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Gastric Acid–Suppressive Agents and Risk
of Clostridium difficile–Associated Disease

To the Editor: Dr Dial and colleagues have reported on the
rate of Clostridium difficile–associated disease (CDAD) in
the United Kingdom.1 Their study is notable because this is
the first time that pathology laboratory data from the UK
General Practice Research Database (GPRD) have been
used as an outcome of interest in a pharmacoepidemiologi-
cal study. Moreover, the study may have important clinical
implications.

As the authors acknowledge, the striking exponential
rise in the rate of community-acquired CDAD diagnosed
since 1994 may be partly due to increased reporting and
testing. However, there have been major changes in the
UK health care system and GPRD in the reporting and col-
lection of CDAD that need to be considered when inter-
preting the results. In the UK, data from the local pathol-
ogy laboratory are either sent to a general practice via an
electronic link and then loaded in the patient’s record elec-
tronically, or sent by mail and then entered manually.2

There have been major improvements over time in elec-
tronic linkage of information between laboratory and gen-
eral practice. Electronic collection of laboratory test data
are more efficient for general practitioners compared with
the manual procedure. Furthermore, it has recently
become mandatory that laboratory test results are coded
with Read medical codes. However, the Read medical
codes for the CDAD toxin assay only became available to
pathology laboratories in March 2002.3 Thus, the observed
increase in the rate of CDAD infections may be explained
by more frequent electronic data transfer rather than a true
increase in the rate of infection. It would be of interest to
evaluate whether the ratio of CDAD diagnoses based on
laboratory records to the clinically recorded diagnoses var-
ied over calendar time in GPRD.

The Health Protection Agency (HPA) collects national
reports of C difficile for England, Wales, and Northern Ire-
land. This reporting was voluntary until January 2004
when it became mandatory for health professionals to
report CDAD in patients aged 65 years and over. In both
GPRD and HPA data sets, the reporting rates have
increased dramatically over time (a 40-fold increase in
national reporting to the HPA from 1990-2004).4 Never-
theless, the pattern of increases varied between GPRD and
HPA, suggesting improvements in GPRD data collection.
Importantly, the HPA concluded that the apparent
increase in reporting rates of C difficile infections was
thought to be due to improvements in reporting.5 We feel
therefore that the apparent time trends of the C difficile
infections as presented by Dial et al could be in part an

artifact and that these results should be interpreted with
great caution.
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To the Editor: Dr Dial and colleagues1 studied the risk of
developing CDAD in individuals who were taking acid an-
tisecretory agents. We have major concerns regarding the
validity of the CDAD diagnoses and inadequate control-
ling for confounding variables.

The most striking finding of this study was that, of the
1233 patients with community-acquired CDAD, 791 (64%)
had no apparent exposure to antibiotics in the preceding 90
days. Although the authors note several possible reasons
for this result, the finding is difficult to reconcile with data
from other studies. Hirschhorn et al2 performed a health
maintenance organization-based study of community-
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acquired CDAD and found that 33 of the 51 community-
acquired CDAD cases (65%) had antibiotics dispensed from
one of the health maintenance organization pharmacies in
the preceding 6 weeks alone. Noren et al3 found that in a
cohort of 372 patients with CDAD, in which 59 cases were
community-acquired, 98% had received antibiotics within
the previous 90 days.

Additionally, of the 1233 community-acquired CDAD epi-
sodes, 400 were diagnosed clinically without the use of
a C difficile toxin assay, and many without a recognized risk
factor for CDAD. We are not aware of previous studies of
the accuracy of clinical diagnosis of CDAD under these cir-
cumstances, and believe that it is questionable.

Another critical issue is the lack of adjustment for global
comorbidity, since an association between risk of CDAD
and disease severity and comorbidity has been reported.4,5

Coexistent disease may act as a confounding variable if acid
antisecretory drug use is more common in individuals with
multiple comorbidities, as these studies suggest. Although
the authors do control for several individual coexisting ill-
nesses, they do not use any general measure of comorbidity
such as the Charlson Index. To this end, Pepin et al4 did
find an increased relative risk of 1.67 and 1.53 of CDAD
with proton pump inhibitors and H2 blockers, respectively,
on univariate analysis. However, this became insignificant
(relative risk of 1.0 and 1.07, respectively) upon multivari-
ate analysis that included an adjustment for the Charlson
Index. Kyne et al5 similarly found a relative risk of CDAD
of 2.2 with acid antisecretory therapy (P=.05), but this
regressed toward the null on multivariate analysis.

For these reasons, we do not believe that this study pro-
vides strong evidence of increased risk of CDAD associated
with acid antisecretory therapy.
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In Reply: With regard to the comments by Dr van Staa and
colleagues, the effect of reporting and the effect of increas-
ing numbers of C difficile cases are difficult to disentangle.
We agree that the magnitude of the rise we described needs
to be interpreted with caution. Nevertheless, our analysis
controlled for the impact of such potential reporting trends
by matching on calendar time.

Dr Leffler and colleagues raise a number of issues. First,
regarding antibiotic use, the 2 studies that they cite are
much smaller than ours, but nonetheless support the con-
cept that community-acquired CDAD does occur and that
prior antibiotic exposure may be less frequent in that set-
ting. Most studies are on nosocomial CDAD where antibi-
otic use is very prevalent, and we calculated a pooled preva-
lence of 72% antibiotic exposure in controls with a
corresponding 96% exposure in CDAD cases in these stud-
ies. This high prevalence of antibiotic exposure in nosoco-
mial CDAD has contributed to the belief that antibiotics are
a prerequisite; this may have contributed to ascertainment
bias, with patients with prior antibiotic exposure more
likely to be tested and diagnosed. Antibiotic use in the
community is significantly lower and in 3 case-control
studies where 15% or less of the controls had prior antibi-
otic exposure, only 49%1, 50%2 and 52%3 of the cases had
prior antibiotic exposure.

Second, the patients with a “clinical diagnosis” were cases
without a diagnostic test in the medical record. With the
current understanding of CDAD4, it seems unlikely
that physicians would make a clinical diagnosis of CDAD with-
out a positive toxin, particularly in patients without recent
antibiotic exposure, so we believe that these patients were
toxin-positive but the result was not recorded. Regardless,
our sensitivity analyses examining toxin-diagnosis and clinical-
diagnosis results separately showed almost identical risks
associated with proton pump inhibitor exposure.

Finally, we carefully and specifically adjusted for many
important comorbid illnesses, including many that are in
the Charlson Index. In order to hypothesize a priori that
an adjusting index is useful, it would be important to iden-
tify additional illnesses that might be related to both pro-
ton pump inhibitor use and CDAD, and directly determine
the potential confounders rather than speculate on pos-
sible poorly defined or justified risk factors to explain this
association. Important limitations of the study by Pepin et
al were addressed in our article; whatever concerns there
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may be about confounding of the association with gastric
acid suppression and CDAD, antibiotic exposure in hospi-
talized patients is likely more confounded.
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Carbon Monoxide Poisoning, Myocardial Injury,
and Mortality

To the Editor: The study by Mr Henry and colleagues1 con-
cluded that there is an association between moderate to se-
vere carbon monoxide (CO) exposure and myocardial in-
jury. However, in addition to CO, cyanide exposure should
be considered in individuals who present in extremis or with
a severe metabolic acidosis following fire exposure.2 It is not
stated in the article which of the patients had fire expo-
sure. It would be valuable to know which patients in this
cohort were exposed to fire, which had lactic acidosis, which
had elevated cyanide levels, and which patients received so-
dium thiosulfate antidote therapy, to determine whether a
link can be made between cyanide and myocardial injury.
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To the Editor: Mr Henry and colleagues1 studied long-
term mortality among a large group of patients with CO poi-
soning. There are several issues in their study that we be-
lieve need to be addressed.

The authors previously identified subsets of these pa-
tients with significant age and echocardiogram differences
(global vs regional wall motion abnormality), suggesting that
the former experienced CO-related “stunned myocar-

dium,” while the latter had “unmask[ed] underlying CAD.”2

Did the mortality rates in these 2 groups differ at follow-
up? The statistically significant mortality differences in the
univariable analyses of previous diabetes, hypertension, and
prior history of congestive heart failure or coronary artery
disease as predictors in the present study would support such
a difference. Was there any difference between patients with
and without initial myocardial injury in their reported du-
ration of CO exposure? Furthermore, while it is not clear if
“time is muscle” applies to CO-induced myocardial injury,
did door-to-chamber time or exposure-to-chamber time cor-
relate with initial myocardial injury or outcome?

The reported long-term follow-up was completed using the
Social Security Death Index. While the National Death In-
dex has been documented to accurately identify individuals
who have died,3 the actual attribution of cause of death may
be inadequate, particularly when autopsy information is not
available.4 Unrecognized completed suicide may have been
miscoded as “unknown causes” or “cardiovascular causes.”
Such a systematic bias would not be expected to dispropor-
tionately affect patients with markers of cardiac injury at the
time of their CO exposure unless these groups were differ-
ent at baseline (eg, if suicidal patients are more likely to sus-
tain myocardial injury because of prolonged CO exposure).

Although we agree that it is unclear whether interven-
tions can affect short-term and long-term outcomes of pa-
tients who experience myocardial injury from CO poison-
ing, a single 90-minute treatment at 2.4 atmospheres absolute
is less of a dose of oxygen and pressure than is adminis-
tered by many hyperbaric centers.5

Until the relationships between CO poisoning, myocardial
injury, time to treatment, and long-term risk of death are bet-
ter delineated, we agree that it is prudent to perform some car-
diac evaluation on selected patients. However, we believe that
it is stillunclear ifCO-inducedmyocardial injury(particularly
“stunned myocardium”) is a predictor of long-term mortality.
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