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Dental status and mortality in
institutionalized elderly people
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Background: Inadequate dentition for mastication is one of the major issues associated
with systemic health for institutionalized elderly people, but its prognostic value and
related deaths have not been fully examined.

Methods: Four hundred and three patients aged 65 and older were recruited from nine
nursing homes and were prospectively followed up for morbidity and mortality for § years
in Japan. These patients were classified into three groups according to dental status:
patients who had adequate denrition with natural teeth only or natural teeth with partial
dentures (Group A); those who were edentulous but wearing full dentures (Group B); and
those who had inadequate dentition without dentures {Group C).

Results: Dental status was strongly related to age, cognitive function and activities of
daily living. After allowing for confounding effects, the 2-year risk of mortality among
those in Group C was 1.84 times that of Group A (95% confidence interval 1.01-3.36,
P =0.047). Furthermore, the S-year mortality rate in Group C was higher than that in
Group A, whereas that was not significant with a hazard ratio of 1.30 (0.90-1.88,
P=0.168). The main causes of death were respiratory infections, which explained 14.1%
of all causes of death in Group A, 14.3% in Group B and 18.3% in Group C. Any asso-
ciations between a specific cause of death and the different dental status did not reach a
significant level.

Conclusion: [nadequate dental status is associated with high overall mortality. Our find-
ings suggest thar systemic attention to dental status should be recommended in institu-
tionalized elderly people.

Keywords: activities of daily living, dental status, mortality, respiratory infections.

Introduction

The loss of teeth is an irreversible process that peaks in
old age and seriously influences oral function including
mastication, deglutition and phonation. A common
cause of teeth loss in elderly people is alveolar pyorrhea,
which can be prevented by intensive oral care’
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Although elderly populations are retaining their teeth
due to recent heightened concern about oral hygiene,?
institutionalized elderly people still have poor oral
health.** Simons reported that elderly people in resi-
dential homes had a high proportion of edentulousness
of §7.4%, and high plaque and gingival indices of 2.3
and 1.7, respectively.®* Moreover, in Japan, even though
many institutionalized elderly people have lost many
teeth, they do not use dentures to keep their masticatory
capacity.” Such poor oral status of the institutionalized
elderly may contribute to eating problems, low nutrition
and an increase in intraoral bacteria.*"* Because many
institutionalized elderly people are chronically infirm,
these results may cause weight loss, disability and res-
piratory infections.'"
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Little is known about the effect of inadequate dental
status for mastication on mortality in the institutional-
ized elderly. Shimazaki et al. demonstrated that institu-
tionalized elderly people being edentulous without
dentures were 1.8 times more prone to death during the
6-year follow up as compared with those with 20 or
more teeth.”® However, they did not determine the
underlying and immediate cause of death. Therefore, we
conducted a study of elderly Japanese people to analyze
recent dental status in nursing homes, poor dental sta-
tus as a risk factor for monality, and a relationship
between dental status and specific causes of death. Dur-
ing the entire 5-year follow-up period, these patients
were examined. We also analyzed cognitive function and
activities of daily living (ADL), which might be poten-
tially related to mortality.

Methods

Study population

Subjects were members of the Oral Care Study cohort.'s
A total of 403 patients consisting of 86 men and 317
women, aged 65 years or older (82.8 £ 7.7 [mean * SD]
years) were recruited at nine nursing homes in Japan in
September 1999. Each nursing home had 50-100 beds
and served as long-term care facilities for older patients
who were physically handicapped and/or suffering from
mental deterioration.

The criterion for patient selection was that physical
symptoms were stable for the preceding month. All
patients had no acute disorders, for example, pulmonary
diseases with dyspnea, infection, heart failure, or stroke
requiring special treatment and intensive care. In addi-
tion, patients with immunocompromised disorders
such as active malignant disease, renal dialysis, hypog-
ammaglobulinemia or HIV-1 infection, were excluded
from the study. Our study protocol was approved by the
ethical review committee at Tohoku University School
of Medicine, and all patients or their families provided
written informed consent.

Dental and clinical examination

At baseline, we evaluated the patients’ dental status for
mastication. Patients were grouped into one of the fol-
lowing three categories according to different levels of
dental status: Group A consisted of patients whose den-
tal status was functionally adequate for mastication by
natural teeth only or natural teeth with partial den-
ture(s); Group B consisted of patients who were eden-
tulous but kept their masticatory capacity by dentures in
both jaws; and Group C consisted of patients with a
functionally inadequate dental status without dentures.
There was no significant difference in the percentage of
the basic clinical condirions among the groups, of which
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information was given on admission by patients’ family
member and/or other reliable collateral source such as
cardiac diseases, cerebrovascular diseases, hypercholes-
terolemia, diabetes mellitus and cardiac arrhythmias,
and the use of medications for these diseases (Table 1).
During follow up, tooth brushing was performed by the
patients themselves or by caregivers at least once a dav.
If patients were using dentures, nurses cleaned the den-
tures with a denture brush every day and with denture
cleanser once a week.

Because of the potential effects on mortality, cognitive
function and ADL were evaluated in all the patients.
Cognitive function was examined using the Mini-
Mental State Examination (MMSE).'” ADL was evalu-
ated using the modified Barthel Index.” Both MMSE
and the modified Barthel Index have a 30-point scale for
healthy older people, with a score of 0 indicating com-
plete loss of cognition and dependence. If the MMSE
score was 22 points or less, patients were considered as
cognitively demented. If the modified Barthel Index was
20 points or less, patients were considered as physically
disabled.

Following up the patients

These patients were followed up for mortality until Sep-
tember 2004. If the patients were discharged from the
nursing home, mortality was ascertained by contact
with their families. When the patients died, the under-
lying and immediate causes of death were determined
by medical doctors. Their death certificates and medical
records were reviewed (by M.Y., T.M. and T.O.) and the
only medical events leading directly to death were coded
according to the ninth version of the International
Classification of Diseases (ICD-9)."”> Any other records
abour other significant conditions contributing to death
but not related to cause were not considered here.

Statistical analysis

Statistical analyses were carried out with staristical soft-
ware package SPSS version 10.0 (SPSS, Chicago, IL,
USA). Baseline characteristics among age groups and
different levels of dental status were compared by one-
way ANOVA for continuous variables and by y* tests
for categorical variables. When significant differences
between groups were found, a post hoc analysis was
performed to test by Fisher's test on the groups signif-
icantly differing from each other.

A Cox proportional-hazards model was used to esti-
mate mortality risk by levels of dental status, with
adjustments for other potential covariates: age, gender,
basic clinical conditions, cognitive function and ADL.*
Because mortality, cognitive function and dental status
are all strongly linked with age, all models were vali-
dated using graphical and analytical techniques to
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Table 1 Distribution of clinical characteristics and 2-year and 5-year mortality according to dental status

Variables Total Oral status P-value*
Group A Group B Group C
Number of patients 403 99 98 206
Age, year R2.8+7.7 79.5 £6.9** 84.3+6.8 83.7 £ 8.0 < 0.001
Gender (male/female) 86/317 25/74 13/85 48/158 0.075
Dentition
Natural teeth 51274 12.7x8.9 0 39+5.3 < 0.001
Edentulousness, n/N (%) 192/403 (47.6%) 0/99 (0%) 98/98 (100%) 1127206 (54.4%) < 0.001
Clinical basic conditions
Cardiac disease, n/N (%) 68/403 (16.9%) 17/99 (17.2%) 18/98 (18.4%) 33/206 (16.0%) 0.874
Cerebrovascular disease, 1177403 (29.0%) 21/99 21.2%) 26/98 (26.5%) 70/206 (34.0%) 0.061
n/N (%)
Diabetes mellitus, n/N (%) 31/403 (7.7%) 11/99 (11.1%) 5/98 (5.1%) 157206 (8.3%) 0.275
Arrythmia, n/N (%) 39/403 (9.7%) 8/99 (8.1%) 12/98 (12.2%) 19/206 (9.2%) 0.581
Medications, n/N (%) 166/403 (41.2%) 36/99 (36.4%) 42/98 (42.9%) 887206 (42.7%) 0.533
Cognitive function
MMSE (points) 10.6 £9.5 15.4 +9.4%% 13.4 1 8.9%% 7.6 8.3 < 0.001
Dementia, n/N (%) 346/403 (85.9%) 72/99 (72.7%)  81/98 (82.7%) 193/206 (93.7%) < 0.001
ADL
Barthel Index (points) 15.8+7.1 19.2 +6.3%* 18.8 £ 6.0*% 12.8+6.7 < 0.001
Disability, n/N (%) 283/403 (70.2%) 51/99 (51.5%) 57/98 (58.2%) 175/206 (85%) < 0.001
Mortality
2 years, n/N (%) 112/403 (27.8%) 14/99 (14.1%) 21/98 (21.4%) 771206 (37.4%) < 0.001
5 years, n/N (%) 235/403 (58.3%) 45/99 (45.5%) 54/98 (55.1%) 136/206 (66.0%) 0.002

*One-way ANOVA for different demtal status, *%The post hoc significant differences from corresponding values in Group C are
indicated by I' < 0.0001. Group A, adeguate dentition with natural weth only or natural weth and partial dentures; Group B,
edentulous and denture wearers; Group C, inadeguate dentition without dentures, Mean £ SD for continuous variables and
number (%) for categorical variables. ADL, activities of daily livingg MMSE, Mini-Mental State Examination.

check for possible non-linearity and interactions,
Kaplan-Meier curves were used to display the results.
All tests were two-sided and statistical significance was
set at P < 0.05.

Results

Dental status and other variables

Of the 403 patients who were evaluated at baseline,
192 (47.7%) were edentulous. The prevalence of
edentulousness and number of natural teeth strongly
correlated with age (Table 2). The prevalence of eden-
tulousness for patients 65-74 years of age was 24.6%;
this significantly increased to 40.4% for those 75-84
and to 63.4% for those 85 and older (P < 0.001). The
number of natural teeth for patients 65-74 years of age
was 9.4 % 8.9; this significantly decreased to 5.6 +7.4
for those 75-84 and to 3.0 £ 5.8 for those 85 and older
(P < 0.001). Ninety-eight of the 192 edentulous patients
(51.0%) were denture wearers and the prevalence
significantly decreased in patients 85 and older (P=
0.008).

© 2006 Japan Geriatrics Socicty

When each patient was categorized into one of the
groups according to levels of dental status, 99 parients
met the criteria for Group A, which consisted of patients
who had adequate dentition with natural teeth only or
natural teeth with partial dentures; 98 patients were in
Group B, which consisted of patients who were eden-
tulous but wearing full dentures; and 296 patients were
in Group C, which consisted of patients who had
inadequate dentition without dentures. In univariate
analysis, these different levels of dental status were sig-
nificantly associated with age (P < 0.001), MMSE score
(P < 0.001) and Barthel Index (P < 0.001) (Table 1).

Dental status and overall mortality

During the first 2-year follow up, 112 patients died.
There were 14 (12.5%) deaths in Group A, 21 (18.8%)
in Group B and 77 (68.8%) in Group C (P < 0.001)
(Table 1). By the end of the S-year follow up there
were another 123 deaths (total 235): 45 (19.1%) of the
death were in Group A, 54 (23.0%) were in Group B,
and 136 (57.9%) were in Group C (P = 0.002) (Table 1)
(Fig. 1).
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Table 2 Demographic variables among different age groups

Variables
Number of patients
Gender (male/female)
Dentition
Natural reeth®, N
Edentulousness, n/N (%)

Denture wearers in edentulous, n/N

Cognitive function
MMSE (points)
Dementia, n/IN (%)

ADL
Barthel Index (points)
Dependence, n/N (%)

6574 years
65

27/38

9.4 + 8. 9¥*
16/65 (24.6%)
11/16 (68.8%)

13.7 £ 9.5%*
51/65 (78.5%)

16.716.8
44/65 (67.7%)

75-84 ye;ral:sr 85« yeafs P-value®
166 172
32/134 27/145 < 0.001
5.6+£7.4%* 3.0+£58 <0.001
67/166 (40.4%) 109/172 (63.4%) < 0.001
42/67 (62.7%) 45/109 (41.3%) 0.008
11.5 £9.9%% 8.7+87 < 0.001
139/166 (83.7%) 156/172 (90.7%) 0.032
165+ 6.9 149+7.4 0.059
114/166 (68.7%) 125/172 (72.7%) 0.643

*One-way ANOVA for different dental status. **The posthoc significant differences from corresponding values in Group C are

indicated by P < 0.0001. Mean + SD for continuous variables and number (%) for categorical variables.
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Figure T Cumulative event plots according to different
dental status were estimated by the Kaplan-Meier merhod and
compared using the log-rank test: survival curves for all causes
of death by ditferent levels of dental status. Group A indicates
subjects with adequate dentition with nartural teeth only or
natural teeth and partial dentures. Group B indicates subjects
with edentulous and denture wearers. Group C indicates
subjects with inadequate dentition without dentures.

In an unadjusted analysis, we examined the effect of
dental status on 2-year and S-year mortality. As com-
pared with Group A, Group C had a relative risk of
mortality of 3.09 (2-year: 95% confidence interval [CI]
1.75-5.46, P<0.001) and 1.93 (5-year: 1.38-2.71,
P < 0.001); Group B did not significantly increase the
risk of mortality (Table 3). After allowing for confound-
ing effects of age, gender, basic clinical conditions
including cardiac disease, cerebrovascular disease and
diabetes mellitus, cognitive function and ADL, the 2-
year risk of death among those in Group C was 1.84
times that of Group A (95% CI 1.01-3.36, P =0.047)
(Table 3). However, the 5-year mortality among those of
Group C was no longer significantly different from that
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of Group A (hazard ratio: 1.30, 95% CI 0.90-1.88,
P =0.168). However, if age or ADL were excluded from
the potential confounders, the dental status of Group C
independently increased the S-year mortality (data not
shown).

Dental status and specific causes of death

The underlying and immediate causes of deaths are
shown in Table 4. Respiratory infections (66 deaths) and
senility (52 deaths) were common causes of S-year
mortality. The mortality rate by respiratory infections
for patients in Group C was 18.4% (38 deaths/206
patients). This mortality rate was not significantly dif-
ferent as compared with that for patients in Group A
(14.1%, 14 deaths/99 patients, = 0.079) and Group B
(14.3%, 14 deaths/98 patients, P=0.165). Any other
associations between a specific cause of death and the
different dental status also failed to reach a significant
level (data not shown).

Discussion

Our study had three major findings. First, inadequate
dentition for mastication was common in institutional-
ized elderly patients over the age of 65, and its preva-
lence is clearly increasing with age and is strongly
associated with impaired cognitive function and lower
ADL. Second, this poor dental status was associated
with approximately a twofold increase in the 2-year risk
of death independent of age, gender, basic clinical con-
ditions, cognitive function and ADL. Third, this poor
dental status was involved in overall mortality rather
than mortality due to specific diseases such as respira-
tory infections because the number of events may have
been too small to permit a detailed, cause-specific
analysis.

© 2006 Japan Geriatrics Society
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Table 4 Underlying and immediate causes of death during S-year follow up

Causes of death

E]roup An =‘99)

Gré;\-lp B (n=98) M Group C (n = 206)

Number  Mortality Number  Mortality Number — Mortality
of deaths  rate of deaths  rate of deaths  rate
(n/N,%) (n/N, %) (n/N, %)

All causes 43 45.5 54 55.1 136 66.0
Respiratory-tract infections 14 14.1 14 14.3 38 18.4
Senility without mention of psychosis 5 5.1 8 8.2 39 18.9
Ischemic heart disease 6 6.1 8 8.2 18 8.7
Cerebrovascular disease 8 8.1 3 3.1 10 4.9
Malignant neoplasms 2 2.0 4 4.1 4 1.9
Other infections* 0 0.0 4 41 3 1.5
Gastrointestinal bleeding 0 0.0 0 0.0 S 2.4
Cirrhosis of the liver 0 0.0 ] 1.0 1 0.5
Renal failure 0 0.0 0 0.0 1 0.5
External and Unknown causes 10 10.1 12 12.2 17 8.3

*QOther infections include septicemia (7 = 3) and infections of the kidney and urinary tract (n = 4).

It is well documented that many older patients in
nursing homes have poor oral status. Other researchers
have shown that such poor dental status was strongly
associated with age, cognitive function and ADL."**'
Nordenram et al. reported significant correlations
between the ability to chew and cognitive and functional
capacity.” These findings may be explained in relation
to the character of institutionalized clderly patients. For
example, they are unlikely to perform personal oral
hygiene care sufficient to keep adequate natural denti-
tion because of impaired cognitive function and lower
ADL.* With progression of the disease, demented
patients would not keep their dentures on at ease and
physically disabled patients may be recommended not
to use dentures to prevent inspiration of the dentures.

Further, oral hygiene in long-term-care institutions
has been neglected and there are different explanations
for this, such as the difficulty of access to professional
dental care,” little time to share by the staff,** and lack
of understanding, knowledge, interest by the staff
including primary care physicians and geriatricians.*?¢
On the basis of such conditions for oral health and care,
many institutionalized elderly may lose their teeth and
may be unsatisfactorily treated.

We found that inadequate dentition for mastication
significantly increased the risk of 2-year overall mortal-
ity in institutionalized elderly patients. A few reports
have shown that edentulous people without dentures
are significantly prone to death as compared to those
with adequate dentition in community-dwelling elderly
people?? or institutionalized elderly people.”s Appallo-
nio ef al. reported that edentulous people without den-
tures had a significant risk for death independent of
physical-mental health status at baseline and discussed
that poor dental status may have negative effects on
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mortality through malnutrition.” In another report they
showed that inadequate dental status and micronutri-
ents such as folate were significant and independent
predictors of mortality in community-dwelling elderly
women.” Moreover, a number of studies have shown
that poor dental status is associated with malnutri-
tion.”™*' Although we did not consider estimating nutri-
tional status such as bodyweight and serum albumin,
previous studies strongly suggest that inadequate dental
status and the susceptibility to death are partly linked by
malnutrition.

In contrast, the present study showed that inadequate
dental status did not seem to be an independent prog-
nostic variable of S-year mortality but an associated
variable of other strong predictors of mortality, such as
increasing age and low ADL. Adjustment for these fac-
tors weakened the predictive power of dental status. A
possibility is that longer survival rates may be greatly
influenced by age and ADL because these older and frail
patients might reach the end points sooner apart from
dental status.

In our study, death from respiratory infections was
scored as a primary cause of death, and no other termi-
nal diseases entered into this group™ Therefore, the
prevalence of the death from respiratory infections
might have been underestimated because people diag-
nosed as senility were in poorly defined conditions and
likely to have underlying discase conditions such as
asymptomatic pneumonia.” Although a direct and
independent relationship between poor dental state and
death from respiratory infections remains unclear, it is
recognized that respiratory infections can be the result
of infection by anaerobic bacteria, and dental plaque
would seem to be a logical source of these bacteria,
especially in patients with periodontal disease.” Poor

© 2006 Japan Geriatrics Society
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dental health may conrtribute to the development of
pneumonia as an independent or associated prognostic
variable.™® We previously demonstrated that intensive
oral care lowered the frequency of pneumonia by 50%
in the institutionalized elderly.'* Therefore, intensive
oral care should be recommended for patients who can-
not keep their teeth clean by themselves to prevent res-
piratory infections.™

A potential weakness of the study is that patients’
concurrent illness that would have affected their prog-
nosis was not fully confirmed or followed up because of
limited capacity for objective evaluation in the nursing
homes and unwillingness for intensive medical care for
relatively old patients. Further, lack of patients’ subjec-
tive compliant due to limited ADL and cognitive func-
tion, especially in Group C, might have made it difficult
to identify an underlying fatal disease (Table 4). These
provide possible reasons why senility was negatively
selected as a cause of death without the supportive
evidence.

Another limitation of the present study was that the
baseline examination of dental status might not reflect
their lifetime dental status, and thus not effectively strat-
ify their risk. This might be true especially for elderly
people with comorbidity, causing increased mortality
and inadequate dental status when close 1o death. This
factor may explain, hypothetically, the association
between inadequate dental status and mortality in insti-
tutionalized elderly. Although 30 edentulous patients
who had dentures but had not used them were included
in Group C, their mortality rates were similar to that of
the other edentulous patients who did not have den-
tures (data not shown); therefore, such a distorting
mechanism is unlikely.

In summary, our findings highlight a broader concern
about inadequate dental status for mastication in insti-
tutionalized elderly people and its relation to poor out-
comes. Moreover, the present study provides a basis for
keeping an adequate dental status in institutionalized
elderly patients in order to minimize poor dental status
related deaths. Thus, our findings suggest that systemic
attention to dental status should be recommended.
However, further study about the relationship between
poor dental status and specific causes of mortality is
necessary to better elucidate the role of poor dental sta-
tus both as a precursor and as a sequel of disease states
to improve methods for its management.
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of these cnzymes on the development of pncumonia in

Background: Oxidative stresses including cigarette smoking
are implicated in the pothogenesis of cerebrovascular
diseases, which are associated with pneumonia because of
frequent aspiration. Haem oxygenase-1 {HO-1) acts in
cytoprotection against oxidants, provides anti-inflammatory
effects, and inhibits atherogenesis. A (GT), dinuclectide
repeat in the human HO-1 promoter modulates HO-1 gene
expression and shows length polymorphism, which is
grouped into three classes: class S {<27 repeots), class M
{227, <33 repeats), and class L (=33 repeats) alleles.
Objective: To investigate the correlation between the HO-1
gene polymorphism and development of pneumonia in
elderly Jopanese.
Methods: The length of the (GT), repeats was analysed in
200 elderdy patients with pneumonia and 200 control
subjects. The association of the HO-1 gene polymorphism
with risk of pneumonia was estimated by logistic regression.
Results: The proportion of dllele frequencies in class L, and
the proportion of genolypic frequencies in the L-allele carriers
{L/L, L/M, and L/S), was significantly higher in pofients with
" pneumonia than in controls {20% v 10% in class L, and 34% v
18% in L-allele carriers). After adjustment for potentially
confounding factors, both cerebrovasculor disorders and
HO-1 gene L-cllele carriers were significant and independent
risk factors for pneumonia. The adjusted odds ratio for -
allele carriers v non-L-allele carrier was 2.1 (95% confidence
interval, 1.2 to 3.4).
Conclusions: The large size of a (GT), repeat in the HO-1
gene promoter may be associated with susceptibility fo
pneumonia in the older Japanese population.

people, it is also the most common causc of decath from

nosocomial infection in the Japancsc population.’
Disorders of the central nervous system arc morce likely to
develop in the elderly, and pneumonia has been cstimated to
occur in about one third of patients with stroke.”
Cerebrovascular discase is associated with a high incidence
of pncumonia owing to frequent aspiration.? As well as
factors including diabetes mellitus, hyperlipidacmia, and
hypertension, oxidative stresses such as cigarctte smoking are
also associated with the pathogencsis of cerebrovascular
disease.’ Genetic factors affecting antioxidants may be
involved in the susceptibility to atherosclerosis of the cerebral
arteries and the subsequent development of pneumonia in
the elderly. Although the antioxidant enzymes inhibit the
formation of atherosclerosis,® the roles of reduced expression

Pncumonia is not only a common infection in older

elderly people are still uncertain.

Hacem oxygenase (HO) oxidatively degrades haem to
biliverdin, which is subsequently reduced to bilirubin, an
efficient scavenger ol reactive oxygen species (ROS), by
biliverdin reductase.* HO-1, an inducible form of HO—and
also a constitutive form of HO, including HO-2—provides
ccllular protection against haem mediated and non-hacm-
mediated oxidant injury.* HO-1 is thought Lo be an essential
component in protection against various ROS.

A (GT),, repeat in the 5’ flanking region of the human HO-1
gene is polymorphic,” and modulates human HO-1 gene
transcription by thermal siress® and hydrogen peroxide.” The
size of the (GT), repeat in the HO-1 gene is associated with
the antiapoptotic cffects of HO-1 in lymphaoblastoid cell
lines.” We have shown that the size of the (GT),, repeat in the
HO-1 gene is associated with susceptibility to chronic
pulmonary emphysema (CPE)’ and lung adenocarcinoma,™
and with longevity'" in Japanese populations. This HO-1 gene
polymorphism is also associated with coronary artery discase,
one of vascular diseases related to ROS." However, the
association between the size of the (GT), repeat in the HO-1
gene and the development of pneumonia in older populations
is still uncertain.

In the present sindy, we screened aliclic frequencies of the
(GT), repeats in the HO-1 gene promoter in clderly people
with and without pncumonia, and examined the association
between the visk of senile pneumonia and length of the (GT),,
repeats.

METHODS

Clinical protocol and patient choracteristics

We studied 200 clderly patients with pncumonia and 200
elderly control subjects without pneumonia, attending the
departments of internal medicine in six hospitals in Miyagi
prefecture. The hospitals were a university hospital, a Red
Cross hospital, three public general hospitals, and a
municipal hospital. All participants were Japancse and aged
65 and older. To evaluate whether HO-]1 genotypes are
associated with the development of pneumonia in clderly
Japanesc peoplc, we sclected the subjects with a performance
status of 2 or better” and in a stable statc as potential
participants, because those with too low a performance status
ran a greater risk of infectious disease, which might mask the
preventive effect of any genctic factors. Patients were given a
score of 0 if they were fully active and asymptomatic, 1 if they
were sympiomatic but fully ambulatory, 2 if they were

Abbreviations: COPD, chronic obstructive pulmonary disease; CPE,
chronic pulmonary emphysema; HO, haem oxygenase; HO-1, inducible
lfwaem oxygenase; ROS, reactive oxygen species; TNF, tumour necrosis
actor
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Table 1 Charocteristics of the study subjects
Confrol subjects Patients with
Charadteristics {n=200} pneumonia [n =200} p Valve
Age (years) 73.8{0.7) 75.4 (1.0} NS
Sex
Male 99 {50%) 101 {50%) NS
Femdle 101 {50%) 99 {50%)
Performance status
01 114 (57%) 108 (54%) NS
2 86 {43%) 92 {46%}
Smoking histary {pack-year)® 18.2 (2.6) 19.3(2.8) NS
Cerebrovascular disease
Yes 14 (7%) 101 {50%) «<0,0001
No 186 (93%) 99 [50%)
COPD
Yes 35(18%) 38 (19%) NS
No - 165 {82%) 162 {81%)
Congestive heart failure
Yes 17 {9%) 28 {14%) NS
No 183 {91%) 172 86%)
Hyperiension
Yes 43 {22%) 59 {30%) NS
No 157 (78%) 141 [70%)
Diabetes mellitus
Yes 21 {10%) 34 {17%} NS
No 175 (50%) 166 (83%)
Hyperlipidaemia
Yes 9 (5%) 10 (5%) NS
No 191 (95%) 190 (95%)
Values are n [%) or *mean {SD).
CQOPD, chronic obstructive pulmenary disease.

sympiomatic and confined to bed or chair for less than 50%
of their waking hour, 3 if they were symplomatic and
confined to bed or chair for more than 50% of their waking
hours, and 4 if they were completely bedridden. The study
was approved by the Tohoku University ethics committee,
and informed consent was obtained from cach subject. This
study was carried out between April 2002 and December
2004.

During the study period, 264 elderly patients with
pneumonia were identified. Pncumonia was defined as
pulmonary infiltrate on chest radiograph, cough, and a
temperature higher than 38.0°C.* All patients with pneumo-
nia had the features of pulmonary infiltrate on chest
radiographs, cough, and a temperature above 38.0°C. The
patients were enrolled consecutively. Among them, we
sclected for the case group those with a performance status
of 2 or better and in a stable state. We excluded patients who
were immunocompromiscd—for example, those with active
malignant disease, on renal dialysis, veceiving corticosteroid
treatment, or with HIV-1 infection. Patients were also
excluded if they had obvious swallowing dysfunction,
chronic sepsis in pressure sorcs, venous ulcers, or an
indwelling urinary catheter. After these selections and
exclusions were applied, 200 elderly patients with pneumonia
were enrolled in the case group.

Potential control subjccts were 439 clderly patients who
continued attending the departments of hospitals over the
study period and who had ncver had pncumonia at any time
in their life including the study period. Control subjects were
excluded if their past history relating to pneumonia were
unclear. After the same sclection and exclusion criteria as in
the case group were applied, 383 control subjects were
available for frequency matiching. To carry out a case~control
study, we randomly selected 200 control subjects in a
frequency matched manner from the control cohort. They
were frequency matched on age (5 years), sex, smoking
history, and performance status with the patients with
pncumonia. Physical characteristics, smoking history, and
complications in patients with pneumonia and control
subjects are shown in table 1.

Analysis of length variability of (GT}, repeats in HO-1
gene promoter

Genomic DNAs were extracted from lcucocytes in peripheral
venous blood by conventional procedurcs. The 5'-flanking
region containing a poly {GT),, repeat of the HO-J gene was
amplified by polymerase chain rcaction (PCR)Y " with a
fluorescently labelled primer pil-s (5-AGAGCCTGCAGC
TTCTCAGA-3') and an unlabeled antisense primer pl-as
(5'-ACAAAGTCTGGCCATAGGAC-3"), which were designed

Toble 2  Allele and genotypic frequencies of HO-1at polymorphic locus
o Lo Pafients with - - OR (95% CT) v dll
Control subjects - - pneumonia. - - other dasses or
. [n=200) - | - {n=200} " subjects . . p Value

Allele class

L 38 (10%) 79 (20%) 23151 3.5) <0.0001

M 189 (47%) 159 [40%) 0.7 (0.5 0.9) <0.05

S 173 [43%) 162 {40%) 090710 1.2) NS
Genotype group

L-allele carrier 36 (18%) 68 {34%) 23(1.5103.7) <0.001

Non-L-allele carrier 164 (82%) 132 {66%)
Cl, confidence interval; OR, odds ratio.

www.jmedgenet.com
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Table 3 Multivariate andlysis of risk factors reloted to
pneumonia in older adulfs
Variable
Haem oxygenase-1 genotype
subgroup
L-allele corriers v non-i-allele
carriers
Cerebrovasasdar disease

Yes vno

*OR waos colculoted with the non-L-ollele carriers as the reference group,
and odiu{bed for oge, gender, performance status, smoking history, and

OR (95% €} p Volue

2.1{1.2t0 3.6} <0.01

28.0 {13.3 1 58.6)t <0.0001

$OR wus cokeulated with the patients without cerel ulor di as
the reference group, and adjusted for oge, gender, performance status,
smaking history, HO-1 genotype, and complications other than
cerebrovascular diseose.

Cl, confidence interval; OR, odds rotio.

according to the published sequence.” * The PCR was carried
out over 30 cvcles of 20 scconds at 94°C, 10 scconds at 60°C,
and 20 seconds at 72°C. The PCR products were analysed in a
DNA sequencer (ALF express IT DNA sequencer version 2.2,
Amersham Pharmacia Biotech, Piscataway, New Jersey,
USA). Each size of (GT), repeat in the PCR product was
calculated with ALFwin fragment analysis version 1.03
(Amersham Pharmacia Biotech) using four cloned allcles as
size markers, which were already sequenced with the ABI
prism dyc terminator sequencing kit (Perkin-Elmer Applicd
Biosystems, Foster City, California, USA).” The repeat
numbers of these size markers were 16, 23, 29, and 38,
respectively.  The  investigators  of genetic  analysis were
blinded with respect 1o the status of the subjects.

Carboxyhoemoglobin concentrations in patients with
pneumonia

Blood samples were taken from the radial artery in paticnts
with pncamonia on the first day of hospital admission. The
patients for the carboxyhaemoglobin analysis were all non-
smokers and consisted of five L-alicle carriers and five non-L-
allele carricrs (L/L genotype and S/S genotype, respectively),
who showed a similar C reactive protein concentration (15.0
to 20.0 mg/dl) and whitc blood ccll (WBC) coumt (9500 to
12 500 cells/ul) at the time of analysis. The carboxyhaemo-
globin concentrations were measured with a spectrophot-
ometer {ASL System, Radiomeler, Copenhagen, Denmark)."”

Statistical analysis
In the analysis of HO-1 gene polvmorphism in this study, the
patient and control groups were frequency maiched by age,
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sex, performance status, and smoking history. For statistical
analysis, age and smoking history (pack-year) between the
two groups were compared using Student’s ! test, and sex,
performance status, and the frequency of the complications
between the two groups were compared using y? tests
{table 1), as described previously in coronary artery disease.”
The proportion of allelic frequencics and genotypic frequen-
cies between the two groups were also compared using the y°
test (table 2). Factors associated with the presence of senile
pncumonia such as age, sex, performance status, smoking
status, complications, and HO-1 gene polymorphism (L-allcle
carricr) were examined with multivariate analysis by logistic
regression analysis (table 3). Odds ratios (OR) and their 95%
confidence intervals (CI) were calculated to assess the
velative risk conferred by a pardcular genotvpe {L-allele
carricr), and adjusted for age, sex, performance status,
smoking history, and complications using logistic regression
as described previously (table 3)."* All the statistical analyses
were undertaken using SYSTAT (version 10.2; SYSTAT
Software, Richmond, California, USA). The values for age
and smoking history (pack-ycar} are reporicd as means (SD).
The HO-1 genotype distributions were in Hardy-Weinberg
equilibrium. Significance was accepted at p<0.05.

For statistical analysis in the siudy on the comclation
between carboxyhaemoglobin level and HO-J genotype in the
paticnts with pncumonia, the mean values for age (year),
smoking hislory (pack-ycar), WBC number (cells/ul), C
reactive protcin (mg/dl), and carboxyhacmoglobin concen-
tration (%) between the five L-allcle carriers and the five
non-L-allele carriers were compared using Student's { test
and scx using the ¥ test (tabic 4).

RESULTS

Allele frequencies of HO-1 gene in control and
patients with pneumonia in older adulis

There were between 16 and 39 (GT),, repeats in the human
HO-1 gene in the study subjects (fig 1). The distribution of
the number of (GT), repeats was wimodal, as previously
reported, with nwo main peaks located at 23 and 30 GT
repeats and another peak located at 33 GT repeats.” ' We
therefore divided the alleles into three subclasses, as
previously reported’” class S (<27 repeats), class M (=27
and <33 repeats), and class L (=33 repeats) alleles.

In the control subjects, the distributions of the 400 alicles
were 173 (43%) class S, 189 (45%) class M, and 38 (10%)
class L (table 2); in thc paticnts with pncumonia, the
distributions were 162 (40%) class S, 159 (40%) class M, and
79 (20%) class L. The proportion of allelic frequencies in class
L was significanily higher in all patients with pneumonia
(n =79, 20%) than that in all contro! subjects {(n = 38, 10%)

Toble 4 Arterial blood carboxyhaemoglob

in in patfients with pneumonia

2 e " (podeyeart  (els/l  (mg/dl® * HECO (it
L-oflele corrier 1 1% 71 M 0 12 300 18.3 0.57
tallele corrier 2 i 45 F 0 10 500 15.2 0.20
L-allele corrier 3 13 79 F 0 9 700 157 0.80
L-allele carrier 4 1R 73 F [1] 2@ &00 19.0 0.21
tolflele corrier 5 18 76 F 0 10020 19.4 1.20
Non-t-cllele corrier 1 '8S° 65 M 0 12 400 18.5 1.50
Non-L-allele canier 2 SS 77 M [4] 11 000 16.3 1.20
Non-L-ollele cormier3 S5 7 F 0 10 500 19.2 1.02
Non-L-allele carrier 4 SS 65 F 0 9 900 154 110
Non-L-allele carrier 5 5S 75 F 0 9 600 19.5 0.90

*There was no significont difference in the mean value between L-oflele carrier and non-L-dflele corrier (p>0.7).
FThere wos no significant difference in the ratio between L-dllele carrier and non-L-dllele carrier (p>0.5).
$There wos a significant difference in the mean value between L-allele carrier and non-t-allele carrier (p<0.04).
CRP, C reactive protein; F, female; Hb-CO, carboxyhoemoglobin; M, male; WBC, white blood celt count.
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Figure 1 Frequency distribution of the number of {GT), repects in control subjects {n= 400 alleles) and patients with pneumonia {n =400 alleles).

{(p<0.0001). The odds ratio for pneumonia with L alleles v
non-L alleles {class M allele + class § allcle) was 2.3 {(95% CI,
1.5 10 3.3) (table 2).

Genotypic frequencies of HO-1 gene in control and
patients with pneumonia

Six genotypes (UL, L/M, LS, M/M, M/S, and S/S) of (GT),
repeats in the human HO-1 gene promoter were divided into
two subgroups according to allelic subclasses: L-allele carriers
with a class L allele (L/L. I/M, L/S) and non-L-allele corriers
without a class L aliele (M/M, M/S and §/S).” The proportion
of genotypic frequencies in L-allele carriers was significantly
higher in all patients with pneumonia (n = 68, 34%) than
that in all control subjects (n =36, 18%) (p<<0.0001). The
odds ratio for patients with pneumonia with L-allele carriers
v non-L-allele carriers was 2.3 (95% CI, 1.4 10 3.7) (tablec 2).

Risk factors for pneumonic

On muliivariate analysis, cerebrovascolar discase (p<0.0001)
and HO-1 genotype (p<0.01) were significantly and inde-
pendently associated with the development of pncumonia
trable 3), when the variables were adjusied by age, sex,
performance status, smoking hisiory, and complications
including congestive heart failure, COPD, hyperiension,
diabetes mellitus, and hyperlipidacmia. The adjusted odds
ratio {95% CI} was 2.1 {1.2 10 3.6) for HO-1 genotype and 28.0
{18.3 to 58.6) for cerebrovascular disease (table 3).

Carboxyhaemoglobin concentrations in patients with
pneumonio

To show the correlation between HO-! genotype and HO-1
activity caused by the inflammation of pncumonia, we
cxamined the carboxvhacmoglobin concentration in sceveral
patients with pneumonia on their first day of hospital
admission. The subjecis for carboxyhaemoglobin analysis
were five L-allele carriers and five non-L-allele carriers (L.
acnotype and $/S genotype, respectively). There were no
significant differences in age, sex, smoking history, WBC
count, and C reactive protein concentration level between
these twao groups. However, the patients without the L-allcle
showed significanily higher carboxyhaemoglobin Jevels than

www.imedgenet.com

those with the L-allcle (1.14
respectively; p<0.04) (iable 4).

(0.23)% v 05 (0.42)%,

DISCUSSION

In this study we analysed HO-!1 gene polymorphism and
showed that the proportion of allele frequencies in class L
and the proportion of genotypic frequencies in the L-allele
carriers (L. LM, and L/S) were significantly higher in
clderly people with pncumania than in control subjects. The
proportion of subjects with cerebrovascular disease in the
pnenmonia group was significantly higher than in the control
group. With muhivariate analysis, HO-I genotype and the
presence of cerebrovascular discase were significant and
independent risk factors for pneumonia. These findings
suggest that the large size of a (GT), repeat in the HO-}
gene promoter may be associated with the development of
pncumonia in older Japancse people with cerebral infarction.

Disorders of the central nervous system are more likely o
develap in the clderly, and pncumonia has been estimated 10
occur in about one third of patients with stroke.” Basal
ganglia infarction is associated with a high incidence of
pncumonia owing 1o frequent aspiration’® resulting from the
reduction in the cough and swallowing reflexcs.' In facy, in
the present study, half these older patients with pncumonia
also had cerebrovascular disease.

Ogxidative stress such as cigarette smoking' is one of the
important risk factors for cerebrovascular discases, including
basal ganglia infarction. Various ROS including superoxide
and hydrogen peroxide induce lipid peroxide formation,
which is a key process in atherosclerotic plaques in
hypercholesterolaemia.”™ ROS are also involved in the brain
rissue damage in stroke.”™ On the other hand, antioxidant
systems such as glutathione, superoxide dismutase, and HO
are suggested to proicct the vascular discase caused by ROS.”
The initial degradation of haem by microsomal HO involves
the liberation of iron and CO and the formation of biliverdin,
which is subsequently reduced to bilirubin by cytosolic
biliverdin reductasc.* Higher intracellular HO-1 activity may
increase the content of bilirubin, which is an efficient
scavenger of ROS. and a natwral inhibitor of intimal
hyperplasia afier balloon injury.™ In faci, Ishikawa e 4l
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reported inhibitory effects of HO-1 on the atherogencsis in
hyperlipidaemic rabbits.” Enhanced endothelial cell injury
caused by oxidative stress was observed in a human case of
HO-1 deficiency.” Reduced expression of HO-1 might be
partly associated with the development of stroke and
subsequent pneumonia.

A {GT), dinucleotide repeat in the 5'-flanking region of
human HO-1 gene shows length polymorphisim.” We pre-
viously reported the influence of the number of the (GT),
repeats on the inducibility of the HO-1 gene promoter under
oxidative stimulus by transient transfection assay in human
cell lines. The promoter activity of HO-1 is modulated by the
length variability of the (GT), repecats, and large (GT),
repeats have a potent inhibitory activity on H.O, induced
gene expression of HO-1.7 Furthermore, Epstein-Barr virus
transformed lymphoblastoid cell lines were established from
smokers with class L alleles (L/L) and with class S (5/S).
When rreated with H,0,, lymphoblastoid cells with the WL
genotype showed lower viability than those with the $/S
genotype.” The GT dinucleotide repeat polymorphism has
cmerged as a polent genctic risk faclor in various discases,
including vascular discases such as coronary arteriosclerosis’
and restenosis after balloon angioplasty.” These findings are
consistent with the view that tissues of the non-L allcle
carrier could employ the antioxidant activity of HO-1 to a
greater extent than that of the L-allele carrier when exposed
to reactive oxygen species.’ Large (GT),, repeats may affect
the protective function against oxidant induced vascular
endothclial injury and artcriosclerosis through the inhibition
of HO-1 cxpression.

The results of our study suggest that the HO-] genotype is
associated with susceptibility to pneumonia independently of
cerchrovascular discase. Senile pncumonia is characterised by
a high likelihood of aspiration pneumonia.” The severity of
aspiration pneumonia is associated with the lung inflamma-
tion mediated by cytokines such as tumour necrosis factor o
{(TNFa).” On the other hand, it was reported that over-
expression of the HO-1 gene attenuated inflammation and
decrcased apoptosis of bronchial cpithelial cells in a murine
model of lung inflammation induced by Pseudomonas acrugi-
nosa.®* Furthermore, overexpression of the HO-1 gene could
reduce TNFa mediated apoplotic cell death in human
endothelial cells.® These findings suggest that HO-1 gene
cxpression could be associated with the progress of aspiration
pncumonia, and that reduced cxpression of the HO-1 gene in
clderly L-allcle carricrs might allow the development of
pneumonia independently of cerebrovascular disease.

To examine the association between HO-1 genotype and
HO-1 activity in the pneumonia, we evaluated the carbox-
yhacmogiobin lcvel in L-allele carriers and non-L-allele
carriers with pneumonia. As a result, even after adjustment
for the peripheral WBC count and C reactive protein level,
patients without the L-allele showed higher carboxyhaemo-
globin levels than those with the L-allele. Carbon monoxide
(CO) is produced endogenously by HO and combines
haemoglobin 1o form  carboxyhaemoglobin  complex.
Thercfore, the carboxyhacmoglobin concentration in the
subject is a good marker of cndogenous HO activity.”
Furthermore, it has been reported that HO-1 is strongly
induced in patients with bacterial infection.® We have
alrcady shown that arterial carboxyhacmoglobin increascs
at the onset of pneumonia in untreated patients returns to
baseline on recovery after treamments.'” We also showed that
an incrcasc in arterial carboxyhacmoglobin in pncumonia
would be cawosed by carbon monoxide production in
puhmonary inflammation, and that the arterial carboxyhae-
moglobin is significantly corrclated with discasce severity in
patients with bacterial pneumonia.® A study of lymphoblas-
toid cell lines by Hirai ef al showed that mRNA level and

50f6

activity of HO-1 were significantly highcer in lymphoblastoid
cells with the $/S genotype than in those with the LL
genotype after oxidant stimulation.” Therefore, analysis of the
carboxyhaemoglobin level in pneumonia according to HO-1
genotype would darify the association between the HO-1
acnotype and HO-1 activity—that is, the HO-1 protein level,
resulting from pneumonia. These findings suggest that HO-1
induction might be associated with the HO-1 genotype
(S>M>1).

In contrast to arterial blood carboxyhacmoglobin concen-
trations, we did not mecasurc HO-1 aclivity in patients with
pncumonia at the onset. However, we obtained new blood
samples from cight people in the control group and scven in
the pnevmonia group after recovery from pneumonia, and
analysed the serum HO-1 protein levels using enzyme linked
immunosorbent assay methods as previously described.™
There was no significant difference between these two
groups when they were in good physical condition (2.6
(1.2) v 2.4 (1.0) ng/ml, p>0.2). These values were compatible
with the resulis from a previous report.”® Because the HO-1
gene is inducible by inflammation or oxidative stress, the
baseline expression of the this gene should be low regardless
of the HO-1 genotype, which was demonstrated in lympho-
blastoid cell by Hirai ¢/ al’ Further studics are needed o
clarify the relation between HO-1 activity and the HO-]
genotype at the onset of pneumonia.

Conclusions

This is the first study to show that the 5'-flanking
polymorphism in the HO-1 genc is associated with the
development of pneumonia in an older Japancse population
with basal ganglia infarction. Incrcased susceptibility to
developing pneumonia may be associated with sclerosis in
the cerebral arteries.
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ACE inhibitors and protection against
pneumonia in clderly patients with stroke

T. Arai, MD; K. Sckizawa, AID; T. Ohrui, MID; H. Fujiwara, MD;
N. Yoshimi, MD; H. Moisuoka, MD; and H. Sasaki, MD

Pneumonia is the most common cause of death firom nosocomial
infection in the elderly. The increased incidence of pneumonia and
the high mortality are conseguences of a number of age-reluted
factors, including coexisting illnesses, therapeutic interventions,
and the aging process itself.’ Pneumonia has been estimated to
oceur in about one third of patients with stroke.? The most impor-
tant factor contributing to the risk of pneumonia in patients with
stroke is suggested to be dysphagia with aspiration.!

Angiotensin-converting: enzyme (ACE) inhibitors have been
shown to improve silent aspiration® and prevent pneumonia in
elderly patients with stroke.! However, little is known about
whether ACE inhibitors have a beneficial role in reducing the risk
of pneumonia as compared to other classes of antihypertensive
drugs in elderly patienis with siroke. Thus, we investigaied
whether ACE inhibitors can reduce the risk of pneumonia ss
compured to other antihypertensive drugs.

Methods. We recruited patients with stroke who were fol-
lowed up for more than 6 months afier their ictus from eight
outpatient clinics. We enxolled 1,190 patients in April 1999, snd
prospectively followed them for 35 months. The criteria for diag-
nosis of pneumonia and the patients’ inclusion and exclusion cri-
teria were deacribed previously.® Eligible patients were those whio
received antihypertensive therapy, had a history of stroke, but
were not bedridden.

We analyzed the incidence of pneumenia in thrce groups of
hypertensive patients with stroke who were classified on the basis
of treatment with antibypertensive drugs as follows: patients who
received ACE inhibitors, calcium-channel blockers, and diuretics.
Our hypertensive patients received only the same class of antihy-
pertensive drugs. The control group consisted of non-hypertensive
patients with stroke who did not receive any antihypertensive
drugs. Follow-up data were available for all participants.

For the main analyses, we used the log-rank procedure and
Cox's proportional hazards model to caleulate the CI. Cumulative
incidence curves were generated by the Kaplan-Meier method for
endpoints in the ACE inhibitors, calcium-channel blockers, diuret-
ics, and conirel groups. Significance was set al p < 0.05.

Results. There were no significant differences in age, sex,
stroke severity as assessed by NIH Stroke Scale,® and poststroke
duration among the four groups (table). During the follow-up, new

Table Characicristics and clinical features of the four groups

pneumonia was diagnosed in 12 (2.8%) of the 430 patients in the
ACE inhihitors group, 36 (8.8%) of the 409 patients in the calcium-
channel blockers group, 29 (8.3%) of the 351 patients in the di-
uretics group, and 14 (8.8%) of the 160 patients in the control
group. The patients in the ACE inhibitors group had a lower risk
of pneumonia than those in the control group; the hazard ratio
was 0.30 (95% CI 0.14 to 0.66, p = 0.0013). However, ithe risk in
the calcium-channel blockers group (1.01, 95% CI1 0.53 L0 1.92,p >
0.40) or the diuretics group (0.94, 95% CI 0.48 to 1.83, p > 0.30)
did not differ from that in the control group.

Discussion. We found a significantly reduced risk of pneumo-
nia in patients receiving ACE inhibitors vs control patients. No
such decreased risk was noted in users of caleium-channel block-
ers or diuretics. Silent aspiration reportedly disappears by treat-
ment with ACE inhibitors in association with an increase in the
serum substance P levels in hypertensive patients with stroke.?
ACE inhibitors may increase the serum substance P levels,
thereby reducing aspiration pneumonia in elderly patients with
stroke.

A recent large-scale randomized trial has demonstrated that
treatment with ACE inhibitors significantly reduced the risk of
pneumonia among the participants of Asian ethnicity, although
the protective effects of ACE inhibitors against pneumonia were
not observed in the non-Asian pariicipants.” However, this trial®
included patients with a history of transient ischemic attacks and
the mean Barthel index score of the patients was quite high, Since
the incidence of pneumonia increased in association with a de-
crease in the Barthel index score,’ the effects of ACE inhibitors
against pneumonia might be underestimated by a population of
patients with a high activity of daily life. OQur present study only
included patients with well-documented cerebral hemispheric
strokes.

The present study supports the hypothesis that treatment with
ACE inhibitors may be beneficial in reducing the risk of pneumo-
nia in elderly patients with stroke.

From the Avai Clinic (Dr. Arai), Gifu; Department of Respirutory Medicine
(Dr. Sekizawa), Institute of Clinical Medicine, Universily of Tuskuba,
Jburaki; Department of Geriutric and Respiratory Medicine (Drs. Ohrui and
Sasali), Tohokn University School of Medicine, Sendui; Second Departnient
of Internal Medicine (Dr. Fujiwara), Gifu University Schuol of Medicine,
Gifu; Tumor Patholugy (Dr. Yoshimi), University of Ryukyw Facully of Med-
icine, Okinawa; and Department of Internal Medicine (Dr. Maisuoka),
Dokkyo University School of Medicine, Tochigi, Japan.
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ACE inhibitors Calcium-channel blackers Diurctics Control
Nv. 430 409 351 160
Female/Anale 224/206 213/186 183/168 78/82
Mean age, y 75 (1) 75(1) 75 (1) 76 (1)
Stroke severity 6(1) 6(1) 6(1) 6(2)
Postisiroke duralion, y 3.1(1.1) 3.3(0.9 3.4 (1.1) 3.3(1.2)

Values in parentheses are SD.

ACE = angiotensin-converiing enzyme.
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Hypernatremia from a hunger strike as a
cause of osmotic myelinolysis

Annette HM. van der Helm-van Mil, MD;
Jeroen P.P, van Vugt, MD, PhD; Gert Jun Lammers, MD, PhD;
and Hubertus 1.J. Harinck, MD, PhD

Too rapid correction of hyponatremia often causes osmotic myeli-
nolysis. A rapid shift from normal Lo hypernatremia may also be
dangerous. We report a hunger striler that developed an extreme
serum godium concentration followed by coma and radiclogic ab-
normalities characteristic of osmotic myelinolysis,

Case report. A 19-year-old Algerian asylum seeker started a
hunger strike after his residence permit had been rejected. 1dis
medical history was unremarkable. He uvsed no medications, in-
cluding lithivm, One month before fasting, he was placed in isola-
tion becanse of behavioral disturbances, At this time, the weather
was hot, and the patient refused sufficient iniake of water and
food. One day after he stopped eating and drinking, he became
confused; after another 5 days, he became somnolent. He was
transferred to a penitentiary hospiial. Opn admission, his serum
sodium level was 187 mmol/L, creatinine 213 pmol/L, and glucose
6.8 mmol/L. Urine ssmolality was nol measured. A feeding tube
rehydration regimen was started with 2 L/day of water, His so-
dium level was 172 mamol/L the next day. After 2 days, he became
comatose and was referred to our intensive care unit. On admis-
sion, his blood pressure was 105/55 mm Hg, temperature was
38.5°C, Glascow Coma Scale score was 6 (E1M4V1), the pupillary
light reflex was delayed, and the Achilles tendon reflexes were
absent. Sodium level was 152 mmol/L, potassium 2.5 mmol/L,
creatinine 91 pmol/L, wea 7.3 mmol/L, phosphate 0.41 mmol/L,

magnesium 0.96 mmol/L, and albumin 26 g/L. CT of the brain and
CSF analysis were normal. EEG showed diffuse slowing, A chest
radiograph showed bilateral infilirates. The patient was intubated
and treated for aspiration pneumonia. Potassium and phosphate
were replaced.

Because of the extreme hypernatremia, osmotic myelinolysis
was considered. Brain MRI 5 days after adimission was consistent
with pontine and extrapontine myelinolysis (figure, A and B). MRI
also vevealed acute hydrocephalus (see the figure, B) and posterior
fossa edema (see the figure, C). An external ventricular drain was
inserted. The intracranial pressure proved normal, As the patient
did not respond to 6 days of drainage, the drain was removed,
Over the next days, the pupillary light reflex normalized and the
patient regained consciousness. When asked, he was able to open,
close, and move his eyes and slightly move his fingers. No other
voluntary movements were possible. Afler 1 month, his neurologic
condition gradually improved. After 4 months, he was able to
speak and walk shorl distances. Afier 7 months, he was fully
recovered bul needed o cane while walking.

Discussion. We preseni a hunger striker that developed os-
molic myelinolysis due to extreme hypernatremia from dehydra-
tion. The clinical presentation with confusion and coma several
days afler onsct of the severe elecirelyte disturbance followed by
sponianeous recovery in the course of months is consistent with
osmotic myelinolysis?

Central poniine myelinolysis was first described in 1959, asso-
ciated with aleoholism and malnutrition.? In 1978, it was first
linked to hyponatremia.? In hypolonic hyponalremia, water ini-
tially enters brain cells, resulting in cercbral edema. The brain
cells adapt hy losing electrolytes and organic osmolytes, thus ar-
resting a further influx of waler. If chronic hyponatremia is cor-

Figure. Axial fluid-atienuated inversion recovery MRI of the brain showing hyperintensities in the dorsolateral regions of
the pons (A) and bilaterally in the thalumus, globus pallidus, and capsuly extrema (B), consistent with osmotic myelinol-
ysis. Also note the enlargement of the lateral and third veniricles with periveniricular hyperiniensities (B). This aculy
triveniricular hydrocephalus was presumably caused by posterior fossa edema, yielding impaired CSF circulution (C).
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1 Werner EfREREDOHE - BE O 7 71L& NEEBH

5iE Bl 1 2 3 4 5
SER (B /HER 52/ | 57/%ct | 54/ | 39/ | 46/
BMI (kg/m? 21 17 20 20 17 §
EiE d hHh |k L |k L|d v | & L
T-CHO (mg/dl) 35311 297 % 163 210 270 ¢
TG (mg/dl) 530 1| 340t 180t | 410t | 3001
FPG (mg/dl) 92 98 1281 | 2101% 198 ¢
HbA. (%) 6.0t 721 6.8 t 74 1 841
ZEE I IRI (. U/mi) 20 t 28 1 70 t 14t 28 1
PR IR R A (em®) 175 1 96 75 134 t 112 ¢
V/S e (FHEfE<0.4) 151 221 2.6 1 091 0.7 t

BMI: body mass index, V: WEEIERETRE, S: &2 T IREITA.
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2 Werner FEfREEBEOMBP TNF - BE CIB "B L ORFERT— 7 L 0 ER)
a: Werner JEfRHEEE (WS) T, BHRBOFEIZI 2D LT, ¥V bo— (@)
RO TNF - EEFFEICEET R L.
b: BiRFE % AT 5 Werner SERHBFSEFICEF 7Y ¥V % 16 8RR ES LS
%, i TNF-o IBEOKTZ RO

REREE, FEAFHERLBILEZEHF LT, HFESEHEHE L TPPARy (peroxisome pro-
AZERY) vy 7y FO—AIEHTARELXET  liferator—activated receptor y) D7 T= A + T
HIEDPHOLNE R ST HEFTVN Y IFEEBHALNT WS,
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