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Summary. Background: Nutrition in the Intensive Care Unit (ICU) encounters a variety of challenges. This 
study aimed to examine the correlation of Tumor Necrosis Factor-alpha (TNF-α) and high sensitive C-
reactive protein (hs-CRP) with the Sequential Organ Failure Assessment (SOFA) score in traumatic ICU 
patients. Patients and Methods: Twenty five critically ill patients were recruited for assessment of the inflam-
matory factors’ correlation with the SOFA score. Statistical analyses were done using parametric tests. Results: 
Statistical analysis showed a strong correlation between TNF-α on day 3 of admission with SOFA scores on 
days 5 and 7 (r> 0.5). A similarly strong correlation also was seen between hs-CRP and SOFA on days 3 and 
5 (r>0.5). Conclusion: The study results showed serum levels of TNF-α on day 3 of admission can predict organ 
dysfunction in traumatic ICU patients and TNF-α is a better prognostic factor than hs-CRP. 

Key word: enteral nutrition, Tumor Necrosis Factor-alpha (TNF-α), Intensive Care Unit (ICU)

Progress in Nutrition 2017; Vol. 20, Supplement 1: 312-317	 DOI: 10.23751/pn.v20i1-S.5933				                  © Mattioli 1885

O r i g i n a l  a r t i c l e

Introduction

Nutrition in the Intensive Care Unit (ICU) en-
counters a variety of challenges such as: general condi-
tion, severity of illness and specific needs (1, 2). Patients 
admitted in ICU have high nutritional requirements 
and can become malnourished quickly. In addition, 
critical illness is typically linked with a catabolic stress 
state in which patients commonly demonstrate a sys-
temic inflammatory response (3). TNF-α is an inflam-
matory factor that may have a key role in the regulation 
of inflammation. TNF-α increases in multiple trauma 
patients (4, 5) and raised TNF-α level subsequent to 
trauma is damaging to the body (6). The inflammatory 
marker can produce intense inflammatory milieu with 
potential organ dysfunction. Inflammatory marker an-
tagonists may be effective in symptom modulation of 
inflammatory disorders (7, 8). hs-CRP also is another 

inflammatory factor that has a role in inflammatory 
processes. Secretion of hs-CRP is dependent on other 
inflammatory markers like IL-6. This cytokine also 
increases in multi-traumatic patients (9-12). The se-
quential organ failure assessment (SOFA) score makes 
possible the prediction of organ dysfunction over six 
organ systems (13), in addition to recognizing the se-
verity of their dysfunctions: respiratory, coagulation, 
liver, cardiovascular, renal, and neurological systems. 
Since its introduction, the SOFA score has also been 
used for predicting mortality, although it was not de-
veloped for this purpose. The SOFA score could be 
useful in providing therapeutic decision making and 
guiding resource allocation (13-15). 

Objectives
The present study was conducted to determine 

the dynamic changes of serum TNF-α and hs-CRP 
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and the corresponding changes of serial evaluation in 
the SOFA score and their correlation in critically ill 
patients. 

Patients and Methods

Subjects
This prospective study was conducted in ICU 

Imam Reza Hospital of Tabriz University of Medical 
Science, Tabriz, Iran. During 8 months, all patients 
admitted to the ICU were screened for study eligibil-
ity. Study patients were prospectively followed-up un-
til they had completed a follow-up of 7 days, or died, 
whichever occurred first. Those patients who did not 
fulfill the follow-up period (for any reason) were ex-
cluded. Sample size was calculated based on TNF-α 
from Yousef et.al. study (16) by following formula with 
power %95:

It shows that each group has to be at least six 
subjects. A total of 25 patients were included in 
the study and were fed via a Naso-Gastric (NG) or 
Percutaneous Endoscopic Gastrostomy (PEG) tube 
with a standard manufactured solution with 1 kcal/ml 
energy, by using continuous feeding pump. During 
the 24 hours after admission patients were weighed 
and, based on Harris-benedict equation, their calorie 
requirements calculated. Total calories have compro-
mised by 55% from carbohydrate, 30% from fat and 
15% from protein. An average 70 kg patient received 
15 ml of this solution in the initial 3 hours which 
increased by 5 ml increments to a maximum of 70 ml 
every hour. Every six hours, Gastric Residual Volume 
(GRV) was checked and if it was greater than 300 ml, 
feeding was delayed by 3 hours and metoclopramide 
was administered. Patients who had received anti-
inflammatory drugs or corticosteroids before admis-
sion, patients with bleeding in the GI or with en-
teral feeding intolerance, hemodynamically unstable 

patients, immunosuppressed patients, patients with 
chronic organ failure, patients with previous organ 
transplantation, pregnant females, those who received 
massive blood transfusion, post-cardiopulmonary re-
suscitation status, APACHE II (Acute Physiology 
and Chronic Health Evaluation) score less than 20 on 
admission or within 24 h of admission were excluded 
from the study. Other exclusion criteria: unknown 
outcome or losses of patient follow up due to transfer 
to other hospitals and refusal of the patient or rela-
tives to sign the consent form. Inclusion criteria were: 
patients aged between 18–65 years, those predicted to 
be kept in ICU from more than 72 hours, APACHE 
II score on admission or within 24 h of admission 
>20, amenability to enteral feeding, no obstruction in 
the gastrointestinal (GI) tract, no GI bleeding, nor-
mal kidney function and enteral nutrition tolerance. 
Venous blood samples were taken just prior to begin-
ning and then 3, 5 and 7 days after admission. Blood 
samples were collected in glass tubes and serum was 
extracted by centrifuge at 1,600 g for 15 minutes. 
Then, samples were frozen at refrigerator -70. Serum 
hs-CRP concentration was determined based on im-
munoenzymometric assay (Monobind Inc., Accu- 
Bind ELISA kit, hs-CRP: 3125-300, USA). Serum 
level of TNF-α  was measured using a commercial 
enzyme-linked immunosorbent assay (ELISA) kit 
(AviBion Human TNF-α ELISA kit, Orgenium 
Laboratories Business Unit, Finland) guided by the 
manufacturer’s instructions. The SOFA score is com-
posed of six variables, each representing an organ sys-
tem: respiratory, cardiovascular, hepatic, coagulation, 
renal and neurological; graded from 0 to 4 according 
to the degree of dysfunction/failure (17).  Each organ 
system is assigned a point value from 0 (normal) to 4 
(high degree of dysfunction/failure). The SOFA score 
ranges from 0 to 24.

Ethical issues
The research followed the tenets of the Declaration 

of Helsinki; informed consent was obtained from pa-
tients or their kin, and they were free to leave the study 
at any time and the research was approved by the ethi-
cal committee of Tabriz University of Medical Sciences 
by number: 92205 (IRCT201403042017N19).
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Statistical analysis
The continuous variables are presented as mean± 

SD and categorical variable as number and percentage. 
The data were descriptively analyzed by calculating the 
frequencies (percentages), means, and standard devia-
tion (SD). TNF-α, Hs-CRP and SOFA changes dur-
ing 4 examination were compared by Within-group 
repeated measures analysis. Correlation of TNF-α and 
hs-CRP with SOFA scores was assessed by Pearson 
correlation test. All statistical analyses were conducted 
with an α level of 0.05 using the statistical software 
package SPSS (version 20.0, SPSS Inc., Chicago, 
Illinois). 

Results and Discussion

The description of clinical and demographic char-
acteristics (sex, age and serum levels of TNF-α, hs-
CRP and SOFA score before intervention) are shown 
in Table 1. The results of within-group statistical 
analysis are shown in Table 2 and the correlation as-

sessment results are shown in Table 3.  Within-group 
statistical analysis showed TNF-α at first significantly 
increases and then decreases significantly. The second 
examination of TNF-α was significantly higher than 
the first and 3rd examinations (P< 0.05) and the last 
examination of TNF-α was significantly lower than 
the 2nd and 3rd examinations (P< 0.05) but significantly 
higher than the first one (P< 0.05). The above-men-
tioned statistical analysis for hs-CRP also showed hs-
CRP at first significantly increases and then decreases 
significantly. In the study, serum levels of hs-CRP on 
day 3 of admission were significantly higher in com-
parison to all other examinations (P< 0.05) and the last 
examination was significantly lower than the second 
and third days but no significant differences were seen 
between the first and last examination. 

No strong correlation was seen between the first 
examination of TNF-α and SOFA scores but correla-
tions of the second, third and fourth examinations of 
TNF-α with SOFA scores on days 5 and 7 of admis-
sion were strong. Like TNF-α, no strong correlation 
also was seen between the first and last examinations 
of hs-CRP and SOFA scores but a strong correlation 
was seen between second and third ones. 

The present study seems to be, to the best of our 
knowledge, the first study to correlate simultaneously 
the serum hs-CRP and serum TNF-α dynamics among 
critically ill patients in addition to the corresponding 
changes in SOFA score. The study results revealed that 
hs-CRP and TNF-α have correlations with SOFA 
score but because of the rapid reduction to the base 
line levels it seems that serum levels of hs-CRP are 
affected by factors other than trauma or are not more 
sensitive to trauma. So the study recommends the use 
of serum levels of TNF-α for evaluation of nutritional 
interventions, even in multiple trauma ICU protocols. 

Table 1. Demographic characteristics of study subjects

Variable Study subjects (n= 25)

Sex
Male [n (%)] 13 (52%)

Female [n (%)] 12 (48%)

Age [ Mean (SD)] 36.90±8.64

Basic TNF-α [ Mean (SD)] 36.90±8.64

Basic hs-CRP [ Mean (SD)] 3.14±0.24

Basic SOFA [ Mean (SD)] 5.01±0.36

Table 2. Within-group statistical analysis 

Variable First examination Second examination Third examination Fourth examination P-value*

TNF-α 67.48±7.52 196.50±28.27 171.63±27.45 144.94±29.82 < 0.001

Hs-CRP 3.14±0.24 3.51±0.24 3.49±0.22 3.13±0.27 < 0.001

SOFA 5.01±0.36 5.39±0.44 6.12±0.63 5.77±0.74 < 0.001

*P-value based on repeated measure test [TNF-α: P-value between all times is less than 0.001; hs-CRP: P-value between first and last 
examination is non-significant (more than 0.05); SOFA: P-value between all times is less than 0.05]
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SOFA score is an independent prognostic factor in 
critical illness and indirectly reflect the clinical severity 
status of the patients and the degree of organ systems 
dysfunction (18) . Ferreira et al. reported that SOFA 
scores during the first few days after ICU admission are 
a good prognostic indicator in critically ill patients(19) 
(20). The results from present study showed trauma 
induced inflammatory response do not take place im-
mediately after trauma; the inflammatory factors sig-
nificantly increase after 3 days of admission and then 
decrease. Yousef et al also reported delayed elevation 
of inflammatory markers after ICU admission and also 
reported that the TNF-α increment was done only on 
second day of ICU patients (18). In another study the 
author reported similar findings in ICU patients(19). 
Our study also showed that TNF-α is a better marker 
for assessment of inflammatory status in critically ill 

patients than hs-CRP because of the rapid reduction 
of hs-CRP after trauma. While the SOFA score re-
mains high, hs-CRP reduces to almost normal range. 
Thus, it seems that hs-CRP is not a suitable marker for 
the assessment of nutritional interventions in trauma 
ICU patients. To the best of our knowledge, no study 
has been conducted to show hs-CRP status in trauma 
patients and this study is the first hs-CRP examination 
in the above-mentioned community group. 

Conclusions

Serum levels of TNF-α on day 3 of admission can 
predict organ dysfunction in traumatic ICU patients 
and TNF-α is a better prognostic factor than hs-CRP. 

Table3- Correlation of TNF-α and hs-CRP with SOFA scores

variables SOFA1 SOFA2 SOFA5 SOFA7

TNF-α1

R -0.172 -0.394 -0.272 -0.135

P-value 0.412 0.051 0.188 0.522

TNF-α3

R -0.275 -0.001 0.540 0.589

P-value 0.184 0.997 0.005 0.002

TNF-α5

R -0.322 -0.027 0.559 0.592

P-value 0.116 0.796 0.004 0.002

TNF-α7

R -0.342 0.062 0.673 0.677

P-value 0.092 0.720 < 0.001 < 0.001

Hs-CRP1

R 0.021 0.170 0.068 0.075

P-value 0.921 0.417 0.745 0.721

Hs-CRP3

R 0.315 0.194 0.688 0.533

P-value 0.125 0.351 < 0.001 0.006

Hs-CRP5

R -.0414 0.080 0.546 0.541

P-value 0.040 0.705 0.005 0.002

Hs-CRP7

R 0.346 0.036 0.273 0.174

P-value 0.091 0.865 0.186 0.406

“R” reported based on Pearson correlation test
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Limitations of the study 

The low number of patients is a limitation of our study.

Authors’ contribution 

SMHMJ: Study design, preparation of manuscript, final 
revision, and data interpretation. AS: Study design and data in-
terpretation. AO: Study design, preparation of manuscript, data 
interpretation, final revision, and supervisor of the project. SH: 
Data collection, supervisor in ICU. FS: Data collection, super-
visor in ICU.

Ethical considerations

Ethical issues (including plagiarism, data fabrication, dou-
ble publication) have been completely observed by the author.

Funding/Support 

This research project was approved by Tabriz University of 
Medical Science as a PhD project. This project started at May, 
4, 2014 and finished at January, 8, 2015.

References 

  1. �Yip KF, Rai V, Wong KK. Evaluation of delivery of en-
teral nutrition in mechanically ventilated Malaysian ICU 
patients. BMC anesthesiology. 2014;14:127.

  2. �Jazayeri SMHM, Ostadrahimi A, Safaiyan A, Hashemza-
deh S, Salehpour F. Standard enteral feeding improves nu-
tritional status compared with hospital-prepared blended 
formula among Intensive Care Unit (ICU) patients. Pro-
gress in Nutrition. 2016;18(1):22-5.

  3. �Stephen A. McClave RGM, Vincent W. Vanek, Mary Mc-
Carthy, Pamela Roberts, Beth Taylor, Juan B. Ochoa, Lena 
Napolitano, Gail Cresci, the A.S.P.E.N. Board of Direc-
tors and the American College of Critical Care Medicine. 
Guidelines for the Provision and Assessment of Nutrition 
Support Therapy in the Adult Critically Ill Patient:: Society 
of Critical Care Medicine (SCCM) and American Society 
for Parenteral and Enteral Nutrition (A.S.P.E.N.). JPEN J 
Parenter Enteral Nutr. 2009;33:277-316.

  4. �Svoboda P, Kantorová I, Ochmann J. dynamics of inter-
leukin 1, 2 6 and tumor necrosis factor alpha in multiple 
trauma patients. Journal of Trauma and Acute Care Surgery. 
1994;36(3):336-40.

  5. �Jazayeri SMHM, Ostadrahimi A, Safaiyan A, Hashemza-
deh S, Salehpour F. Effects of four different enteral feeding 
methods on tumor Necrosis Factor-α (TNF-α) and high 
sensitive C-Reactive Protein (hs-CRP) in critically Ill Pa-

tients: double blinded, randomized controlled trial. Progress 
in Nutrition. 2016;18(3):236-41.

  6. �Spielmann S, Kerner T, Ahlers O, Keh D, Gerlach M, Ger-
lach H. Early detection of increased tumour necrosis factor 
alpha (TNFalpha) and soluble TNF receptor protein plas-
ma levels after trauma reveals associations with the clinical 
course. Acta Anaesthesiol Scand. 2001;45(3):364-70.

  7. �Bradley J. TNF‐mediated inflammatory disease. The Journal 
of pathology. 2008;214(2):149-60.

  8. �Majetschak M, Flohé S, Obertacke U, Schröder J, Staubach 
K, Nast-Kolb D, et al. Relation of a TNF gene polymor-
phism to severe sepsis in trauma patients. Annals of surgery. 
1999;230(2):207.

  9. �Katagiri S, Nitta H, Nagasawa T, Uchimura I, Izumiyama 
H, Inagaki K, et al. Multi-center intervention study on gly-
cohemoglobin (HbA1c) and serum, high-sensitivity CRP 
(hs-CRP) after local anti-infectious periodontal treatment 
in type 2 diabetic patients with periodontal disease. Diabe-
tes research and clinical practice. 2009;83(3):308-15.

10. �Sharma S, Mishra HK, Sharma H, Goel A, Sreenivas V, 
Gulati V, et al. Obesity, and not obstructive sleep apnea, is 
responsible for increased serum hs-CRP levels in patients 
with sleep-disordered breathing in Delhi. Sleep medicine. 
2008;9(2):149-56.

11. �Lobo SM, Lobo FR, Bota DP, Lopes-Ferreira F, Soliman 
HM, Mélot C, et al. C-reactive protein levels correlate with 
mortality and organ failure in critically ill patients. CHEST 
Journal. 2003;123(6):2043-9.

12. �Liang X-Y, Li H-N, Yang X-Y, Zhou W-Y, Niu J-G, Chen 
B-D. Effect of Danshen aqueous extract on serum hs-CRP, 
IL-8, IL-10, TNF-α levels, and IL-10 mRNA, TNF-α 
mRNA expression levels, cerebral TGF-β1 positive expres-
sion level and its neuroprotective mechanisms in CIR rats. 
Molecular biology reports. 2013;40(4):3419-27.

13. �Ho K. Combining sequential organ failure assessment 
(SOFA) score with acute physiology and chronic health 
evaluation (APACHE) II score to predict hospital mortal-
ity of critically ill patients. Anaesthesia and intensive care. 
2007;35(4):515-21.

14. �Lopes Ferreira F, Peres Bota D, Bross A, Mélot C, Vincent 
J-L. Serial evaluation of the SOFA score to predict outcome 
in critically ill patients. JAMA, the journal of the American 
Medical Association. 2001;286(14):1754-8.

15. �Gerent A, Almeida J, Almeida E, Lousada A, Park C, 
Ribeiro J, et al. Base deficit and SOFA score are predictive 
factors of early acute kidney injury in oncologic surgical pa-
tients. Critical Care. 2015;19(Suppl 1):P297.

16. �Yousef AA, Suliman GA. The predictive prognostic values 
of serum TNF-alpha in comparison to SOFA score moni-
toring in critically ill patients. BioMed research interna-
tional. 2013:258029.

17. �American College of Chest Physicians/Society of Critical 
Care Medicine Consensus Conference: definitions for sep-
sis and organ failure and guidelines for the use of innovative 
therapies in sepsis. Crit Care Med. 1992;20(6):864-74.

18. �Yousef AAA-M, Suliman GA. The predictive prognos-



Correlation between Inflammatory markers and organ dysfunction among Intensive Unit Care patients 317

tic values of serum TNF-α in comparison to SOFA score 
monitoring in critically ill patients. BioMed research inter-
national. 2013;2013.

19. �Ferreira FL, Bota DP, Bross A, Mélot C, Vincent J-L. Serial 
evaluation of the SOFA score to predict outcome in criti-
cally ill patients. Jama. 2001;286(14):1754-8.

20. �Rostom A, Khaled M, Afify M, Ahmed E-S. Applications of 
the international scoring system for Disseminated Intravas-
cular Coagulopathy (DIC) and its interaction with Sequen-
tial Organ Failure Assessment Score (SOFA) in prediction 
of prognosis and final outcome in ICU. The Egyptian Jour-
nal of Critical Care Medicine. 2013;1(1):33-41.

Correspondence: 
Abdolrasoul Safaiyan
Road Traffic Injury Research Center, Faculty of biostatics and 
epidemiology
Tabriz University of Medical Sciences, Golgasht St.
Tabriz, Iran.
Tel and Fax: +984133352292   
E-mail: safaiyana@tbzmed.ac.ir


