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Background: Parallel to increased life expectancy, the 
number of very elderly patients hospitalized in internal 
medicine departments is growing rapidly, although clinical 
data on hospital care are lacking. 
Objectives: To investigate the sociodemographic data, 
hospitalization characteristics and outcomes of nonagenarian 
patients, as these measures are necessary for evaluating 
prognostic information and predictors of mortality. 
methods: We reviewed the medical records of all patients 
aged ≥ 90 hospitalized in our institute's Department of 
Internal Medicine. The data comprised 482 admissions of 
333 patients hospitalized over a one year period.
results: Half of the study patients were residents of nursing 
institutions. A high rate of atrial fibrillation was documented 
(106 patients, 32%). Acute infectious diseases constituted 
the leading diagnosis (276/482 admissions, 57%), followed 
by acute coronary syndrome (17% of admissions). In-hospital 
mortality occurred in 74 patients (22%). Chronic therapy 
with statins or acetylsalicylic acid was inversely related to 
mortality (P < 0.05). The main predictors for in-hospital death 
of nonagenarians were pressure sores, older age, atrial 
fibrillation, malignant disease, and admission due to an 
acute infection, especially Clostridium difficile-associated 
diseases. In addition, mental decline, permanent urinary 
catheter, leukocytosis, renal failure and hypoalbuminemia 
predicted post-discharge mortality. Admission due to an 
infectious disease but not acute coronary syndrome was 
significantly correlated to in-hospital and post-discharge 
mortality (P < 0.001).
conclusions: Hospitalized nonagenarians comprise a 
growing group with distinct characteristics and increasing 
significance in the daily practice of internal medicine 
departments. Comprehensive assessment of the elderly 
at admission together with identification of the above 
clinical and laboratory risk factors for mortality will help 
determine in-hospital management, discharge planning and 
rehabilitation programs.
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i n recent years we have been witnessing a reduction in late-
life mortality, together with increased life expectancy and 

expansion of the older sector of the population. Nonagenarians 
(people in their nineties) now comprise a significantly larger 
population than they did before. The number of the oldest 
old in the United States is expected to double within 30 years 
[1]. Similarly, about 20% of people born in the last decade in 
Israel are expected to live at least to the age of 90 (assuming 
constant mortality patterns) [2]. In keeping with this trend, 
the saying "the nineties are the new eighties" is in fact becom-
ing true [3]. Concomitant with the prolonged longevity of our 
society, there is a rapid increase in the hospitalization rates 
of the oldest population. Clinicians nowadays attend many 
more nonagenarian patients than before, especially in inter-
nal medicine departments. These departments are the major 
health care providers for the elderly in medical institutions, 
given the dearth of hospitalization beds in geriatric wards.

Aging itself is associated with deterioration in health sta-
tus, and acute hospitalization of the elderly even more so. 
The latter can be a double-edged sword for this population, 
as it might be followed by progressive physical and functional 
decline and increased in-hospital and post-discharge mortal-
ity. Most of the literature data on this subset of nonagenarian 
patients are the result of community-based surveys [4-7], 
whereas hospitalization-based data in the literature focus on 
surgical patients, especially regarding issues of interventional 
procedures in the very old [8-10]. On the other hand, clinical 
data on the acute care of nonagenarian patients in internal 
medicine departments are lacking. Moreover, old age by itself 
is an exclusion criterion in many clinical trials and, com-
monly, the results of studies of younger patients are extrapo-
lated to the very old population. Only a few studies have 
evaluated, independently, predictors of mortality in cohorts 
of nonagenarian patients in internal medicine [11,12].

The main objective of the present study was to evaluate the 
sociodemographic, functional and clinical data collected at 
the admission of nonagenarian patients, as well as hospitaliza-
tion characteristics and outcomes. These measures provide 
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essential information on health status and hospital care of this 
population, enabling the evaluation of prognostic information 
and predictors of in-hospital and post-discharge mortality.

Patients and methOds

For this observational cohort study, data were collected in the 
internal medicine department of the Carmel Medical Center, 
a 106-bed department in a 450-bed general community 
hospital affiliated with the Technion’s Faculty of Medicine 
in Haifa, Israel. Included in the study were all patients aged 
90 and above hospitalized in the internal medicine depart-
ment during the year 2006 (total of 333 patients, admitted 
482 times during the study period). The institutional ethics 
committee approved the study. 

The medical records of all participants were collected 
from the department or hospital archive and examined by 
one researcher, using a predetermined data collection form. 
The following data were collected: 

sociodemographic and functional data•	

Sociodemographic data included age, gender, and place of resi-
dency. Functional, mental and cognitive status at admission was 
assessed according to the Carmel Hospital nurses' admission 
scale, calculated for each patient at arrival (an expanded scaled 
assessment form based on the Norton risk assessment score 
[13] with additional cognitive assessment). Also recorded were 
medical data concerning urination, feeding, presence of pres-
sure sores, and utilization of chronic oxygen therapy at home. 

medical status before hospitalization•	

Patients' co-morbidities were documented. Each patient’s 
chronic drug therapy and total number of drugs was recorded. 

clinical information during hospitalization•	

This included the number of admissions during 2006, dura-
tion of hospitalizations, basic laboratory tests at admission, 
and major discharge diagnoses for each admission. 

hospitalization outcomes•	

Discharge destination and mortality during hospitalization were 
documented for each patient. In addition, up to 2 year post-
discharge mortality was examined by collecting computerized 
data on mortality from the health management organization. 

statistical analYsis

Continuous data are reported as means ± standard devia-
tion, and categorical variables as numbers, percentages or 
proportions. Student's t-test was used to compare continuous 
variables. Chi-square tests were used to compare categorical 
variables, which were checked for correlation with in-hospital 
mortality. The main covariates, which were significantly associ-

ated with mortality, were analyzed using a multivariate logistic 
regression model in order to test the unique effect of patients 
and hospitalization variables on in-hospital mortality. An 
adjusted odds ratio with a 95% confidence interval was used. 
Predictive out-of-hospital survival analysis was performed 
using the Cox proportional hazard regression model. Adjusted 
hazard ratios and 95% CI were estimated. Survival curves were 
plotted by the Kaplan-Meier method. The results were con-
sidered statistically significant when the P value was < 0.05. 
Statistical analyses were performed using SAS software. 

results 

Patients' characteristics

During the study period, a total of 482 admissions of 333 
patients aged 90+ were documented in the internal medicine 
department. Baseline patient characteristics are presented in 
Table 1. The mean age of the study population was 93.1 ± 2.9 

CI = confidence interval

no. (%)
(n=333)

discharged 
alive
(n=259)

in-hospital 
mortality
(n=74) P value

Age (mean ± S.D) 93.1 ± 2.9 92.7 ± 2.6 94.2 ± 3.3 0.001

Gender: female 190 (57%) 152 38 0.288

Residence: nursing institution 168 (50.5%) 129 39 0.661

Function

< 0.0001*

Independent 68 (20.4%) 61 7

Mildly impaired 65 (19.5%) 56 9

Moderately impaired 66 (19.8%) 54 12

Fully dependent 134 (40.2%) 88 46

mental

< 0.0001*

Full consciousness 154 (46.2%) 134 21

Mild confusion 80 (24%) 62 18

Significant confusion 89 (26.7%) 59 30

Unconsciousness 10 (3%) 4 5

cognitive

0.002*

Full comprehension 164 (49.2%) 143 21

Inadequate orientation 52 (15.6%) 33 19

Dementia 117 (35%) 83 34

Urination: urinary catheter or 
nephrostomy

54 (16.2%) 30 24 < 0.0001

Feeding: nasogastric tube or 
percutaneous gastrostomy

13 (4%) 11 2 0.246

Home oxygen therapy 15 (4.5%) 14 1 0.138

Pressure sores 69 (20.7%) 39 30 < 0.0001

table 1. Baseline patient characteristics, and univariate correlation with in-hospital 
mortality 

* P value calculated for ordinal variables in each group.
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hemoglobin levels < 10.3 g/dl. More than half the patients 
had renal failure, with a mean creatinine/urea level of 1.53/76 
mg/dl (median 1.21/61 mg/dl). Relatively low mean absolute 
lymphocyte counts of 1.22 ± 0.6 (x 10³/mm³) were docu-
mented on admission.

Acute infectious disease was observed in 276 of 482 
admissions (57%) and was the leading admission diagnosis. 
Urinary tract infection, observed in 151 admissions (31%), 
was the major infectious disease. Of the positive urinary 
cultures, 24 (20%) were positive for extended-spectrum 
beta-lactamase and required broad-spectrum antibiotics. 
Pneumonia was documented in 100 admissions (21%). Less 
common were bronchitis (6%), bacteremia, soft tissue infec-
tions, osteomyelitis, and pseudomembranous enterocolitis 
(4% each). Antibiotic treatment was initiated in the emer-
gency room in 109 of the 276 patients with an acute infec-
tious disease. The mean time to first antibiotic dose (from 
arrival to the emergency room) was 4.6 ± 3.2 hours (range 
0.5–18.5, median 4 hours). Acute coronary syndrome was 
less prevalent than acute infectious disease and was observed 
in 82 admissions (17%) only; most of them (73%) were clas-
sified as non ST-elevation myocardial infarction.

Overall, 74 patients died during hospitalization (22% 
of patients). Of the 482 admissions, 317 (66% of hospital-
izations) ended with discharge back to the original site of 
residence, and in 51 admissions (11%) the patients were 
transferred to a subacute hospitalization unit in a geriatric 
institute for complete medical treatment, such as intravenous 
antibiotic therapy. The rest of the patients were transferred 
to the geriatric department (18 admissions, 4%) and to other 
in-hospital departments according to medical needs.

cOrrelatiOns and PredictOrs OF mOrtalitY

Univariate correlations of baseline patient characteristics 
with in-hospital mortality are presented in Table 1. Older 
age, deterioration in functional, mental and cognitive capac-
ity, pressure sores and the presence of a permanent urinary 
catheter were each significantly correlated with in-hospital 
mortality, in contrast to gender, place of residency and mode 
of feeding. Atrial fibrillation and past or present malignant 
diseases were the only two co-morbid conditions significantly 
correlated with in-hospital mortality. Chronic drug therapy 
with statins (HMG-CoA reductase inhibitors) or acetylsali-
cylic acid was associated with reduced risk of dying while in 
hospital. Lower blood albumin levels, elevated creatinine and 
urea, as well as elevated leukocyte and neutrophil levels were 
all risk factors for in-hospital death [Table 2]. Admission 
due to an acute infectious disease, as well as the need for 
inotropic therapy and occurrence of diarrhea with positive 
fecal Clostridium difficile toxin were strongly correlated with 
in-hospital mortality (P < 0.0001 each). However, compared 
to an acute infectious disease, the presence of acute coronary 

years (range 90–106) and the female/male ratio was 1.3. Half 
of the study population were residents of nursing homes. Forty 
percent of the patients were functionally independent or had 
mild impairment in activities of daily living functioning before 
hospitalization, and 154 (46%) and 164 (49%) were defined 
as having normal mental and cognitive functioning, respec-
tively. Dementia was a past or present diagnosis in 117 patients 
(35%). Pressure sores of various degrees were documented in 
69 patients (21%). Feeding and urination patterns are presented 
in Table 1. The leading co-morbid medical conditions were 
hypertension in 63% (209 patients), ischemic heart disease 
(45%) and chronic heart failure (38%). Atrial fibrillation was 
a past or present diagnosis in 106 patients (32%). The mean 
number of chronic drugs per patient was 6 ± 2.8 (range 0–15), 
of which acetylsalycilic acid was the most common (45%), fol-
lowed by beta-blockers (39%), angiotensin-converting enzyme 
inhibitors (35%), and calcium channel blockers (33%). In 29 
patients (9%), antipsychotic drugs were newly added during 
hospitalization. 

hOsPitalizatiOn characteristics and OutcOme

The mean duration of hospitalization was 6.3 ± 3.9 days 
(range 1–29 days). Basic laboratory blood tests on admission 
are presented in Table 2. About one-third of the patients had 
hypoalbuminemia < 3 g/dl, and one-quarter had anemia with 

variable
all patients
(n=333)

discharged 
alive
(n=259)

in-hospital 
mortality
(n=74) P value

No. of hospital admissions 1.44 ± 0.9 1.43 ± 0.9 1.5 ± 0.9 0.552

No. of hospitalization days in 2006 9.1 ± 8.2 8.9 ± 7.9 9.9 ± 9.5 0.359

mean laboratory values on admission

Albumin (g/dl) 3.22 ± 0.55 3.31 ± 0.47 2.91 ± 0.61 < 0.0001

Sodium (mEq/L) 137 ± 7.2 136.6 ± 6.8 139.1 ± 8.4 0.013

Hemoglobin (g/dl) 11.4 ± 1.8 11.6 ± 1.9 11.2 ± 1.9 0.097

MCV (µm³) 85.9 ± 6.9 85.5 ± 7.2 87.4 ± 6.7 0.054

Creatinine (mg/dl) 1.57 ± 1.1 1.4 ± 1 1.8 ± 0.9 0.005

Urea (mg/dl) 78.1 ± 46.8 70.5 ± 43.2 94.1 ± 48.7 < 0.0001

Leukocyte count (x10³/mm³) 13.41 ± 20.3 10.9 ± 4.9 16.5 ± 13.7 < 0.0001

Neutrophils (%) 78.8 ± 11.1 78 ± 11.2 83.5 ± 9.3 < 0.0001

Lymphocyte count (x10³/mm³) 1.2 ± 0.60 1.3 ± 0.6 1.1 ± 0.7 0.067

Acute coronary syndrome 68 (20.4%) 47 21 0.054

Acute infectious disease 200 (60%) 139 61 < 0.0001

Inotropic therapy 15 (4.5%) 1 14 < 0.0001

Pseudomembranous colitis 11 (3.3%) 3 8 < 0.0001

table 2. Hospitalization characteristics, and univariate correlation with in-hospital 
mortality*

* Data are presented as mean ± SD for laboratory values, number of admissions and 
hospitalization days. The remaining variables are presented as number (percentage). 
MCV = mean corpuscular volume.
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permanent urinary catheter were significant predictors of 
post-discharge death. A decline in functional and cognitive 
status has been reported as a significant risk factor for mor-
tality in several studies. The NonaSantfeliu Study, evaluating 
one year mortality patterns in nonagenarian populations, 
reported similarly that a decline in functional and cognitive 
status was associated with increased one year mortality rates 
in univariate but not multivariate analysis [14]. The Danish 
1905 cohort survey found that a high disability level and 
poor physical and cognitive performance of nonagenar-
ians predicts mortality within 15 months of follow-up [4]. 
It should be emphasized that these studies were community 
population-based studies and did not evaluate hospitalized 
patients as did the current study. The findings of Yust-Katz et 

disease showed only a positive trend with in-hospital mortal-
ity in univariate analysis (P = 0.054) [Table 2]. The number of 
hospital admissions in one year and the total number of hos-
pitalization days were not found to be positively correlated 
with in-hospital mortality. Predictors of in-hospital mortality 
were examined by a multivariate logistic regression model 
[Table 3]. Of the patient baseline variables, the presence of 
pressure sores (OR 2.7, 95% CI 1.4–5.2), malignant disease 
and atrial fibrillation in the past or present (OR 3.3, 95% CI 
1.7–6.2; OR 2.1, 95% CI 1.1–3.8, respectively), and older age 
(OR 1.16, 95% CI 1.06–1.29) significantly increased the risk 
of dying in the hospital. From the hospitalization character-
istics, acute infectious disease (OR 2.8, 95% CI 1.4–5.8) and 
particularly positive fecal Clostridium difficile toxin (OR 7.2, 
95% CI 1.7–31) were the significant predictors of in-hospital 
mortality in multivariate analysis [Table 3]. From the 259 
patients discharged alive from the hospital, 145 (56%) died 
during the post-discharge follow-up period. The parameters 
independently associated with post-discharge mortality in 
multivariate analysis were older age (hazard ratio 1.08, 95% 
CI 1.03-1.13, P = 0.003), deteriorating mental capability (HR 
1.26, 95% CI 1.06–1.50, P = 0.009), non-spontaneous urina-
tion (HR 1.56, 95% CI 1.14–2.13, P = 0.005), elevated white 
blood cell count and urea levels (HR 1.02, 95% CI 1.01–1.02, 
P < 0.0001; HR 1.005, 95% CI 1.002–1.007, P = 0.001, respec-
tively), the presence of atrial fibrillation (HR 1.59, 95% CI 
1.18–2.14, P = 0.003, and the need for inotropic drug therapy 
(HR 2.34, 95% CI 1.17–4.67, P = 0.016). Higher albumin 
levels were associated with reduced post-discharge mortal-
ity (HR 0.42, 95% CI 0.31–0.57, P < 0.0001). Some of these 
predictive factors for post-discharge death are presented by 
survival curves in Figure 1. As observed in the univariate 
analysis of in-hospital mortality patterns, post-discharge 
mortality analysis also indicates that an acute infectious 
disease (and not acute coronary syndrome) was significantly 
correlated with mortality [Figure 1]. 

discussiOn

The population of hospitalized nonagenarians in internal 
medicine departments is rapidly increasing. The sociode-
mographic analysis of our study cohort shows that despite 
their advanced age, almost half of the patients were living in 
their own homes before hospitalization and were evaluated 
as functionally independent with normal or mildly impaired 
mental and cognitive abilities. Functional, mental and cog-
nitive abilities, in addition to urination and feeding status 
and the presence of pressure sores, were strongly correlated 
with in-hospital mortality. In addition, mental capability and 

OR = odds ratio
HR = hazards ratio

variable χ2 score
adjusted odds ratios 
(95% confidence limits) P value

Pre-hospitalization parameters

Age 10.45 1.16 1.06–1.29 0.001

Pressure sores 22.75 2.72 1.43–5.22 < 0.0001

Malignant disease 13.1 3.27 1.72–6.23 0.0003

Atrial fibrillation 5.40 2.05 1.11–3.79 0.002

hospitalization parameters

Acute infectious disease 7.61 2.84 1.39–5.81 0.006

Clostridium difficile toxin 13.86 7.24 1.70–30.84 0.0002

table 3. Multivariate logistic regression model for prediction of in-hospital mortality

Figure 1. Cumulative survival rates 2 years post-discharge, related to patients and 
hospitalization characteristics
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al. [15] in nonagenarians hospitalized in a geriatric hospital 
showed similar results, namely, that the main prognostic fac-
tors were continence and functional state prior to admission. 
Overall, these data underscore the importance of evaluating 
the functional capabilities of elderly patients at admission in 
order to assess outcomes of hospitalization and predictors of 
death and, accordingly, to provide adequate in-hospital care 
that will reduce risk factors for disability and death. 

The major co-morbidities in the current study were cardio- 
vascular diseases. Interestingly, a high prevalence of atrial 
fibrillation (32%) was demonstrated, as compared to a lower 
prevalence of about 10% reported in octogenarians [16]. 
Moreover, in univariate and multivariate analyses the diag-
nosis of atrial fibrillation was significantly associated with 
in- and out-of-hospital mortality, possibly related in part to 
the high rate of cardiovascular diseases with advancing age. 
Hypertension was the most prevalent co-morbid diagnosis. 
Four classes of antihypertensive drugs were used, each by 
24%–39% of the patients, indicating utilization of several 
antihypertensive drugs by each patient. In the present study, 
hypertension was not significantly associated with increased 
in-hospital and post-discharge mortality. Blood pressure levels 
are known in the literature to be related to the risk of stroke 
and death, especially from cardiovascular diseases. However, 
evidence that treating very old patients with antihypertensive 
drugs is beneficial is inconclusive, and several studies pre-
viously showed reduced survival rates after lowering blood 
pressure in the very old despite decreasing the risk of stroke 
and cardiovascular disease [17,18]. The recent HYVET trial 
addressed this issue and demonstrated that treating hyperten-
sion in patients above the age of 80 in order to achieve a target 
blood pressure of 150/80 mmHg is indeed beneficial and is 
associated with reduced risk of death from any cause [19]. 

Regarding chronic drug therapy, univariate analysis 
showed that statins and acetylsalicylic acid were the only 
drugs in our study associated with reduced in-hospital mor-
tality. These two drugs are widely utilized for primary and 
secondary prevention of cardiovascular events and are asso-
ciated with reduced mortality and morbidity in a variety of 
endpoints. A recent meta-analysis of 51,351 older individuals 
showed that statin therapy reduced all causes of mortality by 
15% (95% CI 7%–22%) [20]. In light of the under-utilization 
of these drugs in the very old, partially due to concerns of 
adverse reactions in the elderly and their reduced life expec-
tancy, future studies should be conducted to establish the 
efficacy and safety of these drugs in the very old population 
and to evaluate their use.

Our study demonstrates that several laboratory values on 
admission to hospital are significantly associated with mor-
tality. Advanced renal failure, leukocytosis, neutrophilia and 
hypoalbuminemia were all risk factors for in-hospital death 
in univariate analysis, and predictors for post-discharge mor-

tality in Cox regression survival analysis. Reduced albumin 
levels indicate low nutritional status and frailty in the elderly 
population and hence are a risk factor for death when this 
population is hospitalized. In this regard, Sonnenblick and 
co-researchers [12] demonstrated that low albumin levels 
were related to in-hospital mortality in a cohort of elderly 
patients admitted to an internal medicine department, and 
Iwata et al. [21] showed hypoalbuminemia to be predictive 
of post-discharge mortality (HR 2.16, 95% CI 1.13–4.14) in a 
cohort of patients discharged from an acute care setting of a 
general hospital and followed for one year after discharge. 

Acute infectious disease was the leading cause of hospi-
talization in our study. The presence of an infectious disease 
was significantly correlated with in-hospital and post-
discharge mortality. In these patients, the need for inotropic 
drug therapy and the presence of fecal Clostridium difficile 
toxin were strong predictors of death. Mortality rates from 
Clostridium difficile-associated diseases have increased in 
recent years, and severe cases are becoming more common. 
In the United States, of Clostridium difficile-related deaths, 
75% occurred in people above age 75, and 37% above age 
85 [22]. This trend may be due to the emergence of virulent 
strains of the bacterial toxins, the wider use of antimicrobial 
medications, and longer hospital stays for the elderly. In con-
trast to infectious diseases, acute coronary syndromes were 
not related to in-hospital or post-discharge mortality in this 
study – despite the fact that age is known to be a powerful 
predictor for adverse events after acute coronary syndromes, 
and that the odds for in-hospital death increase by 70% for 
each 10 year increase in age in patients with acute coronary 
events [23,24]. Moreover, since acute coronary events may 
also occur in the setting of other acute illnesses, we would 
expect it to be correlated with adverse hospitalization out-
comes. The fact that most of the patients with acute coronary 
syndrome in the present study were defined only as having 
had non-ST-elevation myocardial infarctions (73%) and did 
not require interventional therapy may have contributed to 
the lower mortality rates from acute coronary syndromes. 
Higher risk patients may have been hospitalized in cardiac 
intensive care units. 

Our work has several limitations. The study participants 
were from a single medical institution. The data on co-
morbidities and drug treatment were retrieved from patient 
files and therefore might not be detailed or accurate. Further 
prospectively designed studies will allow utilization of com-
prehensive geriatric assessment tools.

In conclusion, our study emphasizes the rising significance 
of hospitalized nonagenarians in the daily practice of internal 
medicine departments and clarifies sociodemographic and 
hospitalization characteristics associated with adverse events 
in a representative cohort of hospitalized nonagenarians. We 
have shown that the main predictors for in-hospital death 



Original articles

 15

IMAJ • VOL 12 • JANUARY 2010

of nonagenarians are pressure sores, older age, atrial fibril-
lation, malignant disease, and admission due to an acute 
infection, especially Clostridium difficile-associated diseases. 
In addition, mental decline, permanent urinary catheter, 
leukocytosis, renal failure and hypoalbuminemia predicted 
post-discharge mortality. A comprehensive assessment of the 
elderly at admission and identification of the above risk fac-
tors will help determine in-hospital management, discharge 
planning and rehabilitation programs.

correspondence:
dr. B. zafrir
Dept. of Internal Medicine, Carmel Medical Center, Haifa 34362, Israel
Phone: (972-4) 825-0484
Fax: (972-4) 989-0538 
email: barakz@bezeqint.net

references
U.S. Census Bureau Tables. Available at: http://www.census.gov/ipc/www /1. 
usinterimproj/ 
Complete life tables of Israel. Available at: http://www1.cbs.gov.il/2. 
publications/ luhot_tmuta06/ pdf/h_intro_mavo1.pdf
BBC News Service (28th September 2007). Available at: http://news.bbc.3. 
co.uk/ 1/hi/magazine/7016844.stm
Nybo H, Petersen HC, Gaist D, et al. Predictors of mortality in 2,249 4. 
nonagenarians – The Danish 1905-Cohort Survey. J Am Geriatr Soc 2003; 
51: 1365-73.
Meller I, Fichter MM, Schroppel H. Mortality risk in the octogenarians 5. 
and nonagenarians: longitudinal results of an epidemiological follow-up 
community study. Eur Arch Psychiatry Clin Neurosci 1999; 249: 180-9.
Rabine JM, Pacaud F. Nonagenerians and centenarians in Switzerland, 1860-6. 
2001: a demographic analysis. J Epidemiol Community Heath 2005; 59: 31-7.
Von Strauss E, Fratiglioni L, Vitanen M, Forsell Y, Winblad B. Morbidity and 7. 
comorbidity in relation to functional status: a community based study of the 
oldest old (90+ years). J Am Geriatr Soc 2000; 48(11): 1462-9.
Levy Praschker BG, Leprince P, Bonnet N, et al. Cardiac surgery in 8. 
nonagenarians: hospital mortality and long term follow-up. Interact Cardiovasc 
Thorac Surg 2006; 5: 696-700. 
Teplitsky I, Assali A, Brosh D, Vaknin-Assali H, Kornowski R. Results of 9. 

percutaneous coronary interventions in patients >/=90 years of age. Catheter 
Cardiovasc Interv 2007; 70: 937-43.
Formiga F, Lopez-Soto A, Sacanella E, et al. Mortality and morbidity in 10. 
nonagenarian patients following hip fracture surgery. Gerontology 2003; 49: 41-5.
Saint Jean O, Thibert JB, Holstein J, et al. Hospitalization in internal medicine 11. 
of nonagenarians: study of 150 cases. Rev Med Interne 1993; 14(9): 825-31.
Sonnenblick M, Raveh D, Gratch L, Yinnon A. Clinical and demographic 12. 
characteristics of elderly patients hospitalized in an internal medicine 
department in Israel. Int J Clin Pract 2007; 61: 247-54.
Norton D, McLaren R, Exton-Smith AN. An Investigation of Geriatric Nursing 13. 
Problems in Hospital. London: Churchill Livingstone, 1962: 194-236.
Formiga F, Ferrer A, Perez-Castejon JM, Olmedo C, Pujol R. Risk factors for 14. 
functional decline in nonagenarians: a one-year follow-up. The NonaSantfeliu 
Study. Gerontology 2007; 53: 211-17.
Yust-Katz S, Katz-Leurer M, Katz L, Lerman Y, Slutzki K, Ohry A. 15. 
Characteristics and outcomes of ninth and tenth decade patients hospitalized 
in a subacute geriatric hospital. IMAJ Isr Med Assoc J 2005; 7: 635-8.
Kannel WB, Benjamin EJ. Status of the epidemiology of atrial fibrillation. 16. 
Med Clin North Am 2008; 92(1): 17-40.
Gueyffier F, Bulpitt C, Boissel JP, et al. Antihypertensive drugs in very old 17. 
people: a subgroup meta-analysis of randomized controlled trials. Lancet 
1999; 353: 793-6.
Satish S, Freeman DH Jr, Ray L, Goodwin JS. The relationship between blood 18. 
pressure and mortality in the oldest old. J Am Geriatr Soc 2001; 49: 367-74.
Beckett NS, Peters R, Fletcher AE, et al. Treatment of hypertension in patients 19. 
80 years of age or older. N Engl J Med 2008; 358: 1887-98. 
Roberts CG, Guallar E, Rodriguez A. Efficacy and safety of statin monotherapy 20. 
in older adults: a meta-analysis. J Gerontol A Biol Sci Med Sci 2007; 62(8): 
879-87.
Iwata M, Kuzuya M, Kitagawa Y, Suzuki Y, Iguchi A. Underappreciated 21. 
predictors for post-discharge mortality in acute hospitalized oldest-old 
patients. Gerontology 2006; 52(2): 92-8.
Redelings MD, Sorvillo F, Mascola L. Increase in clostridium-difficile related 22. 
mortality rates, United States, 1999-2004. Emerg Infect Dis 2007; 13(9): 1417-19.
Granger CB, Goldberg RJ, Dabbous O, et al. Global registry of acute coronary 23. 
events investigators. Predictors of hospital mortality in the Global Registry of 
Acute Coronary Events. Arch Intern Med 2003; 163: 2345-53. 
Alexander KP, Newby LK, Cannon CP, et al. Acute coronary care in the 24. 
elderly. Part I. Non-ST Elevation acute coronary syndromes. A scientific 
statement for healthcare professionals from the American Heart Association 
Council on Clinical Cardiology. In collaboration with the Society of Geriatric 
Cardiology. Circulation 2007; 115(19): 2549-69.

Switching normal cells into a transformed phenotype that 
is characterized by uncontrolled growth is central to the 
development of cancer. Iliopoulos et al. describe an epigenetic 
switch:  a stable phenotypic change, retained through 
multiple generations in proliferating cells, which is not due to 
changes in DNA sequence. Immortalized cells from mammary 
epithelial tissue were transformed  by over-expressing Src, a 
protein tyrosine kinase; activation of Src for just 5 minutes 
produced cells that adopted a transformed phenotype and 
maintained it for at least 12 generations. Activating Src led 
to an increase in activity of the transcription factor NF-κB, 
a central mediator of inflammatory responses. A key target 

of NF-κB in this system was Lin28, an RNA-binding protein 

that inhibits the accumulation of the microRNA let-7. In turn, 
let-7 reduces levels of interleukin-6 (IL-6), an inflammatory 
cytokine thought to contribute to human cancers. IL-6 signals 
through its receptor to activate NF-κB, thus creating a positive 
feedback loop. Disruption of any step in the loop resulted in 
loss of transformation. The authors note that the signaling 
events defined in this study are known to be associated with 
certain human cancers. Thus, the epigenetic switch they 
describe could allow a transient inflammation to produce 
a long-lasting cancerous effect analogous to mutation of a 
tumor suppressor gene or activation of an oncogene.
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