 28 (53.9) 22 (68.75) 0.277

MNA [score] 26.2 ±2.5 23.9 ±3.3 0.001

PG-SGA [score] 4.2 ±2.6 6.8 ±5.9 0.007

GNRI [score] 106.0 ±6.1 102.1 ±9.0 0.020

NRI [score] 104.8 ±8.2 100.6 ±9.2 0.048

OPNI [score] 42.4 ±4.0 40.2 ±5.7 0.049

Barthel scale [score] 99.9 ±0.7 96.6 ±6.0 < 0.001

ADL [score] 6.0 ±0.1 5.9 ±0.25 0.305

IADL [score] 23.6 ±1.4 22.6 ±2.14 0.011

Percentage of preoperative weight loss [%] –2.3 (–6.2– 0.0) – 5.2 (–12.7 – –0.1) 0.017

HGS of dominant hand [kg] 34.9 ±11.5 26.3 ±12.5 0.002

Normal value of HGS, n (%) 45 (85.5) 15 (46.9) < 0.001

Waist-to-hip ratio 1.2 ±0.3 1.0 ±0.1 0.443

Waist-to-height ratio 0.6 ±0.1 0.6 ±0.1 0.431

Mid-arm circumference [cm] 28.9 ±3.4 28.3 ±3.6 0.466

Mid-arm muscle area [cm2] 24.1 ±3.0 22.6 ±2.9 0.045

Calf circumference [cm] 37.3 ±3.7 36.4 ±5.6 0.311

Fat mass [kg] 22.9 ±9.5 24.0 ±12.3 0.647

Percentage of fat mass in whole body mass [%] 28.4 ±7.9 30.7 ±11.0 0.267

Visceral adiposity [score] 12.3 ±4.3 12.6 ±5.8 0.790

Fat-free mass [kg] 53.4 ±9.7 48.3 ±9.6 0.023

Skeletal muscle mass [kg] 30.8 ±7.3 28.7 ±6.3 0.218

Albumin [g/l] 4.3 ±0.4 4.0 ±0.5 0.028

CRP [mg/dl] 5.4 ±8.5 13.1 ±17.3 0.011

CRP/albumin 1.3 ±2.0 3.4 ±4.5 0.008

Hemoglobin [g/l] 12.9 ±2.0 12.4 ±2.0 0.261

Lymphocytes [G/l] 1.9 ±0.7 2.1 ±1.6 0.425

Total cholesterol [mg/dl] 180.6 ±46.8 169.5 ±43.3 0.283

Creatinine [mg/dl] 0.9 ±0.2 0.9 ±0.2 0.799

Skeletal muscle mass area in CT scan at L3 [cm2] 104.0 ±33.7 93.6 ±30.2 0.106

Subcutaneous fat area in CT scan at L3 [cm2] 178.4 ±80.8 172.3 ±80.9 0.741

Visceral fat area in CT scan at L3 [cm2] 174.4 ±84.2 154.7 ±82.1 0.303

ADL – activities of daily living, CRP – C-reactive protein, CT – computed tomography, GNRI – Geriatric Nutritional Risk Index, IADL – Instrumental Activities of 
Daily Living, HGS – handgrip strength, L3 – third lumbar vertebra, MNA – Mini-Nutritional Assessment, NRI – Nutritional Risk Index, NRS-2002 – Nutritional 
Risk Screening questionnaire 2002, OPNI – Onodera’s Prognostic Nutritional Index, PG-SGA – Patient-Generated Subjective Global Assessment. Data 
presented as: mean ± standard deviation, median (IQR), or n, %.
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Table II. Prevalence of outcomes measured and parameters of colorectal tumor size and clinical stage in patients 
with blood orexin concentration higher than or equal to, and lower than, the cutoff value obtained in ROC 
analysis (197.9 pg/ml), predictive for long-term mortality

Parameter Orexin
≥ 197.9 pg/ml

(n = 52)

Orexin
< 197.9 pg/ml

(n = 32)

P-value

Length of in-hospital stay (LOS) [days] 8.8 ±5.2 9.3 ±4.9 0.698

All-cause death during follow-up, n (%) 12 (23.1) 15 (46.9) 0.023

Length of follow-up [days] 1341.8 ±497.5 1221.7 ±77.9 0.390

Carcinoembryonic antigen [ng/ml] 2.5 (1.5–4.7) 3.2 (1.7–5.1) 0.844

Tumor size [cm] 4.4 ±1.9 4.7 ±3.7 0.651

Localization (rectum/colon), n (%) 18 (34.6)
34 (65.4)

16 (50.0)
16 (50.0)

0.149

Histopathological grade (G1/G2/G3), n (%) 5 (9.6)
47 (90.4)

0 (0)

1 (3.1)
27 (84.4)
4 (12.5)

0.096

CRC clinical stage (I/ II/III/IV), n (%) 16 (30.8)
15 (28.9)
19 (36.5)
2 (3.9)

8 (25.0)
7 (21.9)

14 (43.7)
3 (9.4)

0.837

Astler-Coller classification (A/B/C/D), n (%) 3 (5.8)
26 (50.0)
19 (36.5)

4 (7.7)

2 (6.25)
14 (43.8)
13 (40.6)

3 (9.4)

0.676

Lymph gland metastases, n (%) 18 (34.6) 16 (50.0) 0.350

Number of transfused red blood cell concentrate units (n) 0 (0–0) 3.0 (2–4) < 0.001

Operation duration [h] 2.1 ±0.9 2.2 ±0.8 0.480

All perioperative complications, n (%) 6 (12.2) 12 (37.5) 0.007

Surgical perioperative complications, n (%) 10 (20.0) 11 (34.4) 0.145

Non-surgical perioperative complications, n (%) 4 (8.5) 6 (18.8) 0.184

Adjuvant chemotherapy, n (%) 25 (48.1) 17 (53.1) 0.928

Neoadjuvant radiotherapy, n (%) 18 (36.0) 8 (25.0) 0.302

Data presented as: mean ± standard deviation, median (IQR), or n, %.

�Orexin and outcomes measured after 
long-term follow-up through a telephone 
visit 
After, on average, 1296 ±617.7 days of follow-up, 

27 (34%) of the patients had died. Compared to CRC 
patients with a serum orexin concentration lower than 
197.9 pg/ml, those with a serum orexin concentration 
equal to or higher than the established cutoff were sig-
nificantly less likely to suffer all-cause mortality during 
the follow-up period (Table II). 

In logistic regression analysis, we also found that 
baseline serum orexin concentration was associated with 
a reduced risk of all-cause mortality (OR = 0.34; 95% CI: 
0.13–0.89; p = 0.026). This observation was also con-
firmed in survival analysis using a binary Kaplan-Meier 
curve (log rank test 3.54; p < 0.001) (Figure 1). 

Discussion
To the best of our knowledge, our study is the first 

worldwide to assess the role of orexin concentration 
in humans. We found that CRC patients undergoing 
surgery had different serum orexin concentrations, and 
that the level of this orexigenic peptide, a biomarker 
of energy homeostasis, was associated with patients’ 
nutritional status, both at baseline (Table I) and at 
a 3-month follow-up visit (Table III). Moreover, blood 
orexin concentration was associated with a risk of 
perioperative complications and all-cause death during, 
on average, 1296.0 ±617.7 days of follow-up (Tables I, II,  
Figure 1). 

Orexin, as a peptide determining, among other fac-
tors, a patient’s appetite and food intake, as well as 
the development and progression of inflammatory and 
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Table III. Parameters of nutritional status assessment 3 months after surgery for colorectal cancer in patients 
with blood orexin concentration higher than or equal to, and lower than, the cutoff value obtained in ROC 
analysis (197.9 pg/ml) predictive for long-term mortality

Parameter Orexin
≥ 197.9 pg/ml

(n = 52)

Orexin
< 197.9 pg/ml

(n = 32)

P-value

Dropout by the 3-month follow-up visit, n (%) 4 (7.7) 5 (15.6) 0.25

NRS-2002 [score] 2.0 ±1.1 2.8 ±1.0 0.004

NRS-2002 score ≥ 3, n (%) 6 (22.2) 17 (65.4) 0.002

PG-SGA scale [score] 4.4 ±4.1 6.1 ±7.0 0.211

ADL scale [score] 6.0 ±0.0 5.6 ±1.2 0.057

IADL scale [score] 23.8 ±0.5 21.0 ±4.1 < 0.001

Barthel scale [score] 99.0 ±4.8 91.5 ±19.7 0.023

HGS of dominant hand [kg] 32.6 ±10.0 25.4 ±13.2 0.015

Waist-to-hip ratio 1.0 ±0.1 1.0 ±0.1 0.544

Waist-to-height ratio 0.6 ±0.1 0.6 ±0.1 0.325

Mid-arm circumference [cm] 30.8 ±4.1 28.4 ±4.6 0.027

Calf circumference [cm] 40.8 ±6.3 36.4 ±4.5 0.003

Fat mass [kg] 22.0 ±8.6 21.3 ±11.4 0.787

Percentage of fat mass in whole body mass [%] 22.9 ±9.4 27.8 ±10.6 0.057

Visceral adiposity [score] 20.9 ±19.2 12.2 ±5.7 0.028

Fat-free mass [kg] 56.3 ±11.4 50.8 ±11.7 0.073

Skeletal muscle mass [kg] 34.4 ±6.9 28.8 ±6.4 0.002

ADL – activities of daily living, IADL – Instrumental Activities of Daily Living, HGS – handgrip strength, MNA – Mini-Nutritional Assessment,  
NRS-2002 – Nutritional Risk Screening questionnaire 2002, PG-SGA – Patient-Generated Subjective Global Assessment. 
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Figure 1. Kaplan-Meier plot for CRC patients’ 
survival in relation to serum orexin concentra-
tion 
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OR = 0.34; 95% CI: 0.13–0.89, p = 0.026
Log rank test = 3.54; p < 0.001

cancerous diseases, was investigated in humans only 
recently, and earlier work was done on animals [4, 5] 
or in vitro models [18]. Therefore, there are no stud-
ies available with which we could compare the results 

we obtained, both with regard to patients’ prognosis 
and to changes in patients’ nutritional status and risk 
(Tables I, III). Nevertheless, our study suggests that 
higher baseline blood orexin concentration is asso-
ciated with a higher percentage of patients surviving  
3.6 years after surgery for CRC (Table II, Figure 1), lower 
risk of all-cause and non-surgical perioperative com-
plications (Table II), as well as better nutritional and 
functional status, expressed by higher skeletal muscle 
mass, strength, and performance, both before surgery 
and at the 3-month visit (Tables I, III). The positive re-
lationships between blood orexin concentration and 
reduced risk of sarcopenia, frailty and/or cachexia [25] 
were also confirmed by Spearman correlations of blood 
orexin concentration with SM mass in BIA, SM CSA in 
CT, and scores in functional scales. Because the majority 
of studied patients were male, the use of BIA for body 
composition analysis seems to be reliable, especially as 
all examinations were performed at a similar time with 
similar conditions of patient hydration, the observed 
associations between orexin and body composition 
parameters concerned fat-free and SM mass, and the 
mentioned associations were also found in CSA analysis 
of SM by CT. A potential pathophysiological explanation 
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for these associations may be the following characteris-
tics of orexin: anti-inflammatory and anti-cancerogenic 
properties [18], improving or maintaining normal phys-
ical activity, nutritional status, appetite, food oral intake 
and energy homeostasis (cancer cachexia prevention) 
[4, 5, 21, 25], sleep regulation [6, 26–28], lower risk of 
narcotic bowel syndrome, and opioid withdrawal symp-
toms [4, 5, 8–11]. 

As stated above, in none of the available papers did 
we find data concerning the prognostic value of blood 
orexin concentration in CRC patients (reduced all-cause 
mortality risk by on average 66%), although hypocretin 
(orexin) neuropeptide precursor (HCRT) gene methyla-
tion was revealed as a biomarker of recurrence and prog-
nosis in patients with head and neck neoplasms [29], 
and, in patients with mild-to-moderate acute ischemic 
stroke, blood orexin concentration was positively asso-
ciated with patients’ prognoses [30]. In our study, the 
factors with the potential to explain the better progno-
sis and lower risk of perioperative complications among 
CRC patients with a higher blood orexin concentration 
might be their better quality of sleep [6, 26–28], main-
tenance of normal nutritional and functional status (Ta-
bles I and III) and of appetite and oral food intake [25], 
as well as a smaller inflammatory response (Table I).  
A previous study revealed that, as with orexin, clinical 
value may also be found in blood adipocytokine con-
centration (e.g., adipokine and TNF-a), which is related 
to cancer clinical state, probability of radical tumor ex-
cision, occurrence of non-surgical postoperative compli-
cations, and long-term survival [31]. 

In our study, we only found some associations 
between patients’ perioperative course and serum 
orexin concentration (Table II); however, none of the 
relationships concerned serum orexin concentration 
and CRC stage (Table II). In a study by Tsuneki et al. 
[17] on orexin-knockout mice, orexin deficiency was 
related to the progression of pre-cancerous conditions 
to neoplasm. Anti-cancerogenic properties of orexin 
investigated in animal studies were also reviewed by 
Couvineau et al. [4, 5], and supported by other authors 
cited in the introduction section, including works on 
orexin supplementation [12–15, 17–22, 32–36]. Orexin 
or orexin receptor agonist application might also po-
tentially help to improve or maintain patient nutritional 
and functional status and prevent sarcopenia, cachexia 
and frailty. 

As with the majority of studies, our analysis has 
some shortcomings that may reduce the strength of 
the conclusions obtained. The small number of pa-
tients included in our study should be considered the 
main limitation. The small sample size made it im-
possible to perform a separate analysis for patients 

with rectal and colon cancer. Nonetheless, the novelty 
of this study is unquestionably a strong point: to the 
best of our knowledge, in the first study worldwide 
to assess the role of orexin concentration in humans, 
we observed a favorable effect of higher serum orexin 
concentration on nutritional status parameters and 
prognosis in patients undergoing surgery for CRC in 
one center. 

Conclusions
Serum orexin concentrations were found to have 

statistically significant associations with patients’ nu-
tritional risk and status, concerning mainly skeletal 
muscle mass and strength, both before surgery and at 
a 3-month follow-up visit, as well as with all-cause mor-
tality during the 3.6-year follow-up. 
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