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Low hemoglobin levels are associated with
upper gastrointestinal bleeding
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Abstract. Upper gastrointestinal (GI) bleeding can be fatal.
Blood test variables were reviewed in search of threshold
values to detect the presence of occult upper GI bleeding.
The records of 1,023 patients who underwent endoscopy at
the National Hospital Organization Shimoshizu Hospital
from October 2014, to September 2015, were retrospectively
reviewed. Of those, 95 had upper GI bleeding. One-way
analysis of variance was applied to blood test variables
comparing patients with and without upper GI bleeding.
Logistic regression analysis was applied to detect the
association of blood test parameters with upper GI bleeding,
and receiver-operator characteristics were applied to
establish threshold values. White blood cell count (WBC),
platelet (PIt) count, and blood urea nitrogen (BUN) levels
were higher, and hemoglobin (Hb) and albumin (Alb) levels
were lower in patients with upper GI bleeding. Logistic
regression analysis showed that low Hb was significantly
associated with upper GI bleeding and a Hb value of 10.8 g/dl
was established as the threshold for the diagnosis. In patients
with upper GI bleeding, WBC, Plt count, and BUN levels
were higher and Hb and Alb levels were reduced. Hb at
10.8 g/dl was established as a threshold value to detect upper
GI bleeding.

Introduction

Upper gastrointestinal (GI) bleeding is defined as mucosal
bleeding from the proximal portion of the esophagus to the
ligament of Treitz. Upper GI bleeding is caused by gastric
ulcers, duodenal ulcers, and gastric cancer (1) and can be fatal,
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with a mortality rate of 3.5-7.4% (2,3). Currently, patients
with upper GI bleeding are diagnosed and treated with endos-
copy (4), and embolization with angiography is performed on
refractory patients (5,6). When patients develop hemodynamic
instability, the mortality rate rises to 40% (7). It is pivotal
that patients with upper GI bleeding are identified and treated
promptly to avoid hemodynamic crisis.

Identification of upper GI bleeding is essential to its
management. Glasgow Batchford Scores, Modified Early
Waning Score, and pre-endoscopic Rockall scores contribute to
the stratification of patients at risk for hemodynamic crisis, the
need for transfusion, and hospitalization (8). However, scoring
systems can fail to detect patients who are hemodynamically
stable despite upper GI bleeding. Not only is it important to
identify acute bleeding, but also to identify bleeding caused
by gastric cancer and other less acute conditions that require
intervention. Blood tests are non-invasive, rapid and inex-
pensive and offer a group of parameters in which thresholds
might suggest the presence of occult but significant upper GI
bleeding.

Thus, the aim of the present study was to establish threshold
values of screening blood tests to detect upper GI bleeding. A
retrospective investigation was conducted to compare blood
test variables between patients with or without upper GI
bleeding.

Materials and methods

Patients. Patients were selected from all of those who had
endoscopy at the National Hospital Organization Shimoshizu
Hospital, Yotsukaido, Chiba, Japan from October 2014, to
September 2015. Endoscopy was performed in 1,023 patients,
431 men (mean age 68.1+12.9 years), and 592 women
(66.4+12.3 years). Indications for endoscopy included
anemia, abdominal pain, and melena but also included some
screening procedures. The present study was approved by
the National Hospital Organization Shimoshizu Hospital
Ethics Committee. Since the procedures were performed as
part of our routine clinical care, written informed consent
for inclusion in the study was waived. Patient records were
depersonalized and retrospectively analyzed. Written
informed consent was obtained for the endoscopy from all
the patients.
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Table I. Number of patients with upper gastrointestinal
bleeding.

Type Patients (no.)

Gastric ulcer 5
Gastric cancer

Hemorrhagic gastritis

Reflux esophagitis

Duodenal ulcer

Acute gastric mucosal lesion

Esophageal varix

Total 95
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Table II. Comparison of blood test variables between patients
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Table III. Results of logistic regression analysis.

Variables Odds ratio 95% CI P-value
WBC 2.67 0.000-3350 0.801
Hb 495 1.007-6229 0.049
PIt 0212 0.0032-9.592 0432
Alb 2.26 0.535-122.4 0.670
BUN 0.118 0.000-16.12 0.420

CI, confidence interval; WBC, white blood cell count; Hb, hemo-
globin; Plt, platelet; Alb, albumin; BUN, blood urea nitrogen.

Table IV. Discriminatory threshold value for Hb.

with or without upper gastrointestinal bleeding. Area under  Threshold  Sensitivity =~ Specificity
Variable curve value (g/dl) (%) (%)

Upper gastrointestinal
bleeding (mean + SD) Hb 0.7867 10.8 62.5 91.6

Variables Normal range  Absent Present P-value  Hb, hemoglobin.

Age, years 69.3+139 69.3+129 0.983

Gender, m/f 459/812 53/42

WBC, 10°/ul 3.5-85 6.6£2.2 8.4+6.2 0.020

Hb, g/dl 13.5-17.0 12.8+2.0 9.7£3.1 <0.001

Plt, 10%/ul 15.0-350 239+6.7 30.0+159 0.005

CRP, mg/dl 0.0-0.3 1.0£2.5 24+3.8 0.074 -

TP, g/dl 6.7-8.3 6.8+0.6 8.0+9.6 0.298 E

Alb, g/dl 3.9-49 3.9+0.8 3.3%1.0 0.005 g’

ALP, U/ 115-359 267+263 275191  0.899 C?J

AST, IU/ 13-33 27432 140+585  0.083

ALT, TU/1 8-42 23+25 122+516  0.089

v-GTP, IU/1 10-47 51.4+89.8 108+261 0.213

LDH, IU/1 119-229 209+83 243+172 0242

UA, mg/dl 2.3-7.0 5.17+1.52 4.46+1.59 0.090 0 4 I I I I |

BUN, mg/dl 8.0-22.0 14750 18.8+129 0.043 0 02 04 06 08 1.0

Cre, mg/dl 0.40-0.70 1.78+2.02 0.77+0.26  0.490 e

TG, mg/dl 30-150 115462 9127  0.163 1-specificity

HDL, mg/dl 49-75 62.5+£189 56.7£26.7 0.392 Figure 1. Receiver-operator characteristics analysis. Receiver-operator

LDL (mg/dl 0-139 112429 09+48 0214 f:hara.cteris.tics analysis was pejrforrr.led in sear.ch of a t.hreshqld Va?ue for Fhe

BG mgdl 69104 Illss2 11335 ey el e o tosting Sold st i o i

HbAlc, % 47-6.2 5.8+0.7 7.1£3.5 0.107 line, reference.

SD, standard deviation; m, male; f, female; WBC, white blood
cell count; Hb, hemoglobin; Plt, platelet; CRP, C-reactive protein;
TP, total protein; Alb, albumin; ALP, alkaline phosphatase; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; y-GTP,
v-glutamyl transpeptidase; LDH, lactate dehydrogenase; UA, uric
acid; BUN, blood urea nitrogen; Cre, creatinine; TG, triglyceride;
HDL, high-density lipoprotein cholesterol; LDL, low-density lipo-
protein cholesterol; BG, blood glucose; HbAlc, hemoglobin Alc.

Endoscopy. The endoscopes used included Olympus models
GIF-N260H, GIF-XP260NS, GIF-PG260, GIF-XQ260, and
GIF-Q260 (Olympus Corp., Tokyo, Japan). Bleeding from a

gastric or duodenal ulcer was classified as a spurting vessel
(1a), an oozing vessel (1b), a visible vessel (2a), or a clot (2b),
according to the Forrest classification system (9). Table I shows
the diagnosis of patients.

Blood test variables. Screening blood tests included white
blood cell count (WBC), hemoglobin (Hb), platelet (Plt),
C-reactive protein (CRP), total protein, albumin (Alb),
alkaline phosphatase, aspartate aminotransferase, alanine
aminotransferase (ALT), y-glutamyl transpeptidase, lactate
dehydrogenase, uric acid, blood urea nitrogen (BUN), creati-
nine (Cre), triglycerides, high-density lipoprotein cholesterol,
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low-density lipoprotein cholesterol, blood glucose, and
HbAlc.

Statistical analysis. One-way analysis of variance was applied
to identify an association between blood test variables and the
presence of upper GI bleeding. Logistic regression analysis
was then used to correlate values linked to upper GI bleeding.
Receiver-operator characteristics analysis was finally applied
to establish threshold values. JMP software, version 10.0.2
(SAS Institute, Cary, NC, USA) was used for statistical
analysis.

Results

To identify blood test variables associated with upper GI
bleeding, one-way analysis of variance was performed. WBC
(P=0.02), PIt (P=0.005), and BUN (P=0.04) were elevated and
Hb (P<0.001) and Alb (P=0.005) were reduced in patients with
upper GI bleeding (Table II).

Logistic regression analysis was performed to reveal blood
test variables associated with upper GI bleeding (Table III).
Hb had a significant association with upper GI bleeding
(P=0.049) with an odds ratio of 45.9 (95% confidence interval,
0.007-6.229).

Since these results indicated that Hb might be a strong
discriminatory parameter, receiver-operator characteristics
were utilized to establish a threshold value for the existence
of upper GI bleeding (Fig. 1). The area under the curve
was 0.7867 and the threshold value calculated was 10.8 g/dl,
with a sensitivity of 62.5% and specificity of 91.6% (Table I'V).

Discussion

Blood test variables are easy to evaluate. Hoffmann et al (10)
investigated a number of blood test variables and demonstrated
that changes in WBC, Hb, PIt, CRP, ALT, and Cre levels are
associated with upper GI bleeding. In the present study, WBC,
PIt, and BUN were elevated, and Hb and Alb were reduced
in patients with upper GI bleeding. Elevated BUN and low
Alb have not been reported previously. BUN is known to be
produced through protein metabolism (11,12). Blood in the GI
tract is digested to protein, and is eventually metabolized to
urea (13,14). It is therefore reasonable to conclude that BUN
was elevated in patients with upper GI bleeding. Higher BUN
levels indicate more severe upper GI bleeding (15), and elevated
BUN can also discriminate upper from lower GI bleeding (16).
Furthermore, Alb is a marker of nutritional state (17) and can
reflect a severe state of upper GI bleeding (18). The results of
the present study were consistent with these observations.
Upper GI bleeding is sometimes fatal, and the European
Society of Gastrointestinal Endoscopy recommends main-
taining Hb levels between 7.0-9.0 g/dl using blood transfusion
in order to reduce mortality (19). In the present study, the
threshold value calculated to select patients at risk for ongoing
upper GI bleeding was 10.8 g/dl. Previously we calculated the
threshold value of Hb to be 11.7 g/dl. Our threshold values
were higher than the recommendation (19). It is possible
the present study included patients with mild upper GI
bleeding. Dahlerup ef al (20) reported that mild upper GI
bleeding includes patients with malignancy. Patients should
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be subjected to endoscopy before they develop hemodynamic
instability, and those who are hemodynamically stable but with
a Hb <10.8 g/dl may be recommended for endoscopy, since
diagnosis would improve management and treatment would
reduce the risk of further or delayed bleeding. One limitation
of the present study was that it was based on a small number of
patients with upper GI bleeding. Future studies with a greater
number of recruited patients should be undertaken.

In conclusion, WBC, Plt, and BUN were elevated and Hb
and Alb were lower in patients with upper GI bleeding. We
established that a threshold value of 10.8 g/dl of Hb suggests
the presence of upper GI bleeding and identifies patients at risk
for hemodynamic crisis.
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