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Consistent with the compression-of-morbidity hypothesis, several studies have reported that
a significant proportion of centenarians delay or escape age-related diseases. Of those who live
with such diseases for a long time, many appear to do so with better functional status than do
younger persons who do not achieve extreme old age. The authors describe the first autopsy in an
Okinawan-Japanese centenarian who escaped many age-related illnesses and delayed frailty
toward the end of her very long life. Her late-life morbidity pattern is contrasted with that of
white centenarians.

IN Okinawa, a Japanese prefecture, life expectancy at
birth is 81.8 years, among the longest in Japan, the

world’s longest-lived country at 81.2 years, and 5 years
longer than that in the United States at 76.8 years (1,2). The
prevalence of and mortality from many age-associated
diseases in Okinawa, such as cardiovascular diseases and
cancer, appear to be lower than those in Japan and the
United States (1,2). We wondered to what extent are excep-
tionally long-lived survivors in Okinawa, such as centenar-
ians, burdened by chronic diseases, and to what extent do
their lives reflect the compression-of-morbidity model.
To answer these questions, careful premortem and

postmortem phenotyping of exceptional survivors is re-
quired, yet few autopsy studies of centenarians exist in the
United States or elsewhere. This is the first report of an
autopsy performed on a centenarian in Okinawa, Japan. The
autopsy findings are important for defining not only what
disease burden the centenarian had, but given her excep-
tional age, also what she did not have, and how these
findings might differ from those of centenarians in other
populations.

CASE REPORT

A 100-year-old woman came to Chubu Hospital in
Okinawa, Japan because of shortness of breath. The patient
had been healthy until very late in life, when, in short
succession, she suffered a T7 compression fracture at age 92

years, two hip fractures at ages 97 and 98 years that were
treated with prosthetic replacements, and bronchitis re-
quiring 6 weeks’ hospitalization at age 99 years. She had no
history of congestive heart failure, myocardial infarction,
angina, stroke, hypertension, diabetes, tuberculosis, other
pulmonary disease, or cancer. Cognitive impairment was
first noted by her daughter and her physician at age 98 years.
She did not take any medications. She lived her entire life in
Okinawa, where she worked for many years as a farmer. As
a young woman, she smoked 2 to 3 cigarettes per day, and
she had no history of alcohol use. She used a wheelchair
after the second hip fracture and depended on her family for
assistance with all activities of daily living.
On presentation, the patient’s temperature was 378C,

blood pressure was 130/70 mmHg, pulse was 80/minute,
respiratory rate was 24/minute, and her oxygen saturation
rate was 78%. A cardiac examination revealed normal sinus
rhythm without murmurs. A lung examination was remark-
able for coarse crackles at the right base. Her abdomen was
soft and not tender, with normal bowel sounds. Pedal edema
was noted bilaterally. A blood gas analysis revealed pH,
7.32; partial pressure of carbon dioxide, 79 mmHg; partial
pressure of oxygen, 60 mmHg; and bicarbonate, 41 mmHg.
Her leukocyte count was 7700 per mm3 with 81% neutro-
phils. Her hematocrit concentration was 34%. The patient’s
blood urea nitrogen and creatinine levels were 22 mg/dl and
0.5 mg/dl, respectively. Her sodium, potassium, chloride,
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and calcium levels were normal. Her total protein level was
5.8 mg/dl and her albumin level was 2.8 mg/dl. A chest
radiograph obtained on hospital admission revealed no ob-
vious signs of consolidation or infiltrate. An electrocardio-
gram was not performed.
The patient was admitted to the hospital and received

intravenous fluids and oxygen. Empiric antibiotic therapy
was not begun. When sputum cultures grew Acinobacter
baumannii and Klebsiella pneumoniae, ampicillin-sulbactam
and cefotaxime were started. The patient improved slowly.
After 3 weeks in the hospital on antibiotic therapy, the
patient became depressed, expressed thoughts of dying, and
refused to eat. Laboratory tests showed a leukocyte count of
7700 per mm3, hematocrit concentration of 22.3%, and
blood urea nitrogen and creatinine concentrations of 43 mg/
dl and 0.5 mg/dl, respectively. Total protein and albumin
concentrations were 3.8 mg/dl and 1.5 mg/dl, respectively.
Findings of another chest radiograph were unchanged from
those at admission. The patient’s family requested that no
aggressive measures be taken to prolong the patient’s life
and that all phlebotomy stop. For the next 2 weeks, the
patient remained afebrile, with blood pressure measure-
ments ranging from 70–130/44–64 mmHg; pulse, 64 to 20/
minute; respiratory rate, 20 to 30/minute, and oxygen
saturation rate, 94% on 3 liters of oxygen. Nearly 6 weeks
after admission, the patient suddenly experienced loose
bloody stools, her oxygen saturation rate quickly decreased
to 60%, and she died.

DISCUSSION

The patient’s clinical course and autopsy findings indicate
that she died of septic bronchopneumonia that resulted from
preexisting bronchitis (Figure 1). Malnutrition, cognitive

impairment, immobility, and impaired pulmonary defenses
predisposed the patient to the infection and contributed to
her decline in health.
Notable autopsy findings (Table 1) include microscopic

emphysema possibly secondary to the patient’s history of
smoking or from ‘‘senile lung,’’ an age-associated dilatation
of air spaces without loss of elastic tissue, fibrosis, or
destruction of the alveolar walls. Microscopic emphysema
in smokers and nonsmokers is difficult to distinguish,
because both distribute evenly throughout the lung (3).
Pulmonary anthracosis, usually seen in city dwellers who
inhale carbonaceous matter, was present and may have been
due to inhalation of silicon and aluminum during her years
of farming (4).
‘‘Normal’’ age-associated changes of the heart were

present, such as lipofuscin deposition, basophilic degener-
ation, and increased subepicardial fat, but others were
notably absent, such as changes in the size of the chambers,
mitral valve calcification, and calcification and atheroscle-
rosis of the coronary arteries (5–7). The aorta was severely
atherosclerotic but free of age-associated dilatation. That the
patient’s coronary vessels were free of atherosclerotic
narrowing and calcification is remarkable given autopsy
reports on white centenarians (those aged 100 to 103 years)
and other exceptional survivors (those aged 90 to 103 years),
which show coronary vessel narrowing in 66% of patients
and coronary calcification in 84% to 97% of patients (5,6).
This finding is consistent with the low incidence of and
mortality from cardiovascular disease in Okinawa compared
with Japan overall and the United States (1,2,8).
The areas of centrilobular necrosis in this patient’s liver

likely resulted from diminished blood flow just before her
death. The low albumin level was likely a result of poor

Figure 1. Mild polymorphonuclear leukocyte infiltration of the alveoli (hematoxylin-eosin, original magnification3 400).
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nutritional intake secondary to dementia and infection,
superimposed on the age-associated changes in stomach
physiology and hormone and cytokine production that
decrease food intake in the elderly (9,10).

This patient escaped atrophic gastritis, a frequent but not
inevitable feature of the aging stomach, which leads to
reduction in mucosal glandular proliferation (11). Preserva-
tion of this patient’s gastric mucosa until late in life likely

Table 1. Autopsy Results for Okinawan Centenarian

Organ Findings

Brain and spinal cord 1. At the request of the family, the brain and spinal cord were not autopsied

Heart 1. 180 grams; Left wall 1 cm thick; right wall 0.3 cm thick

2. Subendocardial fibrosis of left ventricular wall, total heart 99% muscle, 1% fibrosis

3. Subepicardial fat deposition, 2 mm to 5 mm

4. Muliple areas with irregular nuclei and perinuclear lipofuscin deposition

5. Basophilic degeneration in endocardium of left and right ventricles

6. Amyloid deposits sensitive to KMnO4 in subepicardial interstitial tissue of anterior wall;

no amyloid deposits in the intimal layers of the coronary vessels

7. No atrial or ventricular dilatation or enlargement; no areas of infarction;

no coronary artery calcification or atherosclerosis; no valvular calcification

Aorta 1. Severe calcified atherosclerosis in ascending and descending aorta

2. Diameter: thoracic aorta, 3 cm; abdominal aorta, 2 cm

3. No dilatation of the ascending or thoracic aorta

4. No amyloid in intimal, medial, or adventitial layers

Paraaortic lymph nodes 1. Elevated levels of benign, polyclonal plasma cells

Lungs 1. Weight: left lung, 250 g; right lung, 260 g

2. Pleural membrane intact and without inflammation

3. Upper and lower lobes bilaterally with bronchial inflammation

4. Polymorphonuclear cells and lymphocytes in bronchioles and alveoli

5. Moderate degree of anthracosis in the upper and lower lobes bilaterally

6. Microscopic emphysema in subpleural areas of the upper and lower lobes bilaterally

7. Amyloid deposits sensitive to KMnO4 scattered throughout the alveolar walls of each lobe bilaterally

8. Amyloid deposits sensitive to KMnO4 in the intima of the pulmonary artery

9. No lobar consolidation, pleural fluid, or empyema

10. No eosinophils or heart failure cells present

Diaphragm 1. Mild atrophic changes

Kidneys 1. Weight: left kidney, 70 g; right kidney, 50 g

2. Atherosclerosis of the right renal artery

3. Arterioles sclerotic with thickened intima and narrow lumens

4. 10 to 1 ratio of nonischemic to ischemic glomeruli

5. Amyloid deposits sensitive to KMnO4 in the intimal layers of renal arteries bilaterally

6. Plasma cells scattered in interstitium

7. No loss in total number of glomeruli

Adrenal glands 1. Adrenal glands weighed 4 g each and were unremarkable

Spleen 1. Weight: 45 g

2. Amyloid deposits sensitive to KMnO4 in intimal layers of splenic artery

Gastrointestinal tract 1. Esophagus normal

2. Gastric mucosal wall 2 mm thick without atrophic gastritis

3. Ileal mucosal wall 1.5 mm thick

4. Hemorrhagic diverticuli

5. No amyloid in walls of the esophagus, stomach, or small or large bowel

Liver 1. Weight: 480 g

2. Diffuse brown atrophy

3. Diffuse ischemic centrilobular necrosis

4. No amyloid deposition

Pancreas 1. Weight: 60 g

2. Amyloid deposits sensitive to KMnO4 in intimal layers of arterial walls

Gallbladder 1. 8 cm 3 3 cm

2. One cholesterol stone

3. Walls with normal thickness and without inflammatory changes

Bladder 1. Bladder wall with normal thickness and without fibrosis

2. Scattered plasma cells in submucosa

3. No amyloid deposition

Uterus and ovaries 1. Mild atrophic changes

Bone 2. L4 vertebra with osteopenia
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helped reduce frailty risk, because an intact mucosa with
concomitant acid secretion are necessary for absorption of
essential minerals such as calcium and iron (12).
The patient’s kidneys, like the heart and stomach,

appeared remarkably healthy. The usual age-associated
changes in kidney structure include loss of 30%–50% of
cortical glomeruli by the seventh decade and sclerosis of up
to 30% of the remaining glomeruli (13). In this case, 90% of
the glomeruli had no sclerosis and there appeared to be no
loss in total number.
Amyloid sensitive to potassium permanganate was

present in the intima of various arteries, heart interstitium,
and alveolar walls. This amyloid was likely a marker of re-
active systemic amyloidosis, composed of human amyloid-A
protein protein, not senile systemic amyloidosis, and
appeared to be of little clinical significance. The latter is
an age-associated deposition of normal transthyretin amy-
loid in multiple organs but is rarely sensitive to potassium
permanganate. Interestingly, amyloid was not found in the
intimal layers of the thoracic or abdominal aorta. Intimal
amyloid, usually composed of apolipoprotein A-1, may
enhance the cytotoxicity of oxidized low-density lipoprotein
(14,15). Perhaps the absence of such amyloid in this
patient’s aorta contributed to her survival despite severe
aortic atherosclerosis.
Limited autopsy reports on white centenarians reveal heart

disease (coronary artery disease and congestive heart failure)
and pneumonia as common causes of death, whereas cancer
is infrequent (16,17). In Japan, pneumonia and other
infectious diseases account for 40% of centenarian deaths,
but coronary heart disease is uncommon (7). The high rates
of pneumonia result from a combination of morphologic
changes in the lung, chest wall, and respiratory muscles, plus
immune function alterations, systemic diseases, and im-
paired mobility and nutrition (18,19). Heart disease results
from age-related loss of cardiomyocytes and conduction
tissue and pathologic processes such as hypertension and
atherosclerosis (5,6). Low mortality rates from cancer could
be ascribed to changes in systemic immune function or to the
behavior of tumors in the very old (20).

Conclusions
The patient’s medical history and autopsy findings indicate

that she remained remarkably healthy until age 97 years,
when, during the next 3 years, she had falls and fractured both
hips, had clinically apparent cognitive impairment, became
fully dependent in her activities of daily living, and
experienced repeated respiratory infections. The delay or
escape from many age-associated diseases in this centenar-
ian, particularly coronary heart disease, is consistent with the
compression-of-morbidity model (21–23).
Morbidity differences among Okinawan-Japanese, Japa-

nese, and white persons clearly exist, but this autopsy report
suggests that such differences continue into even extreme
old age. Much of the demographic literature concerning the
oldest old supports the notion that at extreme old age,
sociodemographic and other determinants of survival have
a lesser differential impact on mortality at extreme old age
than at younger ages (24). Therefore, further investigation

into population-specific determinants of mortality at extreme
old age is therefore merited.
The unique morbidity profile of centenarians and their

significant survival advantage likely follows from genetic
predisposition, lifestyle choices, and chance, and different
pathways may contribute to exceptional survival (22,23,25).
Careful premortem and postmortem phenotyping of cen-
tenarians is essential to discern the genetic, environmental,
and stochastic variants that affect exceptional survival and
to determine whether ethnic differences exist in morbidity
and mortality rates in very old age.
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