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Brief Report

The Sequential Organ Failure Assessment Score Predicts 
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Background. Several tools to predict patients’ survival have been proposed in medical wards, though they are often 
time consuming and difficult to apply. The Sequential Organ Failure Assessment (SOFA) is a promising tool that has been 
validated in intensive care units but never in acute medical wards. The aim of this study was to assess whether the SOFA 
score predicts short-term (30 days) mortality in a population of elderly patients admitted to a geriatric ward.

Methods. This prospective observational cohort study was carried out in a Geriatric Clinic of an Italian teaching 
hospital. Among 359 patients consecutively and firstly admitted between January and April 2012, we considered eligible 
those (n = 314) directly admitted from the emergency department. Demographic, functional, and clinical variables were 
collected. The SOFA score was measured on admission (SOFA-admission) and 48 hours later (SOFA-48h). The vital 
status of participants was assessed over the 30 days following discharge.

Results. Patients who died at 1-month follow-up were prevalently men, more comorbid, disabled, and undernourished 
and had higher SOFA scores on admission and at 48 hours than their counterparts. Among all potential predictors of 
1-month mortality, the SOFA-48h score was the best, with a score greater than 4 significantly increasing the risk to die dur-
ing hospitalization or in the 30 days following discharge (odds ratio = 7.030; 95% confidence interval = 3.982–12.409).

Conclusions. The SOFA score, a user-friendly tool used in intensive care units to estimate prognosis, is able to predict 
1-month mortality also in patients admitted to an acute geriatric setting.
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RECEnTly, the number of patients admitted to hospital 
wards with serious clinical problems has led to increas-

ing interest in clinical tools estimating patients’ survival 
(1–5). However, many proposed tools (6–8) are difficult to 
apply in clinical practice because they include variables that 
are often not immediate to obtain or time consuming (9). 
Other prognostic indices have been developed to predict 
the medium- and long-term but not the short-term survival 
(2,10–14).

The Sequential Organ Failure Assessment (SOFA) is a 
promising tool, generally used to track a patient’s status 
during the stay in an intensive care unit (9,15,16), which 
has been shown to predict short- and long-term mortality 
(17,18). The SOFA score is simple to calculate based on 
clinical and laboratory parameters routinely assessed in 

medical practice. However, its usefulness has not been dem-
onstrated outside the intensive care unit setting.

The aim of this study was to assess whether the SOFA 
score is able to predict short-term (at 30 days) mortality in a 
population of elderly patients admitted to an acute geriatric 
ward. A secondary aim was to identify the best cutoff value 
to predict the mortality risk.

Materials and Methods
This prospective observational cohort study was con-

ducted among patients of the Geriatric Clinic at S. Gerardo 
University Hospital, northern Italy. Between January 1 
and April 30, 2012, a total number of 359 patients were 
consecutively and firstly admitted to our ward. Patients 
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eligible for this study were all those directly admitted from 
the emergency department. Patients transferred from other 
hospitals’ wards were excluded because of the difficulty in 
obtaining a complete baseline data set. Patients admitted 
from emergency department represent the majority (87% in 
the last year) of the admissions to our Geriatric Clinic.

All patients underwent a multidimensional assessment, 
including demographic, functional, nutritional, and global 
health status evaluation. The functional status was assessed 
with the Katz’s activities of daily living (19), whereas the 
nutritional status with the Malnutrition Universal Screening 
Tool (20) and with the albumin serum levels. Health status 
was assessed with the Charlson comorbidity index (21), the 
number of drugs, and the C-reactive protein serum levels. 
The SOFA score (17) was assessed on admission and 48 
hours later. This tool is based on six different scores, one 
each for the respiratory, cardiovascular, hepatic, coagula-
tion, renal, and neurological systems (see Supplementary 
Appendix). For each system, a score between 0 (no organ/
system impairment) and 4 (severe organ/system impair-
ment) is assigned. The sum provides a numerical index rang-
ing from 0 (no impairment) to 24 (maximum impairment).

Vital status of study participants over the 30  days fol-
lowing discharge was assessed by telephone interviews 
with proxies and by examining the regional administrative 
database.

Analyses were performed using SAS software (version 
9.3, SAS Institute, Cary, nC). Statistical significance was 
set at the .05 level. p Values were two sided. The Student’s 
t test and the chi-square test were used to compare clini-
cal characteristics between dead and alive patients. We also 
used the Fisher exact test, the Cochran–Armitage test for 
trend, and the correction of Satterthwaite for the degrees 
of freedom of test t, where appropriate. Receiver operating 
characteristic curves were constructed, and the area under 
the curve (AUC) was identified to evaluate the discrimi-
nant power of SOFA score. The optimal cutoff of SOFA 
score in predicting 30-day mortality was identified as the 
value that maximized the youden’s index (22). The associa-
tion between the optimal cutoff SOFA score and the risk 
of 1-month mortality was assessed with logistic regres-
sion models including continuous (age, activities of daily 
living score, albumin, and C-reactive protein serum level) 
and categorical variables (Malnutrition Universal Screening 
Tool and gender). The additive value of the SOFA score in 
predicting 1-month mortality with respect to other possi-
ble predictors was carried out by (i) comparing the areas 
under the receiver operating characteristic curves of these 
models and (ii) evaluating the integrated discrimination 
improvement, which assesses the increment in sensitivity 
and specificity of the model along all range of possible risk 
categories (23). Finally, we performed an internal valida-
tion of the predictive model using a bootstrapping method 
(100 bootstrap samples with replacement of the same size 
of the original sample) (24).

We collected and stored patients’ informed consents in 
our archives. The study design was approved by the Ethics 
Committee of the University of Milano-Bicocca.

Results
The study included 314 patients with a mean (standard 

deviation) age of 84.5 (6.8) years and a proportion of men 
of 41.4%. Twenty patients (16%) were resident in nurs-
ing homes before admission. Table  1 shows that patients 
who died were more likely to be men, disabled, and under-
nourished and had more comorbidities than survivors. 
Furthermore, they had higher C-reactive protein serum 
levels and higher SOFA scores both on admission and 48 
hours later. no significant differences in age, marital status, 
medications, and total length of stay were observed.

Figure 1 shows the receiver operating characteristic curves 
and the corresponding AUC for 1-month mortality with 
regard to the SOFA score on admission (SOFA-admission, 
panel A), SOFA score at 48 hours (SOFA-48h, panel B), 
and mean SOFA score (SOFA-mean, panel C). The receiver 
operating characteristic plot for SOFA-48h showed the wid-
est AUC (AUC = 0.7552). A score of 4 was the best cutoff to 
identify the patients at risk to die at 30 days, as maximized 
by the youden’s index.

One-month survival was significantly lower for patients 
with SOFA-48h score greater than 4 (71% of patients died 
in this group), with a sevenfold increased risk to die during 
hospitalization or in the 30 days following discharge (odds 
ratio  =  7.030; 95% confidence interval  =  3.982–12.409). 
In a multivariate regression model, adjusted for age, sex, 
Malnutrition Universal Screening Tool, activities of daily 
living, albumin, and C-reactive protein serum levels, the 
SOFA-48h score was an independent predictor of death 
(odds ratio  =  5.064, 95% confidence interval  =  2.668–
9.613). This model showed an AUC of 0.82; the same 
model, without including the SOFA-48h score, yielded an 
AUC of 0.77. The difference in AUC between these models 
was 0.05 (p value .0255) and the integrated discrimination 
improvement was 0.072 (p value .0001).

Finally, the AUC of the predictive model including the 
SOFA-48h score was evaluated in 100 bootstrap samples, 
showing an average of 0.84 (standard deviation = 0.02), and 
suggesting no optimistic performance in the original analy-
sis with regard to its predictive power.

Discussion
This study shows that (i) the SOFA-admission and 

SOFA-48h score were good predictors of 1-month mortality 
among a population of elderly patients in an acute geriatric 
ward; (ii) a SOFA-48h greater than or equal to 4 was the 
best cutoff to predict short-term mortality risk; and (iii) in 
a logistic regression including a list of variables that are 
thought to predict short-term mortality, the inclusion of the 
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Table 1. Demographic and Clinical Characteristics of 314 Patients Consecutively and Firstly Admitted to the Geriatric Clinic of S. Gerardo 
University Hospital, According to Vital Status at 1-Month Follow-up

Variables Alive at 1-Month (n = 239) Dead at 1-Month (n = 75) p Value

Age, y 84.1 ± 6.8 85.6 ± 6.8 .1021
Gender
 Male 90 (37.7) 40 (53.3) .0162
 Female 149 (62.3) 35 (46.7)
Marital status
 Single 11 (4.6) 4 (5.3)
 Married 82 (34.3) 32 (42.7) .4973*
 Widowed 143 (59.8) 39 (52.0)
 Divorced 3 (1.3) 0 (0.0)
Functional status
 ADl score 3.5 ± 2.4 2.1 ± 2.4 <.0001
 Charlson comorbidity index, n 2.6 ± 2.1 3.3 ± 2.1 .0014
 Medications, n 5.6 ± 3.5 5.9 ± 3.4 .5809
Malnutrition Universal Screening Tool score
 0 (no malnutrition) 178 (74.8) 35 (46.7)
 1 (risk of malnutrition) 23 (9.7) 12 (16.0) <.0001†

 ≥2 (malnutrition) 37 (15.5) 28 (37.3)
laboratory indices, serum levels
 Albumin (g/dl) 3.5 ± 0.4 3.2 ± 0.6 <.0001‡

 C-reactive protein (mg/dl) 5.7 ± 7.0 9.3 ± 7.4 .0002
Main diagnosis
 Pulmonary disease 42 (30.7) 27 (45.0) .0008
 Cardiovascular disease 37 (27.0) 9 (15.0) .4570
 Cancers 5 (3.7) 11 (18.3) <.0001*
 Acute cerebrovascular disease 28 (20.4) 6 (10.0) .3663
 Urinary tract infections 16 (11.7) 7 (11.7) .4441
 Diabetes 9 (6.6) 0 (0.0) —
SOFA score
 On admission 2.6 ± 1.8 3.9 ± 1.9 <.0001
 At 48 h 2.3 ± 1.6 4.4 ± 2.5 <.0001‡

 Δ-SOFA score* -0.2 ± 1.1 0.4 ± 1.9 .0045‡

length of stay, d 11.9 ± 6.3 11.7 ± 7.5 .8247

Notes: Values are reported as mean ± SD or n (%). SOFA denotes Sequential Organ Failure Assessment. Δ-SOFA score denotes the difference between the 
48-h and the admission SOFA score. ADl = activities of daily living.

*Fisher score.
†Test trend Cochran–Armitage.
‡Satterthwaite correction.

Figure 1. Receiver operating characteristic (ROC) curves for prediction of 1-month mortality.
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SOFA-48h score (dichotomized as <4 or ≥4) significantly 
improved the predictive power of this model.

The 1-month mortality rate we found in this study (24.8%) 
is different from rates reported in other studies carried out 
in geriatric wards (12,25) and similar to those reported in 
medical high dependency wards (26), intermediate care 
units (27), and some intensive care unit settings for medical 
patients (28,29). This suggests that patients admitted to our 
clinic were on average critical and had a high level of clini-
cal complexity. In line with this observation, we found that 
malnutrition, a known risk factor for poor clinical outcomes 
(30–33), was an independent predictor of 30-day mortality.

Our findings extend to geriatric wards the results of pre-
vious studies carried out in intensive care units and have 
several practical implications. As it is rapid and simple to 
use, the SOFA score may be appropriate for a routine use 
in the practice of medical units. Hence, the routine applica-
tion of this score within the first 48 hours of hospitalization 
would improve physicians’ ability to predict the patients’ 
short-term survival, maximizing their clinical expertise. 
Furthermore, using this score, physicians may be allowed 
to early recognize critical patients, plan appropriate medi-
cal interventions, shorten the time of clinical decisions, and 
anticipate possible scenarios to patients’ family members. 
From a research-driven perspective, the SOFA-48h score 
may be used to stratify individuals into groups with similar 
clinical risk profile, possibly comparing the effectiveness of 
different interventions.

Our study has some limitations. Firstly, this is not a mul-
ticenter study, implying that further researches including 
various medical centers and larger sample sizes are needed. 
Secondly, we recognize that our results cannot be imme-
diately transferable to other settings, and in particular that 
the cutoff proposed (SOFA score >4) in this study may not 
perform as well as in other geriatric and medical wards. 
Thirdly, we have not applied the SOFA score systematically 
to monitor the patients’ clinical course, neglecting a pos-
sible field of application of this tool (9). Finally, we have 
not compared the SOFA score with other predictive tools 
already adopted in geriatric settings.

Supplementary Material

Supplementary material can be found at: http://biomedgerontology.
oxfordjournals.org/

Acknowledgment

Sincere appreciations to Drs. lia and Sabrina Perego for their contribu-
tion in data collection.

Conflict of Interest

The authors have no conflict of interests to disclose, and they did not 
receive any funding for this study.

References
 1. Apostolopoulou E, Raftopoulos V, Terzis K, Elefsiniotis I. Infection 

Probability Score, APACHE II and KARnOFSKy scoring systems 

as predictors of bloodstream infection onset in hematology-oncology 
patients. BMC Infect Dis. 2010;10:135.

 2. yourman lC, lee SJ, Schonberg MA, Widera EW, Smith AK. 
Prognostic indices for older adults: a systematic review. JAMA. 
2012;307:182–192.

 3. Gürleyik G, Emir S, Kiliçoglu G, Arman A, Saglam A. Computed 
tomography severity index, APACHE II score, and serum CRP 
concentration for predicting the severity of acute pancreatitis. JOP. 
2005;6:562–567.

 4. Collins n, Blanchard MR, Tookman A, Sampson El. Detection of 
delirium in the acute hospital. Age Ageing. 2010;39:131–135.

 5. Bellelli G, noale M, Guerini F, et al. A prognostic model predicting 
recovery of walking independence of elderly patients after hip-frac-
ture surgery. An experiment in a rehabilitation unit in northern Italy. 
Osteoporos Int. 2012;23:2189–2200.

 6. Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE 
II: a severity of disease classification system. Crit Care Med. 
1985;13:818–829.

 7. lemeshow S, Teres D, Avrunin JS, Gage RW. Refining intensive care 
unit outcome prediction by using changing probabilities of mortality. 
Crit Care Med. 1988;16:470–477.

 8. le Gall JR, lemeshow S, Saulnier F. A new Simplified Acute 
Physiology Score (SAPS II) based on a European/north American 
multicenter study. JAMA. 1993;270:2957–2963.

 9. Ferreira Fl, Bota DP, Bross A, Mélot C, Vincent Jl. Serial evaluation 
of the SOFA score to predict outcome in critically ill patients. JAMA. 
2001;286:1754–1758.

 10. Abbatecola AM, Spazzafumo l, Corsonello A, Sirolla C, Bustacchini 
S, Guffanti E. Development and validation of the HOPE prognos-
tic index on 24-month posthospital mortality and rehospitalization: 
Italian national Research Center on Aging (InRCA). Rejuvenation 
Res. 2011;14:605–613.

 11. Walter lC, Brand RJ, Counsell SR, et al. Development and validation 
of a prognostic index for 1-year mortality in older adults after hospi-
talization. JAMA. 2001;285:2987–2994.

 12. Pilotto A, Rengo F, Marchionni n, et  al. Comparing the prognos-
tic accuracy for all-cause mortality of frailty instruments: a multi-
centre 1-year follow-up in hospitalized older patients. PLoS ONE. 
2012;7:e29090.

 13. Di Bari M, Balzi D, Roberts AT, et al. Prognostic stratification of older 
persons based on simple administrative data: development and valida-
tion of the “Silver Code,” to be used in emergency department triage. 
J Gerontol A Biol Sci Med Sci. 2010;65:159–164.

 14. Bernabeu-Wittel M, Formiga F, Ollero-Baturone M. A new prog-
nostic index centered on polypathological patients. The PROFUnD 
index. J Gerontol A  Biol Sci Med Sci. 2011;66:1393–1394; author 
reply 1395.

 15. Vincent Jl, de Mendonça A, Cantraine F, et al. Use of the SOFA score 
to assess the incidence of organ dysfunction/failure in intensive care 
units: results of a multicenter, prospective study. Working group on 
“sepsis-related problems” of the European Society of Intensive Care 
Medicine. Crit Care Med. 1998;26:1793–1800.

 16. Cabré l, Mancebo J, Solsona JF, et al. Multicenter study of the multi-
ple organ dysfunction syndrome in intensive care units: the usefulness 
of Sequential Organ Failure Assessment scores in decision making. 
Intensive Care Med. 2005;31:927–933.

 17. Vincent Jl, Moreno R, Takala J, et  al. The SOFA (Sepsis-related 
Organ Failure Assessment) score to describe organ dysfunction/fail-
ure. On behalf of the Working Group on Sepsis-Related Problems of 
the European Society of Intensive Care Medicine. Intensive Care Med. 
1996;22:707–710.

 18. Moreno R, Vincent Jl, Matos R, et al. The use of maximum SOFA 
score to quantify organ dysfunction/failure in intensive care. Results 
of a prospective, multicentre study. Working Group on Sepsis related 
Problems of the ESICM. Intensive Care Med. 1999;25:686–696.

D
ow

nloaded from
 https://academ

ic.oup.com
/biom

edgerontology/article/68/10/1291/568374 by guest on 09 April 2024

http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glt020/-/DC1
http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glt020/-/DC1


 SOFA SCORE PREDICTS 30-DAY MORTALITY 1295

 19. Katz S, Ford AB, Moskowitz RW, Jackson BA, Jaffe MW. Studies 
of illness in the aged. The Index of ADl: a standardized measure of 
biological and psychosocial function. JAMA. 1963;185:914–919.

 20. Stratton RJ, Hackston A, longmore D, et al. Malnutrition in hospital 
outpatients and inpatients: prevalence, concurrent validity and ease of 
use of the ‘malnutrition universal screening tool’ (‘MUST’) for adults. 
Br J Nutr. 2004;92:799–808.

 21. Charlson ME, Pompei P, Ales Kl, MacKenzie CR. A new method of 
classifying prognostic comorbidity in longitudinal studies: develop-
ment and validation. J Chronic Dis. 1987;40:373–383.

 22. youden WJ. Index for rating diagnostic tests. Cancer. 1950;3:32–35.
 23. Kerr KF, McClelland Rl, Brown ER, lumley T. Evaluating the 

incremental value of new biomarkers with integrated discrimination 
improvement. Am J Epidemiol. 2011;174:364–374.

 24. Steyerberg EW, Harrell FE Jr, Borsboom GJ, Eijkemans MJ, Vergouwe 
y, Habbema JD. Internal validation of predictive models: efficiency of 
some procedures for logistic regression analysis. J Clin Epidemiol. 
2001;54:774–781.

 25. Sleiman I, Rozzini R, Barbisoni P, et al. Functional trajectories dur-
ing hospitalization: a prognostic sign for elderly patients. J Gerontol 
A Biol Sci Med Sci. 2009;64:659–663.

 26. Hood E, Bhangu A, Pandit D, Michael A. Is age a predictor of 
mortality in a U.K.  medical high dependency unit? Br J Anaesth. 
2011;107:186–192.

 27. Torres OH, Francia E, longobardi V, Gich I, Benito S, Ruiz D. Short- 
and long-term outcomes of older patients in intermediate care units. 
Intensive Care Med. 2006;32:1052–1059.

 28. Djaiani G, Ridley S. Outcome of intensive care in the elderly. 
Anaesthesia. 1997;52:1130–1136.

 29. Somme D, Maillet JM, Gisselbrecht M, novara A, Ract C, Fagon Jy. 
Critically ill old and the oldest-old patients in intensive care: short- 
and long-term outcomes. Intensive Care Med. 2003;29:2137–2143.

 30. Bellelli G, Bernardini B, Pievani M, Frisoni GB, Guaita A, Trabucchi 
M. A score to predict the development of adverse clinical events 
after transition from acute hospital wards to post-acute care settings. 
Rejuvenation Res. 2012;15:553–563.

 31. Guerini F, Frisoni GB, Morghen S, Speciale S, Bellelli G, Trabucchi 
M. Clinical instability as a predictor of negative outcomes among 
elderly patients admitted to a rehabilitation ward. J Am Med Dir 
Assoc. 2010;11:443–448.

 32. Donini lM, De Bernardini l, De Felice MR, Savina C, Coletti C, 
Cannella C. Effect of nutritional status on clinical outcome in a 
population of geriatric rehabilitation patients. Aging Clin Exp Res. 
2004;16:132–138.

 33. Cereda E, Pedrolli C, Zagami A, et al. nutritional screening and mor-
tality in newly institutionalised elderly: a comparison between the 
geriatric nutritional risk index and the mini nutritional assessment. 
Clin Nutr. 2011;30:793–798.

D
ow

nloaded from
 https://academ

ic.oup.com
/biom

edgerontology/article/68/10/1291/568374 by guest on 09 April 2024


