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Abstract. – OBJECTIVE: Sepsis is a life-threat-
ening disease resulting from the interaction be-
tween pathogen and host response; its dysreg-
ulation causes organ dysfunction, high mor-
bidity, and mortality. Despite the increase of 
septic patients admitted to Internal Medicine 
wards, data about clinical predictors of mor-
tality in this setting are still lacking. The aim 
of this study was to evaluate the role of MEDS 
score and vitamin D as predictors of mortality 
(28-day and 90-day) in septic patients admitted 
to the Internal Medicine department.

PATIENT S AND METHODS: Prospectively col-
lected clinical data, lab tests including vitamin D, 
and clinical scores (SIRS, MEDS, SCS, REMS, SO-
FA, qSOFA) were retrospectively analyzed. Eighty-
eight microbiologically identified septic patients 
(median age 75 years old, IQR 65-82 years old; 
range 37-94 years old) were evaluated. 

RESULTS: Twenty-three patients (26.1%) died 
at 28 days, 33 (37.5%) died at 90 days. The logis-
tic regression showed a positive effect of MEDS 
score (p=0.006; OR 1.24, 95% CI 1.08-1.49), and a 
negative effect of low vitamin D levels (p=0.008, 
OR 0.83, 95% CI 0.72-0.94) on mortality. More-
over, the cut-off of 7 points for MEDS score and 
of 7 ng/ml for vitamin D levels significantly pre-
dicted poor prognosis at 28 and 90 days.

CONCLUSIONS: MEDS score and vitamin D 
levels represent independent predictors of mor-
tality in a cohort of Internal Medicine septic pa-
tients. Further studies on larger samples are 
needed to confirm our results and to clarify the 
pathophysiological mechanisms at the basis of 
vitamin D deficiency as a predictor of mortality 
in septic patients.

Key Words
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Introduction

Sepsis is one of the deadliest diseases of all 
times. It represents one of the major burdens of 
the healthcare system and it is responsible for mil-
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lions of “preventable” deaths every year, world-
wide1. Basing on the data from hospital-treated 
sepsis in high-income countries, it accounts for 30 
million episodes and 6 million deaths per year1,2. 
It has been estimated that sepsis causes or con-
tributes to approximately half of all deaths occur-
ring in hospitals, representing the most expensive 
condition treated in the US hospitals3,4. According 
to the World Health Assembly, the prevention, di-
agnosis, and treatment of sepsis should be consid-
ered a global health priority1. 

Although most of our knowledge about sep-
sis is derived from the Intensive Care Unit (ICU) 
patients, the majority of patients at risk for de-
veloping this syndrome are commonly admitted 
to non-ICU wards5-9. The mortality rates are still 
high, and there is a lack of literature data on this 
population. In other words, the data about patients 
who could develop sepsis and how they should 
be treated are lacking from locations (non-ICU 
wards) where sepsis is thought to be more com-
mon and associated with the poorest outcomes 
(non-ICU wards)10. However, the Internists’ in-
terest for sepsis has constantly grown during the 
last years, and a generalized need for knowledge 
has been shown11-14. The clinical prognostic scores 
(i.e., SOFA) commonly used in the routine clinical 
practice have been usually developed in ICU and/
or in Emergency Departments (ED) and have not 
been extensively validated in the Internal Medi-
cine (IM) setting13,15. Among those tested, only a 
few showed good reliabilities to predict mortal-
ity16. However, their performance was poor and 
inadequate for elderlies, given the burden of co-
morbidities influencing their prognosis. At pres-
ent, there is uncertainty about the clinical score to 
use for Internal Medicine septic patients. 

In the last decade, “nonclassical” effects of 
vitamin D, such as immunomodulation, have 
been emphasized besides its role on calcium 
and bone homeostasis. In particular, vitamin D 
seems to be able to regulate innate and adaptive 
immunity17. Moreover, an association between 
the low levels of vitamin D and high-risk of sep-
sis, including poor sepsis-related outcomes (e.g., 
mortality, length of hospitalization), have been 
observed in critically ill patients, although study 
results are still heterogeneous18-21. The great-
er susceptibility to infections among patients 
with vitamin D deficiency could be explained, 
at least in part, by the reduced expression of vi-
tamin-D-dependent antimicrobial peptides (e.g., 
cathelicidin and defensin)22. Currently, the only 
interventional trial (VITdAL-ICU)23 aiming to 

demonstrate a reduction of hospital length of stay 
in critically ill septic patients by vitamin D sup-
plementation did not reach the primary outcome. 
However, reduced in-hospital mortality among 
severely deficient patients was observed23. Other 
interventional trials are still ongoing (e.g., VIT-
DALIZE, VIOLET)24-25. As a matter of fact, ICU 
septic patients show a high prevalence of vita-
min D deficiency19,20. To the best of our knowl-
edge, only one study evaluated and indicated the 
vitamin D deficiency among Internal Medicine 
septic patients26. 

The present study evaluated the role of MEDS 
score and vitamin D levels as predictors of mortal-
ity in a cohort of patients affected by microbiolog-
ical identified bloodstream infections, admitted to 
the Internal Medicine Department.

Patients and Methods

Patients
An active surveillance program for sepsis was 

conducted from January 2014 to December 2014 
between two Internal Medicine Inpatient Units 
(75 total inpatient beds) of the “Agostino Gemel-
li” University Hospital, Catholic University of 
Rome, Italy. The surveillance was conducted by 
the Internal Medicine Sepsis Study Group. Ac-
cording to this program, every patient, for whom 
the managing physician had requested blood cul-
tures, was evaluated (screening phase). Thus, a 
total of 226 patients were consecutively screened. 
The screening program consisted in the collec-
tion of clinical data (gender, age, body mass in-
dex, vital signs, mental status, risk factors for 
infection, risk factors for multidrug-resistant in-
fection, co-morbidities), clinical scores [System-
ic Inflammatory Response Syndrome (SIRS); 
Mortality in the Emergency Department Sepsis 
(MEDS); Simple Clinical Score (SCS); Rapid 
Emergency Medicine Score (REMS); Sequential 
Organ Failure Assessment (SOFA, see further)], 
and laboratory results (blood tests, blood gas 
analysis, C-reactive protein, procalcitonin, lac-
tates). The vitamin D levels, β-D-glucan, and ga-
lactomannan were also recorded. The diagnosis 
of sepsis was based on Sepsis-2 definition27. The 
evaluation of qSOFA was retrospectively per-
formed, according to SEPSIS-3 definition28. The 
inclusion criteria were: both diagnosis of sepsis 
and positivity of blood cultures for clinically sig-
nificant pathogens. The exclusion criteria were: 
the absence of one of the two inclusion criteria 
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or blood culture positivity for contaminant mi-
croorganisms (e.g., coagulase-negative staphy-
lococci, propionibacterium, corynebacterium, 
micrococcus). In this last case, an agreement 
between the managing physician and the Infec-
tious Diseases consultant was obtained. Among 
226 screened patients, 138 (61.1%) have been ex-
cluded for the reasons showed in Figure 1. Thus, 
a total of 88 microbiologically-identified septic 
patients (38.9% of the screened sample) were 
evaluated for the study. All patients received 
an empirical antibiotic treatment, subsequently 
de-escalated on the basis of blood cultures and/
or Infectious Diseases consultation, as decided 
by the managing physician.

Methods
The data prospectively acquired from medical 

records were retrospectively reviewed to collect 
the data of microbiologically-identified septic pa-
tients at admission, at 48 h and 7 days from ad-
mission. The information on 28-day and 90-day 
mortality was acquired from medical records or 
by telephone contact. The study was conducted in 
accordance with the local Ethic Committee dispo-
sitions. Given the observational, non-intervention-
al design, the informed consent was waived. The 
vital signs included systolic, diastolic and mean 
blood pressure, pulse rate, oxygen saturation, re-
spiratory rate, body temperature, diuresis, and flu-
id balance. The mental status was assessed by the 
Glasgow Coma Scale (GCS)29. The body mass in-
dex was calculated as the body mass divided by the 

square of the body height (kg/m2)30. Age > 65 years 
old, immunosuppression, diabetes, surgery in the 
previous 6 months, active neoplasms, implanted 
devices (i.e., urinary catheter, central venous cath-
eter, heart valves, and pacemaker) were considered 
as risk factors for infection5,7,8. Moreover, immuno-
suppression, antibiotic treatment in the previous 6 
months, MDR infection in the previous 6 months, 
hemodialysis, recent hospitalization or residing in 
long term facilities were considered as risk factors 
for MDR infection5. MEDS is a clinical prediction 
rule for the mortality rate in patients undergoing 
blood cultures in the ED, where it was validated31. 
It stratifies patients according to the risk of death 
by considering 9 items (terminal disease, respira-
tory difficulty, septic shock, low platelets count, 
bands > 5%, age > 65 years old, low respiratory 
tract infection, nursing home resident, altered men-
tal status) and attributing them a score. The total 
score ranges from 0 to 27. Patients scoring ≤ 4 are 
classified as “very low-risk” (1.1% of mortality 
according to the validation study), those scoring 
5-7 are classified as “low-risk” (4.4% mortality). 
A score ranging of 8-12 is considered “moderate 
risk” (9.3% mortality), the range 13-15 corresponds 
to “high-risk” (16.1% mortality), while scores > 15 
are considered as “very high-risk” (39% mortali-
ty). SCS represents a score to predict mortality, 
validated among patients affected by acute medi-
cal diseases32. It considers sixteen items predictors 
of 30-days mortality (age, blood pressure, heart 
rate, temperature, oxygen saturation, respiratory 
rate, abnormal ECG, breathless on presentation, 

Figure 1. The number of patients 
evaluated for study inclusion, the number 
of patients excluded from the study with 
relative reason, the number of patients 
included in the study. 
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diabetes, coma without intoxication, altered men-
tal status, new stroke on presentation, inability to 
stand unaided, and pre-existing bedridden status). 
The total score ranges from 0 to 41. Patients scor-
ing < 4 are classified as “very low-risk” (0.1% of 
mortality according to the original study), those 
scoring 4-5 are classified as “low-risk” (1.5% mor-
tality), those scoring 6-7 are considered at “average 
risk” (3.9% mortality). The range 8-11 corresponds 
to “high-risk” (10.3% mortality), while scores ≥12 
are considered as “very high-risk” (34.4% mortali-
ty). According to the validation study, SCS’s curve 
for 30-day mortality showed an AUC of 0.85-0.9. 
REMS represents a score developed to predict 
in-hospital mortality among patients admitted to 
ED for non-surgical diseases33. It considers mean 
arterial pressure, heart rate, respiratory rate, pe-
ripheral oxygen saturation, Glasgow Coma Scale 
score, and age. The total score ranges from 0 to 
26. The highest scores predict the highest mortal-
ity rate. The AUC for predicting in-hospital mor-
tality is 0.85. SOFA was developed in the 90s by 
the European Society of Intensive Care Medicine 
to assess the severity of organ dysfunction associ-
ated with sepsis34. It considers six organ functions 
(e.g., respiration, coagulation, liver, cardiovascu-
lar, central nervous system, renal) and attributes to 
each one a score from 1 to 4, where 1 represents 
low dysfunction and 4 represents severe dysfunc-
tion. At present, SOFA has the best performance 
among other scores to predict in-hospital mortality 
among ICU patients and its use is recommended 
by SEPSIS-3 guidelines35. The qSOFA represents a 
new and simple, score to predict the risk of infec-
tion and mortality of patients outside ICU35. This 
score is based on 3 clinical variables (e.g., respira-
tory rate ≥ 22, systolic blood pressure ≤ 100 mmHg 
and altered mental status) and it does not use any 
laboratory test result. The qSOFA showed a high 
predictivity, particularly when applied to patients 
treated outside ICU. However, the Sepsis-3 task 
force is explicitly stating the need for the validation 
of a new score using non-US databases of patients, 
and a study conducted on a Greek cohort of pa-
tients failed to show a high sensitivity of qSOFA 
for the early prediction of mortality outside ICU15. 
The vitamin D assay was performed as part of the 
routine laboratory examinations for septic patients. 
We considered the vitamin D levels suggested by 
the Endocrine Society guidelines (vitamin D defi-
ciency: 25(OH)D ≤ 19.9 ng/mL; vitamin D insuf-
ficiency: 20-29.9 ng/mL; vitamin D normal group: 
≥ 30 ng/mL)36. A subgroup < 7 ng/ml, with severe 
deficiency, was also identified.

Statistical Analysis
Several statistical procedures were applied for 

the analysis of data, both descriptive and infer-
ential, whose results are reported throughout the 
paper. The ultimate goal of the analysis was to 
determine which predictors, among the initial set 
of 34 candidate predictors, affect 28-day and 90-
day mortality in a logistic regression framework, 
respectively. Due to a large number of candidates, 
a two-stage analysis strategy was first adopted to 
find few predictors to be eventually used in the 
logistic regression. At the first stage, a very pre-
liminary screening was done by performing an 
individual significance test for each candidate 
predictor. In particular, each numerical variable 
out of 20 was tested through a two-sample Wil-
coxon test, aiming at assessing mean differences 
between the group of deceased vs. that of non-de-
ceased patients. On the other hand, a standard 
Chi-square test of independence in a two-way 
contingency table was used for testing the influ-
ence of each of the 14 categorical variables on 
mortality. In both cases, the variables with related 
p-values < 0.20 were retained for the second stage 
of the analysis strategy, where a stepwise logis-
tic regression was run for selecting a definite few 
numbers of predictors; the BIC criterion was used 
for the application of the stepwise procedure. This 
two-stage strategy was repeated for both 28-day 
and 90-day mortality. Afterward, the predictors 
previously selected were included in a logistic re-
gression model for an in-depth study on their ef-
fect at 28-day and 90-day mortality, respectively. 
For the correct application of logistic regression, 
the standard model checking techniques were run 
to assess the model adequacy and thus to validate 
the analysis method. To supplement logistic re-
gression, an additional ROC curve analysis was 
done to compare the predictive ability of the rel-
evant predictors. All the computations were car-
ried out by using the free software R36.

Results

The main clinical characteristics of the eval-
uated sample are summarized in Table I. A total 
of 46 patients (52.3%) showed criteria for severe 
sepsis and 26 (29.5%) for septic shock. Among 
the 88 enrolled patients, 51 (57.9%) were male, 
with a 75 years old median age (IR 65-82 years 
old, range 37-94 years old). Three patients (3.4%) 
have been transferred to ICU. The median BMI 
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was 24.59 kg/m2. A total of 36 patients (40.9%) 
were immunosuppressed, 32 (35.9%) were dia-
betic, 35 (39.3%) were affected by neoplasms, 62 
(70.4%) had received an antibiotic treatment in 
the previous 6 months, and 14 (15.9%) had had 
an MDR infection in the previous 6 months. A 
total of 66 (75%) patients were carriers of a vesci-
cal or central venous catheter. Finally, 21 patients 
(23.9%) were affected by an end-stage illness. 
The median systolic pressure was 83 mmHg (IR 
73-90, range 51-115), the mean lactate level was 
2.02±2 mmol/l, the median PCT 2.79 ng/ml (IR 
0.7-19.2, range 0-100), the median SCS 10.39 (IR 
6-13, 63% classified as high or very high-risk), 
the mean SOFA 10.3+/-4.6, the mean MEDS 
10.12±4.4, REMS 7.47±3.1, the mean qSOFA 
1.02±0.9. The gram-negative bacteria represented 
the 47.1% of sepsis, the gram-positive accounted 
for 44.6%, while the fungi were 8.3% of the total. 
The vitamin D levels were available for 77 out of 
88 patients. A total of 75 (97.4%) patients showed 
insufficient vitamin D levels (< 30 ng/ml), while 
44 of them (57.1%) showed a severe vitamin D de-
ficiency (< 7 ng/ml). A total of 23 patients (26.1%) 
did not survive beyond day 28, while 33 of them 
(37.5%) did not survive beyond day 90 from the 
admission.

28-Day Mortality
At the first stage of our two-stage analysis 

strategy, the results from the two-sample Wil-
coxon tests and the Chi-square tests of indepen-
dence showed that the predictors to be retained 
for the subsequent stepwise logistic regres-
sion were: low BMI (p=0.08), low urine out-
put (p=0.09), age (p=0.06), MEDS (p=0.0001), 
pO2/FiO2 (p=0.001), qSOFA (p=0.001), REMS 
(p=0.11), SCS (p=0.007), low vitamin D lev-
els (p=0.11), antibiotic treatment during the pri-
or 6 months (p=0.037), MDR infection during 
the prior 6 months (p=0.02), end-stage disease 
(p=0.001), parenteral nutrition (p=0.05), SCS’s 
risk (p=0.033). Lactates (p=0.66), procalcitonin 
(p=0.77), SOFA at T0 (p=0.25) and SOFA at T2 
(p=0.72) did not show any influence on 28-day 
mortality, thus they were excluded from the next 
analyses. At the second stage of the analysis, the 
stepwise logistic regression led to MEDS score 
and low vitamin D levels as the important pre-
dictors of 28-day mortality. Then, the logistic re-
gression in these two predictors showed a positive 
effect of MEDS score (p=0.003; OR 1.30, 95% CI 
1.11-1.61), and a negative effect of low vitamin D 
levels (p=0.099, OR 0.87, 95% CI 0.73-0.99). Fig-

ure 2 displays the ROC curves of MEDS score 
and the vitamin D levels for 28-day mortality. 
The AUC of MEDS score was 0.77 (95% CI 0.65 
to 0.88), while the AUC of low vitamin D levels 
was 0.61 (95% CI 0.47 to 0.75); their comparison 
seems to suggest a better predictive ability of 
MEDS score with respect to low vitamin D levels 
(p=0.08). This conclusion is in agreement with 
the results of the previous logistic regression, 
where the evidence of the importance of MEDS 
score (p=0.003) was much stronger than that of 
low vitamin D levels (p=0.09).

90-Day Mortality
The preliminary screening for 90-day mor-

tality, by means of two-sample Wilcoxon tests 
and Chi-square tests of independence, point-
ed to the following predictors to be used in 
the next stepwise regression: positive fluids 
balance (p=0.02), low urine output (p=0.06), 
age (p=0.03), MEDS (p=0.0003), pO2/FiO2 
(p=0.009), qSOFA (p=0.01), SCS (p=0.002), 
SOFA T0 (p=0.18), low vitamin D levels 
(p=0.007), MDR infection during the prior 6 
months (p=0.10), end-stage disease (p=0.008), 
parenteral nutrition (p=0.17), SCS’s risk class 
(p=0.004). REMS (p=0.50), BMI (p=0.44), 
lactates (p=0.42), procalcitonin (p=0.23) and 
SOFA at T2 (p=0.88) did not show any signif-
icant influence on 90-day mortality, thus they 
were excluded from the next analyses.

Figure 2. The ROC curves of MEDS score and vitamin D 
levels for 28-days mortality.
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The stepwise logistic regression still indicated 
the MEDS score and low vitamin D levels as the 
important predictors. Then, the logistic regres-
sion in these two predictors showed a positive ef-
fect of MEDS score (p=0.006; OR 1.24, 95% CI 
1.08-1.49), and a negative effect of low vitamin D 
levels (p=0.008, OR 0.83, 95% CI 0.72-0.94).

Figure 3 displays the ROC curves of MEDS 
score and vitamin D levels for 90-day mortality. 
The AUC of MEDS score was 0.73 (95% CI 0.61 
to 0.83), while the AUC of low vitamin D levels 
was 0.67 (95% CI 0.56 to 0.78); their comparison 
nearly indicates the same predictive ability of the 
two predictors (p=0.48). This conclusion is still 
in agreement with the results of the previous lo-
gistic regression, where p-values of MEDS score 
(p=0.006) and low vitamin D levels (p=0.008) 
were in a quite close accordance.

Table II shows 28-day and 90-day mortality 
rates observed in our sample of patients compared 
to the mortality rates observed by Shapiro et al30 

and by Hermans et al37 during the validation of 
MEDS in a cohort of patients admitted to EDs.  
Basing on the excess of mortality found among 
our patients classified as “moderate risk” by 
MEDS with respect to those of validation cohorts 
(Table II), patients were divided into two groups 
(low-risk patients vs. high-risk patients) using as 
cut-off a MEDS score of 7 points. In other words, 
we compared very low/low-risk patients vs. mod-
erate/high/very high-risk patients. To accomplish 
this, two-sample tests for equality of proportion 
were carried out. Consistently with previous re-
sults, a significantly higher proportion of mor-
tality was found at 28-day among high-risk vs. 
low-risk patients (30.5% vs. 6.25%, p=0.045). A 
significantly higher proportion of mortality at 90-
day was found among high-risk vs. low-risk pa-
tients (43% vs. 12.5%, p=0.022). Figure 4 shows 
Kaplan-Meyer curves for differences in survival 

Figure 3. The ROC curves of MEDS score and vitamin D 
levels for 90-days mortality.

Figure 4. The Kaplan-Meyer curves for differences in 
survival proportion according to modified MEDS categories.

Table II. Mortality rates at 28-days and 90-days observed in our sample of patients and in those studied by Shapiro et al30 and by 
Hermans et al37.

MEDS  28-days  90-days Shapiro et al30 Hermans et al37

 mortality n (%) mortality n (%) (%) (%) 

Very low-risk 1 (4.3) 1 (3.0) 1.1 3.1
Low-risk 0 (0.0) 1 (3.0) 4.4 5.3
Moderate risk 11 (47.8) 19 (57.6) 9.3 17.3
High-risk 2 (8.7) 3 (9.1) 16.1 40
Very high-risk 9 (39.7) 9 (27.3) 39 77.8
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proportion according to modified MEDS catego-
ries (p=0.026). Similarly, we explored the possi-
bility to divide patients into two groups basing on 
their levels of vitamin D (low vs. high vitamin D 
levels), considering levels < 7 ng/ml (severe vi-
tamin D deficiency) as cut-off. Consistently with 
previous results, a higher proportion of mortality 
was found at 28-day among patients with low vs. 
high vitamin D levels, without reaching statisti-
cal significance (29.5% vs. 15.2%, p=0.0698). A 
significantly higher proportion of mortality at 90-
day was found among patients with low vs. high 
vitamin D levels (47.7% vs. 21.2%, p=0.0083). 
Figure 5 shows the Kaplan-Meyer curves for the 
differences in the survival proportion according 
to vitamin D levels (p=0.0202).

Discussion

The present investigation shows that MEDS 
score and low vitamin D levels are independent 
predictors of mortality, both at 28 days and at 
90 days, in a cohort of microbiologically identi-
fied septic patients admitted to an Internal Med-
icine Inpatient Unit. There is a lack of data on 
clinical scores to predict the mortality of septic 
patients admitted to Internal Medicine wards13. 
According to some Authors, SCS and REMS 
could show the best performance in this setting 

when compared to MEDS and MEWS (modified 
early warning score)16. With this regard, a Italian 
study confirmed the lack of utility of MEWS in 
a similar population of septic patients39. Howev-
er, if from one hand clinical characteristics of 
Internal Medicine patients (e.g., older age, clini-
cal heterogeneity, multiple chronic diseases, and 
drug treatments) are thought to reduce the per-
formances of most of the clinical scores16, on the 
other hand, they increase the need for develop-
ing new ones or, at least, for validating old ones 
in this setting. In line with the literature data, 
our patients were elderly, with normal BMI14. A 
high prevalence of immunosuppression (41%), 
diabetes (40%) and neoplasms (39%) was found. 
Moreover, the majority of evaluated patients 
showed risk factors predisposing to infections7,8. 
The lactates levels were substantially normal, 
meaning that patients were not in the septic shock 
phase. The median procalcitonin levels were 
high, above the cut-off for sepsis (> 2 mmol/l). 
The mean SOFA score was high, while the mean 
qSOFA was low. These results confirm, at least 
in part, those by Giamarellos-Bourboulis et al15 
who found that SOFA showed a better sensitivity 
with respect to qSOFA for the early risk assess-
ment of septic patients outside ICU. The preva-
lence of Gram-negative infections was slightly 
higher than Gram-positive, in line with the recent 
literature40,41. In addition, the 28-day and 90-day 
mortality was in line with the expected ones7-9,28. 
Contrarily to what expected42, but in line with 
most of the literature, lactates, procalcitonin, and 
SOFA did not show any significant prediction 
of mortality14. On the contrary, qSOFA scores 
showed a significant association with mortality. 
This observation is in line with the literature data 
considering qSOFA as the score of choice for the 
identification of patients at risk of infection and 
poor prognosis in non-ICU wards35,43. Neverthe-
less, in our sample qSOFA was not an indepen-
dent predictor of mortality. 

In the current work, the only two indepen-
dent predictors of mortality were MEDS score 
and low vitamin D levels. The utility of MEDS 
in predicting mortality is intelligible: it represents 
a score based on clinical parameters and risk fac-
tors for infection and disability, validated in the 
emergency setting31. However, this score did not 
perfectly fit with Internal Medicine patients. In 
fact, an excess of death among patients catego-
rized as “moderate risk” has been observed in our 
sample with respect to the validation cohort. With 
this regard, a cut-off score of 7 (low vs. high-risk 

Figure 5. The Kaplan-Meyer curves for differences in 
survival proportion according to vitamin D levels.
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patients) identified our patients at higher risk of 
mortality (Figure 4). This observation needs fur-
ther confirmation and validation in a larger sam-
ple of Internal Medicine patients.

In line with the ICU literature and whit the 
only study available from Internal Medicine 
setting, the prevalence of vitamin D insufficien-
cy was markedly high in our sample of patients 
(97.4%)27. Moreover, 57.1% of our septic patients 
showed severe vitamin D deficiency. According 
to the Italian Society for Osteoporosis, Mineral 
Metabolism and Bone Diseases (SIOMMMS) the 
prevalence of vitamin D deficiency reaches about 
86% among Italian women over 70-year-old at the 
end of winter season44. Moreover, this prevalence 
grows exponentially among institutionalized sub-
jects or among those with other concurrent dis-
eases44. The high prevalence of severe vitamin D 
deficiency in our sample could confirm the sus-
ceptibility of this typology of patients (e.g., co-
morbid, elderly, institutionalized) to infections 
and sepsis. Moreover, a cut-off value of 7 ng/ml 
significantly predicted a higher risk of mortality 
(Figure 5). This observation needs future epide-
miological studies in order to understand if the 
low vitamin D levels represent a causal factor 
for sepsis due to a reduced immune function, or 
an epiphenomenon due to increased tissue utili-
zation associated to the inflammatory status45. 
Whether this observation could be related to the 
sepsis-associated immune paralysis remains to be 
understood46. Finally, as showed by ROC curves, 
the MEDS score represents a reliable test to pre-
dict mortality in our sample of septic patients. It 
is impressive that the simple value of vitamin D 
shows similar results in terms of AUC. Howev-
er, as shown in Figure 4 and Figure 5, the AUC 
curves for 28-day and 90-day mortality are far 
from being optimal. 

Conclusions

Sepsis represents a frequent disease for In-
ternists and its approach is highly challenging. 
Although the increasing number of trials explor-
ing this syndrome, there is ongoing uncertainty 
around the optimal management47, probably be-
cause of the complexity of the syndrome and the 
high heterogeneity of septic populations48. Thus, 
“the certainty of evidence in what to do in sepsis 
has declined year over year”47. The present work 
shows for the first time that MEDS score and 
vitamin D represent two useful tests to predict 

prognosis of septic patients admitted to Internal 
Medicine wards. Currently, the role of vitamin D 
deficiency in predicting or influencing mortality 
of septic patients is not completely understood. 
We are far from having perfectly fitting tests, but 
they represent a reasonable start point for future 
studies in this setting. 
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