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Abstract
AIM: To ascertain the role of cardiovascular risk factors, 
cardiovascular diseases, standard treatments and other 
diseases in the development of ischemic colitis (IC).

METHODS: A retrospective, case-control study was de-
signed, using matched data and covering 161 incident 
cases of IC who required admission to our hospital from 
1998 through 2003. IC was diagnosed on the basis of 
endoscopic findings and diagnostic or compatible his-
tology. Controls were randomly chosen from a cohort 

of patients who were admitted in the same period and 
required a colonoscopy, excluding those with diagnosis 
of colitis. Cases were matched with controls (ratio 1:2), 
by age and sex. A conditional logistic regression was 
performed. 

RESULTS: A total of 483 patients (161 cases, 322 con-
trols) were included; mean age 75.67 ± 10.03 years, 
55.9% women. The principal indications for colonos-
copy in the control group were lower gastrointestinal 
hemorrhage (35.4%), anemia (33.9%), abdominal pain 
(19.9%) and diarrhea (9.6%). The endoscopic findings 
in this group were hemorrhoids (25.5%), diverticular 
disease (30.4%), polyps (19.9%) and colorectal cancer 
(10.2%). The following variables were associated with 
IC in the univariate analysis: arterial hypertension (P  = 
0.033); dyslipidemia (P  < 0.001); diabetes mellitus (P  
= 0.025); peripheral arterial disease (P  = 0.004); heart 
failure (P  = 0.026); treatment with hypotensive drugs 
(P  = 0.023); angiotensin-converting enzyme inhibitors; 
(P  = 0.018); calcium channel antagonists (P  = 0.028); 
and acetylsalicylic acid (ASA) (P  < 0.001). Finally, the 
following variables were independently associated with 
the development of IC: diabetes mellitus [odds ratio 
(OR) 1.76, 95% confidence interval (CI): 1.001-3.077, 
P = 0.046]; dyslipidemia (OR 2.12, 95% CI: 1.26-3.57, 
P  = 0.004); heart failure (OR 3.17, 95% CI: 1.31-7.68, 
P  = 0.01); peripheral arterial disease (OR 4.1, 95% CI: 
1.32-12.72, P  = 0.015); treatment with digoxin (digitalis) 
(OR 0.27, 95% CI: 0.084-0.857, P = 0.026); and ASA (OR 
1.97, 95% CI: 1.16-3.36, P  = 0.012). 

CONCLUSION: The development of an episode of IC 
was independently associated with diabetes, dyslipid-
emia, presence of heart failure, peripheral arterial dis-
ease and treatment with digoxin or ASA.
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INTRODUCTION
Ischemic colitis (IC) is the most frequent form of  intes-
tinal ischemia (70%) and arises in cases where the colon 
is transitorily deprived of  vascular flow. IC may be the 
result of  an occlusive or non-occlusive disease. Clinically, 
IC is classified as gangrenous or non-gangrenous. Non-
gangrenous IC affects the mucosa and submucosa, and 
is responsible for 80%-85% of  cases[1]. Non-gangrenous 
forms have been subclassified into transitory reversible 
forms with mild damage, and chronic irreversible forms, 
which include chronic colitis and stenosis and imply more 
severe impairment[1]. Development of  IC has been associ-
ated with a series of  diseases and risk factors. In general, 
any condition or factor that reduces the blood flow to 
the colon can generate IC. In this respect, a higher inci-
dence of  IC has been described in patients who undergo 
vascular surgery (aortic surgery or coronary bypass in 
particular)[2,3] or have cardiovascular[4-6] or hematological 
diseases[7,8]. IC has also been described among patients 
with microvascular disease, such as systemic lupus erythe-
matosus[9,10], with chronic renal failure that requires dialy-
sis[4] and with use/abuse of  certain medications or drugs, 
such as oral contraceptives, vasoconstrictors, psychotropic 
drugs, interferon-α, nonsteroidal anti-inflammatory drugs 
(NSAIDs), 5-HT3 receptor antagonists and cocaine[11,12].

In recent years, different population-based studies have 
been published which have sought to detect risk factors 
associated with the development of  IC[11,13-15]. Note should 
be taken of  the relationship observed between diagnosis 
of  irritable bowel syndrome and IC, both in case-control 
and cohort studies[11,13,14]. Similarly, population-based stud-
ies of  cohorts with chronic obstructive pulmonary disease 
(COPD) have reported an increased risk of  developing an 
episode of  IC among such patients[11]. 

The prevalence of  cardiovascular risk factors, cardio-
vascular diseases and related medication in cohorts of  
patients requiring admission due to an episode of  IC is 
high. Thus, in two series published recently in this coun-
try, the prevalence of  arterial hypertension, dyslipidemia 
and diabetes was in the order of  57%-66%, 24%-26% and 
20%-22%, respectively. In these series, a high prevalence 
of  cardiovascular disease was detected, whether ischemic 
or hypertensive heart disease (18%-21% and 15.4%, re-

spectively), cerebral vascular disease (12%-20%) or periph-
eral arterial disease (8%-14%). Lastly, there was a high rate 
of  patients treated with acetylsalicylic acid (ASA) (32%), 
hypotensive drugs (54%) and diuretics (33.7%-20.7%)[16,17]. 
Although such prevalence might be linked to the ad-
vanced mean age of  the cohorts described, there are no 
population-based studies published that have assessed the 
possible causal effect of  cardiovascular risk factors on the 
development of  IC.

This study sought to: assess whether cardiovascular 
risk factors, such as hypertension, diabetes, hypercho-
lesterolemia, smoking and cardiovascular diseases, are 
linked to the development of  IC; confirm the relationship 
between COPD and development of  IC in Spain; and fi-
nally, assess the effect that standard drug treatments have 
on the development of  IC.

MATERIALS AND METHODS
Study design
This was a retrospective, observational, case-control study 
using clinical history data matched in a ratio of  1:2.

Selection of cases
We selected incident cases of  IC requiring admission to 
the Ourense Hospital Complex (Galicia, Spain) during the 
period January 1998 through March 2003. To detect such 
cases, endoscopic and pathological anatomy records were 
searched for diagnoses of  IC, segmentary colitis and/or 
indeterminate colitis, and the pertinent clinical histories 
were then reviewed. Diagnosis of  IC was based on endo-
scopic findings and/or diagnostic or compatible histology. 
Individuals with a diagnosis of  colitis of  any other origin 
(infectious, inflammatory, diverticulitis, associated with an-
tibiotics or NSAIDs) were excluded from this cohort, as 
were individuals with IC who did not require admission. 
IC cases that were prevalent during the study period were 
likewise excluded. Finally, a total of  161 individuals were 
included. Their endoscopic location and endoscopic and 
histological findings are shown in Table 1.

Selection of controls
Controls were selected from the cohort of  1555 patients 
who, during the same time period, required admission to 
the Ourense Hospital Complex and underwent a colonos-
copy. Individuals with diagnosis of  colitis of  any origin 
were excluded from this cohort. 

Variables collected
Demographic data (age, sex) were collected. Insofar as per-
sonal histories were concerned, information was gathered 
regarding the presence of  the following diseases: arterial 
hypertension; hypercholesterolemia; diabetes mellitus; 
smoking; COPD; chronic renal failure; heart disease (of  hy-
pertensive, ischemic or valvular etiology, heart failure, atrial 
fibrillation); peripheral arterial disease; abdominal aortic an-
eurysm surgery; and cerebrovascular disease. With respect 
to usual medication, we examined whether patients were 
receiving one or more of  the following drugs at date of  
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admission: ASA; NSAIDs; acenocumarol; digoxin (digitalis); 
diuretics; antidepressants; beta blockers; calcium channel 
antagonists; angiotensin-converting enzyme inhibitors; 
angiotensin Ⅱ receptor antagonists; and antidepressants. 
Lastly, in the control group we recorded both the reason for 
a colonoscopy being requested and the endoscopic findings.

Sample size
Sample size was ascertained on the basis of  data on the 
prevalence of  cardiovascular factors known to be present 
in our cohort of  IC patients[17], with the cardiovascular risk 
factor with the lowest prevalence being used to calculate 
the sample size. Hence, bearing in mind that smoking 
registered a prevalence of  10.1%, and accepting an alpha 
risk of  0.05 and a beta risk of  0.20 in a two-sided test for 
detection of  an odds ratio (OR) of  3160 individuals were 
required in the case group and 320 in the control group. 
Cases were matched 1:2 with controls, by age and sex. The 
EPIDAT 3.1 computer software program was used to cal-
culate sample size and randomization of  controls.

Ethical aspects
This study was formally authorized by the Galician Clini-
cal Research Ethics Committee (code 2008/374) on 15th 
December 2008.

Statistical analysis
As a first step, we conducted a descriptive analysis of  the 
variables covered by the study. Univariate and multivariate 
analyses were then performed using conditional logistic 
regression. In the multivariate analysis, account was taken 

of  those variables that had proved statistically significant 
in the univariate analysis and those that were deemed to 
be clinically relevant. The goodness-of-fit of  the models 
generated was ascertained using the pseudo R2 coefficient 
of  determination and the area under the curve (AUC), 
with an alpha error = 0.05 and beta error = 0.2 being con-
sidered in all tests. The statistical analysis was performed 
using the free R software (www.r-project.org). Odds ratios 
and their confidence intervals (CIs) were graphically de-
picted using the Graph Pad Prism 5.0 program.

RESULTS
Demographic characteristics
A total of  483 individuals, 161 cases and 322 controls, 
were included in the study; mean age 75.67 ± 10.03 years 
(cases: 75.42 ± 10.58, controls: 75.79 ± 9.75, P = 0.56), 
55.9% women (cases: 55.9%, controls: 55.9%, P = 0.5). 
The reasons given for performing a colonoscopy in con-
trols were: lower gastrointestinal hemorrhage, 114 (35.4%); 
ferropenic anemia, 109 (33.9%); abdominal pain, 64 
(19.9%); diarrhea syndrome, 31 (9.6%); intestinal rhythm 
disorder, 22 (6.8%); and melena, 13 (4%). The endoscopic 
findings detected in the controls were: diverticular disease, 
98 (30.4%); hemorrhoids, 82 (25.5%); polyps, 64 (19.9%); 
colorectal cancer, 33 (10.2%); and angiodysplasias, 24 
(7.5%).

Descriptive analysis of patients
The clinical history and standard pharmacologic treat-
ments of  cases and controls are shown in Tables 2 and 3, 
respectively, along with the pertinent ORs, CIs and signifi-
cance levels in the univariate conditional logistic regres-
sion.

Multivariate conditional logistic regression
In the multivariate analysis, a statistically significant rela-
tionship was found between diagnosis of  IC and the fol-
lowing variables: diabetes mellitus (P = 0.029); hypercholes-
terolemia (P = 0.007); heart failure (P = 0.034); peripheral 
arterial disease (P = 0.015); and continued treatment with 
digoxin (P = 0.018) or ASA (P = 0.012). To control for 
the effect of  heart disease, a model was then fitted includ-
ing the significant variables adjusted for diagnosis of  heart 
disease of  any origin. The results yielded by this model can 
be seen in Table 4 and Figure 1. The pseudo R2 coefficient 
of  determination was 0.086. Figure 2 depicts the receiver 
operator characteristic curve of  the model and its AUC.

DISCUSSION
Although development of  IC has been associated with di-
verse phenomena that reduce mesenteric perfusion, there 
are no studies that have assessed the relationship between 
IC and cardiovascular risk factors and cardiovascular dis-
eases. In one case-control study of  autopsies, a statistically 
significant relationship was found between diagnosis of  
fatal IC and presence of  heart failure, valvular heart dis-
ease, acute myocardial infarction and previous surgery[18]. 
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Table 1  Diagnosis of ischemic colitis

 n  (%)

Endoscopic location
   Pancolitis    3 (1.9)
   Right colon  10 (6.5)
   Transverse colon 34 (21)
   Splenic angle    36 (23.2)
   Descending colon    69 (44.5)
   Sigmoid colon  106 (68.4)
   Rectum    38 (24.5)
Endoscopic findings
   Hyperemia    98 (65.3)
   Petechiae    37 (24.7)
   Intramucosal bleeding 30 (20)
   Fibrin    43 (26.5)
   Ulcers 84 (56)
   Active bleeding 9 (6)
   Necrosis                                 12 (8)
   Estenosis                                 12 (8)
Histologic findings
   Crypt loss    17 (14.7)
   Epithelium loss                                 13 (8)
   Edema    68 (58.6)
   Inflamatory infiltrate 87 (75)
   Capillar thrombosis    17 (14.7)
   Necrosis    40 (34.5)
   Hemorrhage    1 (2.5)

Location, endoscopic and histologic findings are summarized. Variables 
are expressed as absolute number and percentage.
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The results of  this study are limited, however, in that it 
covered a series of  autopsies in which serious forms of  IC 
were diagnosed. In the majority of  patients, IC develops 
as a transitory or self-limited form[16,17,19,20]. In our study, 
both mild or transitory and severe forms were included. 
We detected an independent relationship between devel-
opment of  IC and previous diagnoses of  cardiovascular 
risk factors (diabetes mellitus, hypercholesterolemia) and 
cardiovascular diseases (peripheral arterial disease, heart 
failure). However, no relation was found with smoking 
habit. In fact, the prevalence of  smoking habit was low. 
The most recent data available in Spain show that the pro-
portion of  the population over 65 years who are actively 
smoking is low: 8.5%[21]. Our findings thus support the 
hypothesis of  IC as a disease associated with a reduction 
in mesenteric blood flow.

Moreover, we detected an independent relationship 
between IC and treatment with ASA or digoxin. NSAIDs 
in general, and ASA in particular, are known to have a 
harmful effect on the gastrointestinal tract. NSAIDs-
related colitis has been described in connection with both 
short-[12,22] and long-term treatments[23]. Different clinical 
observations and case-control studies have linked the use 

of  NSAIDs or salicylates to diagnosis of  acute diarrhea 
syndrome[24] and exacerbation of  inflammatory colitis 
(ulcerative colitis or Crohn’s disease)[23]. Insofar as the rela-
tionship with the development of  IC is concerned, there 
is little evidence. There is one clinical report in which the 
use of  meloxicam is associated with the development of  
IC[12]. In the case-control study published by Collin et al[25]  
a statistically significant relationship was observed between 
use of  NSAIDs and development of  segmentary non-
gangrenous colitis. In our study, an independent relation-
ship was detected between use of  ASA and development 
of  IC. This did not apply to continued use of  NSAIDs, 
once ASA had been excluded. The mechanism associated 
with tissue damage has not been fully elucidated. Studies 
based on a model of  colitis associated with trinitrobenzene 
sulfonic acid have confirmed the ability of  NSAIDs to 
exacerbate colitis[26]. This effect is brought about by inhibi-
tion of  cycloxygenase-2 (COX-2)[26]. COX-2 is also the 
principal agent responsible for the process that leads to 
resolution of  the inflammation. Prostaglandin D2 acts as a 
termination signal, by reducing granulocyte infiltration[27]. 
Similarly, inhibition of  COX-2 and prostaglandins with 
their vasodilatory effect could increase vascular resistance 
in the splanchnic circulation[22]. As regards the protective 
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Table 2  Clinical characteristics present in cases and controls

Case 
(%)

Control  
(%)

P value OR 95% CI

Arterial hypertension 56.5 46.6 0.034 1.543 1.035-2.301
Dyslipidemia 19.8 12.1 0.025 1.793 1.075-2.992
Diabetes mellitus 26.7 12.7 < 0.001 2.427 1.506-3.911
Smoking habit 10.5   9.9 0.825 1.075 0.564-2.049
Chronic renal failure   4.3   4.6 0.877 0.93 0.372-2.33
Valve heart disease   7.4   6.8 0.806 1.094 0.535-2.234
Ischemic heart disease   18 14.9 0.381 1.254 0.756-2.08
Hypertensive heart disease 15.5 13.4 0.516 1.195 0.698-2.044
Atrial fibrillation 14.3     14 0.923 1.028 0.585-1.808
Heart failure 10.5       5 0.026 2.253 1.103-4.604
Peripheral arteriopathy   8.1   2.2 0.004 4.658 1.643-13.21
Abdominal aorta surgery   1.2       0 0.096
Cerebrovascular disease 12.4   9.6 0.339 1.348 0.731-2.483
COPD   18 18.6 0.864 0.956 0.576-1.587

Variables are expressed as percentages. Differences are considered statisti-
cally significant when P < 0.05. COPD: Chronic obstructive pulmonary 
disease; OR: Odds ratio; CI: Confidence interval.

Table 3  Medications taken by cases and controls

Case 
(%)

Control 
(%)

P  value OR 95% CI

Antihypertensives 51.5      41 0.023 1.595 1.067-2.383
Beta-blockers   5.6   5.6 1 1 0.443-2.26
Ca2+ channel 
antagonists

22.3 14.6 0.027 1.771 1.065-2.946

ACE inhibitors 27.3 18.3 0.018 1.776 1.102-2.861
Nitrates 10.5   9.3 0.67 1.143 0.617-2.117
ARB   1.2        4 0.109 0.358 0.102-1.259
NSAIDs 10.5   9.9 0.823 1.077 0.561-2.07
Digoxin   3.1   7.4 0.060 0.383 0.141-1.042
Antidepressants   3.7   6.2 0.222 0.540 0.201-1.453
Diuretics 26.1 26.1 1 1 0.656-1.525
ASA 31.6      18 < 0.001 2.153 1.371-3.382
Acenocumarol   5.6   5.6 1 1 0.443-2.26

Variables are expressed as percentages. Differences are considered statis-
tically significant when P < 0.05. ACE: Angiotensin converting enzyme; 
ARB: Angiotensin Ⅱ blockers; NSAIDs: Non-steroidal anti-inflammatory 
drugs; ASA: Acetylsalicylic acid; OR: Odds ratio; CI: Confidence interval.

Table 4  Multivariant conditional logistic regression model

Variables P value Coefficient OR 95% CI

Diabetes mellitus 0.04600 0.5671 1.7632 1.0101-3.0776
Dyslipidemia 0.00437 0.7550 2.1277 1.2658-3.5762
Heart failure 0.01064 1.1539 3.1705 1.3079-7.6853
Peripheral 
arteriopathy

0.01461 1.4109 4.0997 1.3211-12.7219

Digoxin 0.02651 -1.3173 0.2679 0.0836-0.8576
Acetylsalicylic acid 0.01219 0.6808 1.9755 1.1600-3.3640
Heart disease 0.14541 -0.4224 0.6554 0.3711-1.1575

P value, beta coefficient, odds ratio (OR) and 95% confidence interval (CI) 
of variables included in model B.

Heart disease

Acetylsalicylic acid

Digoxine

Peripheral arteriopathy

Heart failure

Dyslipidemia

Diabetes mellitus

0.01            0.1               1               10             100

Figure 1  Odds ratio graph. Odds ratio and 95% confidence interval of vari-
ables included in model B.
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effect of  treatment with digoxin observed in our study, little 
has been published. Indeed, only one case-control study has 
been reported, in which use of  digoxin was found to have 
a harmful effect[25]. Nevertheless, this study failed to analyze 
confounding variables, such as diagnoses of  heart failure 
and heart disease, which we introduced into our analysis. 
The protective effect could be linked to the positive inotro-
pic effect associated with digoxin treatment, which would 
generate an increase in splanchnic blood flow.

Our patients with IC had an advanced age; the mean 
age was 75.42 ± 10.58 years. This finding is similar to the 
data published recently in series of  patients with IC in our 
country[16,19,20]. It is noteworthy that, despite the advanced 
age of  the patients, the prognosis was fairly good: only 
5.9% required surgery and 4.7% died during hospitaliza-
tion[17]. 

Our study has a number of  limitations, the first of  
which is that it was a retrospective study. Although the 
collection of  clinical history data was based on a protocol 
drawn up at our hospital, conditions related to develop-
ment of  IC, such as constipation and irritable bowel syn-
drome, could not be evaluated[11,13,14,20]. The control group 
might suffer from selection bias as a result of  it being 
a group of  patients who required admission. However, 
the selection criterion - performance of  a colonoscopy -  
was not related to the variables analyzed. At all events, 
in view of  the fact that these were patients who required 
admission, the control group might have had a frequency 
of  cardiovascular risk factors, cardiovascular diseases and 
drug use higher than that of  the general population. In 
this respect, the conclusions of  this study must be vali-
dated in the context of  a population-based cohort study. 
Since incidence of  IC in the general population is low, 
ranging from 4.5 to 44 cases per 100 000 population[11], 
designing a cohort study to assess the effect of  these vari-
ables may prove complicated.

Another of  this study’s limitations resides in the lack 
of  some clearly defined criteria for diagnosis of  IC. At 
our health center, diagnosis of  IC, after excluding other 
etiologies, was based on typical endoscopic findings of  

IC associated with a definitive or compatible histology. 
Endoscopic findings are known to have a high degree 
of  accuracy for diagnosis of  IC[28]. We used widely ac-
cepted histological criteria for diagnosis of  IC[1,29,30], with 
definitive histology being defined as detection of  mucosal 
infarction, clots or fibrin in the capillaries or submuco-
sal hemorrhage. In addition, compatible histology was 
defined as detection of  a loss of  mucin and superficial 
epithelial cells, mild or moderate inflammatory infiltrate, 
edema or vascular congestion. Currently, there are no di-
agnostic criteria that enable NSAIDs-related colitis to be 
specifically diagnosed. The doubt remains, therefore, as 
to whether two different entities are involved or whether 
NSAIDs in general, and ASA in particular, have a role in 
the pathogeny of  IC. In a previously published study, we 
reported a statistically significant relationship between re-
current IC and continued treatment with ASA[17]. 

In conclusion, we detected a statistically independent 
relationship between some cardiovascular risk factors and 
cardiovascular diseases, and development of  IC. This re-
lationship must, however, be confirmed in cohort studies. 
Similarly, the role of  ASA in the development of  IC must 
be evaluated. 
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