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Background: Malnutrition is a serious condition in critically ill patients. The aim of this study is 
to evaluate the relationships between the Onodera’s prognostic nutritional index (OPNI) and in-
testinal permeability and between OPNI and systemic inflammation in critically ill patients. 
Methods: This was a cross-sectional study conducted in the general intensive care unit (ICU) of a 
university-affiliated hospital. A total of 162 patients admitted between May 2018 and December 
2019, was included in the study. The OPNI was calculated at admission and categorized as ≤40 or 
>40. We assessed plasma endotoxin and zonulin concentrations as markers of intestinal permea-
bility as well as serum interleukin-6 (IL-6) and high-sensitivity C-reactive protein (hs-CRP) as 
markers of systemic inflammation upon admission under stringent conditions. The relationships 
between these markers and OPNI were assessed after adjusting for potential confounders through 
estimation of a binary logistic regression model. 
Results: Median (interquartile range) hs-CRP, IL-6 zonulin, and endotoxin were significantly 
greater in the low OPNI subgroup than in the high OPNI subgroup (all P<0.05). Multivariate anal-
yses showed significant association between serum IL-6 (odds ratio [OR], 0.88; 95% confidence 
interval [CI], 0.64–0.96), serum hs-CRP (OR, 0.77; 95% CI, 0.53–0.92), plasma endotoxin (OR, 
0.81; 95% CI, 0.72– 0.93), and plasma zonulin (OR, 0.83; 95% CI, 0.75–0.98) levels with OPNI in 
the overall population. 
Conclusions: Our results provide evidence that higher plasma endotoxin, zonulin, IL-6, and hs-
CRP levels are associated with progressively lower OPNI in mixed ICU populations, particularly in 
surgical ICU patients. 
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INTRODUCTION 

Malnutrition is a common unfavorable complication in critically ill patients [1]. According 

to previous studies, about two-thirds of patients admitted to intensive care units (ICUs) are 

malnourished [2]. Inadequate nutritional delivery can result in increased morbidity and mor-

tality in malnourished ICU patients [3,4]. 
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Delaying initiation of nutrition support can significantly 

increase inflammation and impair intestinal barrier function, 

which can lead to intestinal atrophy and bacterial translo-

cation [5]. Critically ill patients with pre-existing systemic 

inflammatory state experience severe catabolic stress [6]. An 

inflammatory response is induced following injury to main-

tain homeostasis [7]. Widespread inflammation in systemic 

inflammatory response syndrome is usually present in areas 

remote from the site of initial injury [7]. Bacterial translocation 

is commonly associated with septic complications [8]. It has 

been proposed that bacterial translocation and the presence of 

systemic inflammation are involved in the pathogenesis of sys-

temic infectious complications and multiple organ deficiency 

syndromes [8]. 

Nutrition assessment in critically ill patients is crucial for 

classifying nutritional status, identifying nutritional problems, 

and monitoring nutritional support adequacy [9]. Most im-

portantly, establishing early nutrition-related prognoses in pa-

tients is pivotal to oversee nutritional progress and distinguish 

patients at risk of complications and who would benefit from 

particular nutrition interventions [9,10]. An ideal nutrition 

index is calculated to accurately evaluate nutritional status in 

critically ill patients. In clinical practice, the Onodera’s prog-

nostic nutritional index (OPNI) is widely used as a simple and 

cost-effective index to evaluate patient nutritional status [11]. It 

was initially developed by Onodera et al. [11] to predict the risk 

of postoperative complications after gastrointestinal surgery. 

OPNI has been shown to predict prognosis in different types of 

cancer [12-15]. It is simple formula to assess total lymphocyte 

count and serum albumin [11], with lower OPNI scores associ-

ated with poorer outcomes [16,17]. As one of the simplest and 

most commonly used measures, it is a valuable nutritional 

index to evaluate the nutritional status of critically ill patients. 

There is much debate regarding whether associations exist 

between nutritional status and inflammation and nutritional 

status and intestinal permeability in critically ill patients. We 

hypothesized that critically ill patients with low OPNI have 

increased intestinal permeability and systemic inflamma-

tion, as well as worse clinical outcomes. However, our current 

knowledge for critically ill patients is rudimentary. Thus, the 

current study has two main objectives. The first is to assess 

the relationships between levels inflammatory and intestinal 

permeability factors at admission with OPNI score in critically 

ill patients. The second is to identify possible associations of 

clinical outcomes with OPNI. 

MATERIALS AND METHODS 

Study Design and Participants 
We conducted a cross-sectional study between May 1, 2018, 

and December 31, 2019, in the mixed ICU of a university-af-

filiated hospital. Inclusion criteria were age 18 and above and 

admitted to the ICU. Patients were excluded if they were dis-

charged within 24 hours of ICU admission or died and if they 

were transferred from other ICUs. A total of 162 patients was 

enrolled within 24 hours of ICU admission. All clinical and 

demographic data were collected from the first admission for 

those who were readmitted to the ICU. Reasons for hospital-

ization were classified as either medical or surgical. 

Baseline Characteristics and Clinical Measurements 
Baseline demographic information, laboratory data, and past 

medical history including detailed lists of laboratory values 

and comorbidities were collected by investigators blinded to 

clinical outcomes. Acute Physiology and Chronic Health Eval-

uation (APACHE) II and Sequential Organ Failure Assessment 

(SOFA) scores [18,19] were recorded within the first 24 hours 

of admission to ICU. Venous blood was collected in ethylene-

diaminetetraacetic acid-containing tubes from an antecubital 

vein during the morning of the first day of admission in the 

ICU. Plasma was separated by centrifugation at 3,000 rpm for 

10 minutes at 4°C within 30 minutes of collection. Then, both 

plasma and serum samples were snap-frozen and stored in 

small aliquots at – 80°C to prevent repeated freezing and thaw-

ing until measurement of laboratory data. A commercially 

available human interleukin-6 (IL-6) enzyme-linked immuno-

sorbent assay (ELISA) kit (Bender Medsystems, Burlingame, 

CA, USA) was used to measure serum IL-6. Plasma zonulin 

level was analyzed by ELISA (Immundiagnostik, Bensheim, 

Germany), and plasma endotoxin levels were measured by a 

commercially available quantitative chromogenic endpoint 

Limulus amoebocyte lysate QCL-1000 kit (Lonza, Walkers-

ville, MD, USA). In addition, an ELISA kit was used to estimate 

■ Elevated plasma levels of zonulin and endotoxin are re-
lated with lower Onodera’s prognostic nutritional index 
(OPNI), particularly in surgical intensive care unit pa-
tients.

■ Higher serum interleukin-6 and high-sensitivity C-reac-
tive protein levels are associated with lower OPNI.
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high-sensitivity C-reactive protein (hs-CRP) (Diagnostics 

Biochem, London, ON, Canada). All laboratory tests were per-

formed using the same blood sample for each patient. All tests 

were carried out in duplicate, and all assays were utilized as 

recommended by the manufacturers. 

The OPNI for each patient was calculated using the formula: 

OPNI=10×albumin (g/dl)+0.005×total lymphocyte count/μL as 

measured in peripheral blood, with a reference value ≤40 [11]. 

Serum albumin and lymphocyte count were measured within 

24 hours of admission to the ICU. Clinical outcomes, including 

incidence of sepsis according to American College of Chest 

Physicians and the Society of Critical Care Medicine criteria 

[20] during the ICU stay, mortality in the ICU, and length of 

stay in the ICU were recorded. 

Ethical Statement 
The study was supported by grant NO 1395/74351 from the 

Shahid Beheshti University of Medical Sciences. All proce-

dures performed in studies involving human participants 

were in accordance with the ethical standards laid down in 

the 1964 Declaration of Helsinki and its later amendments. 

Informed consent was obtained from the legal representatives 

of eligible patients according to local regulations. This study 

was reviewed and approved by the ethics committee of Shahid 

Beheshti University of Medical Sciences with Ethical approval 

(No. IR.SBMU.RETECH.REC.1395.860). 

Statistical Analysis 
All statistical analyses were carried out using IBM SPSS ver. 

20 (IBM Corp., Armonk, NY, USA). The significance level 

of all tests was targeted at 0.05. Characteristics of the study 

population were analyzed by descriptive statistics. Data were 

expressed as percentages and frequencies or described as me-

dians and interquartile range (IQR) for continuous variables 

not normally distributed and highly skewed. Using OPNI as 

the categorical variable, patients were placed into two cate-

gories: high OPNI (>40) and low OPNI (≤40). The differences 

in distributions of categorical variables were assessed using 

chi-square test, whereas the Mann-Whitney test was used to 

assess differences in the distributions of continuous variables. 

Univariate binary logistic regression was used to explore rela-

tionships between OPNI and intestinal permeability (zonulin 

and endotoxin levels) or inflammatory factors (hs-CRP, IL-6) 

for the overall population and by admission category. Multiple 

logistic regression models were adjusted for age and used to 

determine relationships between exploratory variables and 

OPNI with adjustment for potential confounders. Initially, a 

partially adjusted model included age. A fully adjusted model 

added APACHE II. Variance inflation factor was used to detect 

collinearity in the final model. 

RESULTS 

The final analyses were conducted in a sample of 162 critically 

ill patients (Figure 1). Demographic and clinical characteristics 

of the 162 included patients are listed in Table 1, overall and by 

OPNI. The median age of participants was 65 years (IQR, 49– 

75), and 54% were male. Overall, 63% of patients were classi-

fied as low nutritional status according to OPNI. 

Patients were dichotomized based on OPNI cut-off. The 

median age of patients with low or high OPNI was 69.5 years 

(IQR, 51–79 years) and 58 years (IQR, 49–70 years), respective-

ly (P=0.002). There were no significant differences in APACHE 

II score and SOFA score between the two OPNI subgroups. 

(P=0.066 and P=0.519, respectively). At admission, there was a 

statistically significant difference between low and high OPNI 

subgroups (P=0.021). As expected, compared to patients with 

high OPNI, the low OPNI subgroup had significantly lower se-

rum albumin (P<0.001) and lower lymphocyte count (P<0.001). 

The median (IQR) serum IL-6 of participants was 318 pg/ml 

(96–477 pg/ml) and 157 pg/ml (43–422 pg/ml) in low and high 

OPNI subgroups, respectively, demonstrating a significant 

difference (P<0.001). The median (IQR) serum hs-CRP was 

significantly greater in the low OPNI subgroup than in patients 

with high OPNI (P=0.006). Those with low OPNI exhibited sig-

nificantly higher plasma zonulin and plasma endotoxin values 

Figure 1. Flowchart describing selection of participants. ICU: 
intensive care unit.

15 Did not meet eligibility criteria
3 Was < 18 yr
3 Died within 24 hr of admission
1 Discharged within 24 hr of admission
5 Transferred to another hospital within 24 hr of 

admission
2 Were transferred from other ICUs
1 Did not have family present

177 Critically ill patients in ICU assessed for eligibility

162 Included in final analysis
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compared with those with high OPNI (P<0.001 for both com-

parisons). 

Multivariate analyses using binary logistic regression 

(OPNI classification: low or high) demonstrated significant 

relationship between higher plasma zonulin level and lower 

OPNI with adjusted odds ratio (OR) 0.83 (95% confidence 

interval [CI], 0.75–0.98) in the overall population, OR 0.81 

(95% CI, 0.78–0.96) in the surgical group, and OR 0.91 (95% CI, 

0.89–1.21) in the medical group (Table 2). A significant nega-

tive association between endotoxemia and decreasing OPNI 

category was demonstrated in the overall population (OR, 0.81; 

95% CI, 0.72–0.93) and in the surgical group (OR, 0.79; 95% CI, 

0.75–0.89) (Table 2). 

In the first model, there was a significant negative associa-

tion of IL-6 with OPNI category in the overall population and 

in both surgical and medical groups. However, the association 

remained significant only in the overall population (OR, 0.88; 

95% CI, 0.64-0.96) and in the surgical group (OR, 0.80; 95% CI, 

0.60–0.88) after adjustments for potential confounders (Table 

2). An inverse correlation was found between hs-CRP level and 

OPNI category in the overall population and in both surgical 

and medical groups, which are demonstrated in the first and 

second models (Table 2). 

There was statistically significant difference in the incidence 

of new severe sepsis between OPNI categories. Overall, 28.4% 

of those in the low OPNI group versus 13.3% in the high OPNI 

group had new severe sepsis (P=0.027). There were no statis-

tically significant differences for mortality in ICU between the 

low OPNI group (18.6%) and the high OPNI group (13.3%) 

(P=0.027). The median (IQR) length of stay in ICU was 17 

(10–29) days and 11 (6–24) days for the low OPNI group and 

the high OPNI group, respectively (P=0.042). 

DISCUSSION 

This study was conducted to assess the association of inflam-

mation factors and intestinal permeability with nutritional sta-

tus index (OPNI) in critically ill patient. Based on our literature 

review, potential associations of markers of intestinal perme-

ability and inflammation with OPNI were not investigated in 

Table 1. Baseline demographic and clinical characteristics of the overall population according to OPNI class

Variable Overall (n=162)
OPNI class

Low (≤40, n=102) High (>40, (n=60) P-value

Age (yr) 65 (49–75) 69.5 (51–79) 58 (49–70) 0.002a,b

Sex 0.088a,c

 Male 87 (53.7) 60 (59) 27 (45)

 Female 75 (46.3) 42 (41) 33 (55)

Hospital to ICU admission (day) 0.5 (0–1) 0 (0–1) 1 (0–1) 0.242b

Admission category 0.021a,c

 Medical 78 (48) 42 (41) 36 (60)

 Surgical 84 (52) 60 (59) 24 (40)

Number of comorbidities 0 (0–2) 1 (0–2) 0 (0–1) 0.043a,b

Mechanical ventilation 34 (21) 20 (20) 14 (23) 0.574c

APACHE II score 26 (21–36) 25 (20–35) 28 (21–40) 0.066b

SOFA score 8 (7–11) 8 (7-11) 9 (6-11) 0.519b

OPNI score 32.2 (24.5–45.3) 27.5 (21.3–31.8) 46.9 (43.9–51.5) <0.001a,b

Total lymphocyte count 1,513 (890–2,386) 1,163 (688–1,546) 2,533 (2,024–2,899) <0.001a,b

Serum albumin (g/dl) 2.5 (2–3.4) 2 (1.7–2.4) 3.5 (3.3–3.9) <0.001a,b

Serum IL-6 (pg/ml) 222 (77–454) 318 (96–477) 157 (43–422) <0.001a,b

Serum hs-CRP 4.01 (2.98–4.52) 4.28 (3.77–4.60) 2.30 (1.56–3.58) 0.006a,b

Plasma zonulin (ng/ml) 6.8 (4.3–11.5) 8.2 (5.0–12.1) 6.0 (3.5–9.5) 0.022a,b

Plasma endotoxin (EU/mL) 0.57 (0.33–0.86) 0.66 (0.40–0.88) 0.48 (0.31–0.78) 0.034a,b

Values are presented as median (interquartile range) or number (%).
OPNI: Onodera’s prognostic nutritional index; ICU: intensive care unit; APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: Sequential Organ Failure 
Assessment; IL-6: interleukin-6; hs-CRP: high-sensitivity C-reactive protein.
aP<0.05, statistically significant; bMann-Whitney test; cChi-square test.
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previous studies. Due to the wide range of diagnoses, patients 

enrolled in the study were divided into medical and surgical 

groups with a higher prevalence of surgical patients. 

The results of our analysis demonstrate that higher plasma 

endotoxin, zonulin, IL-6, and hs-CRP levels are associated 

with progressively lower OPNI in medical-surgical ICU pa-

tients. These associations remained significant after adjusting 

for potential confounders (age and APACHE II). Moreover, our 

results indicated that this association was more identifiable 

in surgical ICU patients. These observations underscore the 

importance of nutritional condition in the recovery of systemic 

inflammation and intestinal barrier function [21]. The differ-

ence in the association of intestinal permeability and OPNI 

score between the surgical group and the medical group might 

be due to small sample size or might indicate that OPNI is a 

more appropriate indicator for assessing nutritional status in 

surgical patients. Therefore, we recommend that future studies 

with larger sample sizes be performed in both medical and 

surgical groups. 

Studies have demonstrated that the OPNI predicts mortality, 

morbidity, and prognosis in several diseases including non-

surgical conditions [11,22-25]. However, OPNI has rarely been 

applied in the ICU setting [26]. Similar to a previous study con-

ducted by Vermeulen et al. [26], the mean OPNI in our study 

was lower than the reference value [11]. In our previous study 

of critically ill patients, we found a significant positive associa-

tion between intestinal permeability markers and high scores 

for nutritional risk [27]. Consistent with our results, Kang et 

al. [24] reported that, in peritoneal dialysis patients, OPNI and 

serum albumin were negatively correlated with CRP. Further-

more, Yenibertiz et al. [15] showed that CRP was significantly 

higher in a low OPNI group of patients with small-cell lung 

cancer. Higher hs-CRP, lower OPNI, and older age are signifi-

cant predictive factors for mortality among patients with total 

colectomy [28]. Milan Manani et al. [29] reported that IL-6 was 

negatively correlated with serum albumin in peritoneal dialy-

sis patients. Decreased rate of albumin synthesis in critically ill 

patients results in hypoalbuminemia, which is often caused by 

combined effects of inflammation and malnutrition. Inflam-

mation alone increases the fractional catabolic rate and alters 

the distribution of albumin between the intra- and extravascu-

lar compartments [30]. 

Two common complications seen in critically ill patients 

admitted to the ICU are increased systemic inflammation and 

intestinal permeability [7,8]. The leaky gut hypothesis explains 

that gut microbial products can cause chronic low-grade in-

flammation due to intestinal barrier dysfunction [31]. Infec-

tions or any trauma of the epithelial lining can severely dam-

age intestinal barrier function, disrupting tissue homeostasis. 

Alteration of the gut barrier can lead to increased intestinal 

permeability, alter mucus composition and the intestinal lay-

er, secretion of intestinal proteases, and damage to intestinal 

cells [32]. In addition, metabolic stress can induce secretion 

of pro-inflammatory cytokines and reactive oxygen species in 

Table 2. Binary logistic regression to predict the associations of intestinal permeability/inflammation factors with OPNI in the overall population and 
stratified by admission category

Variable
Overall (n=162)

Admission category

Medical (n=78) Surgical (n=84)

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-valuea

Plasma zonulin

 First model 0.75 (0.69–0.89) 0.023 0.79 (0.75–0.98) 0.049 0.71 (0.60–0.80) 0.015

 Second modelb 0.83 (0.75–0.98) 0.048 0.91 (0.89–1.21) 0.114 0.81 (0.78–0.96) 0.044

Plasma endotoxin

 First model 0.73 (0.69–0.81) 0.021 0.80 (0.71–0.90) 0.032 0.73 (0.69–0.89) 0.032

 Second modelb 0.81 (0.72–0.93) 0.039 0.84 (0.80–1.09) 0.069 0.79 (0.75–0.89) 0.043

Serum IL-6

 First model 0.80 (0.70–0.90) 0.039 0.91 (0.88–1.11) 0.192 0.76 (0.75–0.80) 0.034

 Second modelb 0.88 (0.64–0.96) 0.042 0.92 (0.82–1.23) 0.236 0.80 (0.60–0.88) 0.038

Serum hs-CRP

 First model 0.74 (0.60–0.86) 0.031 0.78 (0.58–0.88) 0.040 0.65 (0.47–0.73) 0.012

 Second modelb 0.77 (0.53–0.92) 0.025 0.79 (0.59–0.98) 0.048 0.68 (0.52–0.77) 0.014

OPNI: Onodera’s prognostic nutritional index; OR: odds ratio; CI: confidence interval.
aP<0.05; bAdjusted for age and Acute Physiology and Chronic Health Evaluation (APACHE) II score.



366 https://www.accjournal.org Acute and Critical Care 2021 November 36(4):361-368

Ardehali SH, et al.     Inflammation, intestinal permeability, and Onodera

intestinal epithelium. 

Proinflammatory responses occur simultaneously with 

anti-inflammatory responses to maintain immunological bal-

ance; this condition is called compensatory anti-inflammatory 

response syndrome. During this state, the immune systems 

of critically ill patients reprogram their defense strategies and 

are often unable to eliminate the primary infection, often 

resulting in secondary infection [32]. Nutrition in critically ill 

patients admitted to the ICU deteriorates rapidly regardless of 

nutritional status at the time of admission [33]. Severe catab-

olism and the proinflammatory state due to increase in both 

hormones and cytokines can result in rapid loss of protein. 

This phenomenon differentiates critically ill patients from oth-

er types of hospitalized patients among whom malnutrition 

is mostly related to decreased food intake due to the disease 

state. Thus, it is important to observe the current metabolic 

states of critically ill patients during nutrition assessment even 

when admitted in a well-nourished state [34]. 

Higher levels of systemic inflammation in the body, struc-

ture, and function of intact mucous membrane and leakage of 

toxins such as bacterial endotoxins are highly associated with 

malnutrition [21]. In addition, malnutrition reduces the ratio 

of CD4+ to CD8+ T cells as well as the appearance of peripher-

al immature T cells [35]. Low levels of lymphocyte types (CD19) 

indicate some nutritional deficiencies [36]. Therefore, the 

relationship between circulating lymphocyte counts and mal-

nutrition has been shown to be crucial in identifying nutrient 

deficiencies. 

The strengths of this study are the analysis of blood samples 

analyzed at a central laboratory and data collected by stan-

dardized procedures. The OPNI is a well-validated and simple 

tool that can be calculated using only two parameters and 

applied to a large number of patients in critical care settings. 

As for the limitations of this study, the highly heterogeneous 

group of patients poses interpretive challenges. Therefore, to 

confirm the results of this study, further investigations should 

focus on specific populations. Clinical status and the use of 

medications in critically ill patients can alter albumin level and 

total lymphocyte count and make them difficult to interpret. 

Therefore, these parameters were determined over the first 24 

hours after admission at the ICU. Another limitation is that lon-

gitudinal associations of IL-6, hs-CRP, endotoxin, and zonulin 

levels with OPNI cannot be detected due to the cross-sectional 

study design. The possibility that residual confounding factors 

explain the associations of IL-6, hs-CRP, endotoxin, and zonu-

lin levels with OPNI cannot be excluded. Another limitation of 

this study is that we did not calculate sample size based on the 

medical and surgical groups. Further investigation involving a 

more accurate lymphocyte count or subset is necessary.  

In conclusion, higher plasma endotoxin, zonulin, IL-6, 

and hs-CRP levels are significantly negatively associated with 

OPNI in a mixed ICU population, particularly in surgical ICU 

patients. According to our findings, screening critically ill pa-

tients using the OPNI that can indicate systemic inflammation 

and intestinal permeability was suggested. Patients with lower 

OPNI benefit more from nutritional interventions compared 

to those with higher OPNI. 
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