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 This guideline presents recommendations for the step-wise management 

of patients with overt upper gastrointestinal bleeding. Hemodynamic 

status is first assessed, and resuscitation initiated as needed. Patients are 

risk-stratified based on features such as hemodynamic status, 

comorbidities, age, and laboratory tests. Pre-endoscopic erythromycin is 

considered to increase diagnostic yield at first endoscopy. Pre-

endoscopic proton pump inhibitor (PPI) may be considered to decrease 

the need for endoscopic therapy but does not improve clinical outcomes. 

Upper endoscopy is generally performed within 24h. The endoscopic 

features of ulcers direct further management. Patients with active 

bleeding or non-bleeding visible vessels receive endoscopic therapy 

(e.g., bipolar electrocoagulation, heater probe, sclerosant, clips) and 

those with an adherent clot may receive endoscopic therapy; these 

patients then receive intravenous PPI with a bolus followed by 

continuous infusion. Patients with flat spots or clean-based ulcers do not 

require endoscopic therapy or intensive PPI therapy. Recurrent bleeding 

after endoscopic therapy is treated with a second endoscopic treatment; 

if bleeding persists or recurs, treatment with surgery or interventional 

radiology is undertaken. Prevention of recurrent bleeding is based on the 

etiology of the bleeding ulcer. H. pylori is eradicated and after cure is 

documented anti-ulcer therapy is generally not given. Nonsteroidal anti-

inflammatory drugs (NSAIDs) are stopped; if they must be resumed 

low-dose COX-2-selective NSAID plus PPI is used. Patients with 

established cardiovascular disease who require aspirin should start PPI 

and generally re-institute aspirin soon after bleeding ceases (within 7 

days and ideally 1-3 days). Patients with idiopathic ulcers receive long-

term anti-ulcer therapy. 
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1. Introduction 

Peptic ulcer bleeding (PUB) is one of the most common medical emergencies presenting to hospitals around 

the world, with both a significant morbidity and a high mortality rate. The estimated annual incidence is 

about 19–57 cases per 100,000 people [1]. Peptic ulcer bleeding is responsible for almost half of the cases 

of upper gastrointestinal bleeding (UGIB) [2], [3]. Around 80–85% of PUB stops spontaneously and further 

endoscopic therapy is not required. However, those with recurrent bleeding have 10-fold higher mortality. 

Rebleeding occurs in as many as 10–30% of patients after primary endoscopic haemostasis [4]. A recent 

study has shown that mortality in patients after therapeutic endoscopy is related to patient age, presence of 

comorbid conditions, haemodynamic instability at admission, intra-hospital bleeding, recurrent bleeding, 

and need for surgery [5]. Age has been considered as a significant prognostic factor for adverse outcomes 

from PUB, including rebleeding and mortality [5], [6]. The risk is increased significantly in individuals 

aged ≥ 65 years and increases further in patients aged > 75 years [7– 10]. Unlike in younger patients, the 

presentation of peptic ulcer disease (PUD) in the elderly is insidious and odd, and therefore diagnosis is 

delayed. Current evidence suggests that Helicobacter pylori (HP) infection and non-steroidal anti-

inflammatory drugs (NSAIDs) increase the risk of PUB. However, the relationship between these two 

factors in the pathogenesis of PUD is still controversial. The risk of PUB is higher in patients with previous 

history of NSAIDs use than in patients who present with HP infection [11]. However, the outcome of PUB 

has not been shown to be negatively influenced by these drugs [12]. Over the last two decades, the optimal 

use of combined endoscopic haemostasis and the use of effective acid antisecretory drugs, together with 

eradication therapies against HP, have made progress in preventing recurrence of PUB. However, during 

the same period, the prescriptions of NSAIDs, oral anticoagulants, antiplatelet drugs, as well as selective 

serotonin reuptake inhibitors (SSRIs), have increased several-fold, especially among the elderly [13], [14]. 

The mortality rate from peptic ulcer bleeding is reported to be 5–10% [2], [3]. Recent data have shown that 

the majority of PUB patients die of non-bleeding-related causes [4]. Non-gastrointestinal comorbidities 

have been found to be an independent risk factor for upper gastrointestinal bleeding (UGIB). This could 

explain why the incidence of UGIB remains high in the elderly population [15]. Mortality arises from 

comorbid conditions, such as cardiopulmonary illnesses, multiple organ dysfunction syndrome, diabetes, 

and terminal malignancy, suggesting that improving management for the bleeding peptic ulcers may impact 

mortality by very little [16]. 

 

2. Vitamin D Metabolism 

The Vitamin D active form is produced in a multi-step process, including the ultraviolet B (UVB) rays’ 

irradiation of a cutaneous precursor [7-dehydro-cholesterol (7-DHC)], and two hydroxylation steps. In 

addition to the synthesis of Vitamin D, 7-DHC can be oriented toward the production of cholesterol by the 

7-DHC reductase (7-DHCR) enzyme, within the Kandutsch–Russell biochemical pathway, that occurs in 

the skin, brain, muscle and heart (Figure 1) [1]. Since 7-DHCR regulates the amount of DHC available for 

Vitamin D conversion, this enzyme represents the first limiting step for Vitamin D synthesis. UVB 

irradiation of 7-DHC forms the cholecalciferol, which undergoes first hydroxylation in the liver by a 25 

hydroxylase (CYP2R1, CYP3A4 and CYP27A1), generating 25(OH)D, and the second in the kidney by 

renal 1,25 hydroxylase (CYP27B1), producing 1,25, dihydroxyvitamin D [1,25(OH)2D]. The latter is 

released in blood to reach the bowel, where it regulates calcium absorption. However, 1,25 hydroxylase is 

present within various organs and cells, including the lung, brain, prostate, placenta and immune system 

cells, where the active Vitamin D can be synthesized to regulate some cellular processes, including cell 

differentiation and proliferation [7]. Renal CYP27B1 is up-regulated by the parathyroid hormone (PTH) 

and down-regulated by the fibroblast growth factor (FGF23) and 1,25(OH)2D, whereas extra-renal 

CYP27B1 is regulated by interferon γ (IFN-γ) and tumor necrosis factor (TNF) [7], [8]. Vitamin D binding 

protein (VDBP) transports both 25(OH)D and 1,25(OH)2D from the liver and kidney to other tissues, where 
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they are taken up throughout the plasma membrane by HSP70 [1], [9]. VDBP is a high-polymorphic gene, 

and, as a consequence, there is wide variability in the protein function. As a result, the individual’s response 

to Vitamin D supplementation varies according to the VDBP variants, influencing the amount of circulating 

exogenous protein-bound Vitamin D (see Section 5) [9]. Within the megalin cubilin complex- non-

expressing cells, 25(OH)D reaches mitochondria by HSP70, where it is converted in 1,25(OH)2D. Then, it 

can be transported to the nucleus, where it binds the Vitamin D receptor (VDR) [10], leading to the 

genomic and non-genomic actions (for more details on Vitamin D genomic and non-genomic actions see 

refs [11], [12]. Cellspecific factors, including transcription factors, can influence how a citotype responds to 

the VDR/ligand binding. Thus, different tissues display distinct feedbacks to the hormone since the 

CYP27B1 promoter region responds to different stimuli based on the cell types [1], [13]. For instance, 

1,25(OH)2D inhibits CYP27B1 in the renal cells, but not in macrophages. 

 

3. Studies on Vitamin D Supplementation 

A debated matter is whether low Vitamin D levels could be a modifiable risk factor for neurological and 

autoimmune diseases. Interventional studies are the most suitable to assess whether any molecule or its 

deficiency can expose a patient to the onset of a certain disease. To establish whether the optimal Vitamin D 

status could prevent the onset or modify the course of neurological, psychiatric and autoimmune diseases, 

supplementation studies have been performed. In autoimmune diseases patients, Vitamin D 

supplementation has been proven to ameliorate RA symptoms, such as pain, but evidence on a beneficial 

effect of Vitamin D supplementation in these patients is limited and needs to be further confirmed. Some 

authors reported cholecalciferol supplementation to be effective in decreasing disease activity and reducing 

fatigue in juvenile SLE patients. However, other studies documented a modest beneficial effect of 

supplementation in improving disease activity in adult SLE patients. Regarding the effect of Vitamin D 

supplementation in MS patients, a recent meta-analysis summarized findings from six RCTs to assess the 

impact of Vitamin D administration on the severity and progression of MS, as defined according to the 

Expanded Disability Status Scale (EDSS). The authors showed that different dosages and formulations of 

Vitamin D did not affect EDSS, compared to the placebo. Similar findings were achieved by Zheng et al. in 

an earlier meta-analysis demonstrating that Vitamin D administration had no effect on MS severity and 

progression according to the EDSS score and the annual relapse rate (ARR). Recently, Quirant-Sánchez et 

al. showed that a combined therapy based on the use of Vitamin D3 and tolerogenic dendritic cells (tolDC) 

plus interferon beta in a preclinical model of MS ameliorated the disease course compared to each 

monotherapy. Thus, a combined therapy based on antigen-specific VitD3- tolDC and IFN-beta could 

represent a promising strategy for MS. In neurodegenerative diseases, questionable results have been gained 

as well. Some authors evaluated the effect of Vitamin D supplementation in preventing the onset of AD, 

achieving controversial evidence. It should be noted that studies proving an impact of Vitamin D 

supplementation in cognition had limited populations and follow-up duration; therefore, no clear evidence 

of a significant influence of low Vitamin D levels on the risk of cognitive decline onset has been earned. 

Further, a recent RCT performed in critically ill adults with Vitamin D deficiency confirmed that 

supplementation does not improve cognition and executive function. 

 

4. Conclusions 

Vitamin D is one of the most studied vitamins worldwide and its biological activity in humans is still a 

captivating topic. Low Vitamin D levels occur among neurological, psychiatric and autoimmune patients, 

but the significance of such findings is far from being clear, either because low Vitamin D levels are 

common among healthy subjects, or because studies display several drawbacks that sharply weaken the 

significance of the results achieved. The main pitfalls can be summarized in two different categories: (i) 

analytical items, concerning laboratory choices of the assay methods used for 25(OH)D measurement, and 
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(ii) methodological issues, regarding the conceptualization and design of the study. From a strictly 

laboratory perspective, the former affects the reliability and reproducibility of the 25(OH)D measurement, 

and refers to the standardization issue, which has been deeply faced in the past decades without full success. 

In this regard, it should be taken into account that standardized assay methods are often expensive and not 

rapidto-perform, which hampers their use among healthcare systems and research laboratories. Regarding 

methodological issues, the discrepancies in the cut-offs used made it difficult to pool data, to the extent that 

most of the meta-analyses reviewed in the current article suggested interpreting findings with caution. In 

addition, the study set had a major role in weakening the significance of the results in some cases; for 

instance, short follow-up period longitudinal studies are not suitable for difficult-to-diagnose diseases such 

as AD. The current review has some limitations as well, including that it is not a systematic review and it 

takes into account only a part of the autoimmune, psychiatric and neurodegenerative diseases. Despite such 

limitations, it points out that Vitamin D’s role as a biomarker in these diseases, based on the studies 

reviewed, has not been proven. Although some authors reported that serum 25(OH)D is able to facilitate 

diagnosis and prognosis in AD, PD and some autoimmune pathologies, no evidence supports its use as a 

candidate marker for entering clinical practice. Additional concerns have been raised considering that 

autoimmune and neurodegenerative diseases already benefit from established biomarkers. 
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