
Gut, 1988, 29, 49-56

Epidemiologic aspects of Crohn's disease:
a population based study in Olmsted County,
Minnesota, 1943-1982
J H GOLLOP, S F PHILLIPS, L J MELTON III, AND A R ZINSMEISTER
From the Mayo Medical School, Gastroenterology Unit and Department ofHealth Sciences Research,
Mayo Clinic and Mayo Foundation, Rochester, Minnesota, USA

SUMMARY The overall age and sex adjusted incidence of Crohn's disease among Olmsted
County, Minnesota, residents was 4.0 per 100000 person-years in the period 1943-1982. Ileitis,
ileocolitis, and colitis each accounted for about one third of the 103 incidence cases. Incidence rates
were greater in woman than men, were higher in the urban portions of the county, and rose over
time. Overall, the natural history of Crohn's disease in the community may be milder than that
reported for patients at referral centres, as over half of all patients had no complications and only a
third required surgery for Crohn's disease. Only one developed adenocarcinoma of the colon
(relative risk=2-0, NS). Survival was relatively unimpaired for the cohort, but Crohn's disease may
have played a role in half of the deaths. The prevalence of Crohn's disease was 90-5/100 000
population on 1 January 1980.

Chronic granulomatous transmural inflammatory
disease of the bowel (Crohn's disease) was recog-
nised as a distinct entity only in this century. More
than 50 years after identification and characterisation
of Crohn's disease, its cause remains unknown,
although incidence and prevalence rates are reported
to be increasing.'` The natural history of the disease
appears to vary between centres, and appropriate
treatment remain unsettled.4
The aim of this investigation was to determine the

epidemiologic characteristics of Crohn's disease in
the geographically defined population of Olmsted
County, Minnesota. In addition to describing the
clinical spectrum at diagnosis and subsequent natural
history in community residents, we examined secular
trends in the incidence of Crohn's disease over a
40 year period and determined prevalence as of
1 January 1980.
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Methods

SUBJECTS

Population based epidemiologic research is possible
in Olmsted County, Minnesota, because medical
care is virtually selfcontained within the community
and is delivered by- a handful of providers. Most care
is provided by the Mayo Clinic, which has maintained
a common medical record system with its two large
affiliated hospitals over the past 70 years. This dossier
type medical record contains both inpatient and
outpatient data and is easily retrievable for review.'
The diagnoses and surgical procedures entered into
these records are indexed. The index includes the
diagnoses made for outpatient office or clinic con-
sultations, emergency room visits, nursing home
care, hospitalisations, autopsy examination, and
death certification. The medical records of the other
medical care providers in the area who have served
the local population are also indexed and retrievable.
Thus, all details of the medical care provided to the
residents of Olmsted County are available for study.
Using this unique data base, we identified 103

individuals who were residents of Olmsted County
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when first diagnosed as having Crohn's disease in the
40 year period, 1943-1982. To assure complete case
ascertainment, records were screened, beginning in
1935, of all cases designated by any of the following
diagnoses: Crohn's disease, regional enteritis,
regional ileitis, terminal ileitis, granulomatous
colitis, hyperplastic ileocolitis, cicatrising ileitis,
segmental colitis, regional (ulcerative) colitis, and
unspecified or non-specific inflammatory bowel
disease. Records of patients with chronic ulcerative
colitis (CUC) and related diagnoses were also
screened for Crohn's disease in a concurrent study.6
The histories of patients who had inflammatory
bowel disease, but in whom a clear distinction
between CUC and Crohn's colitis was lacking, were
reevaluated and their tissue specimens reassessed by
one of our pathologists. We were thus able to assign
each of these mixed cases to one study or the other.
Between the two studies, there was no overlap or

exclusion of inflammatory bowel disease cases.
A diagnosis of Crohn's disease for purposes of

this study required at least two of the following:
(1) History of abdominal pain, weight loss, malaise,
rectal bleeding and/or diarrhoea. (2) Characteristic
findings at endoscopy of discontinuous ulceration,
cobblestoning, fistula, and/or severe perianal
disease. (3) Radiologic features of stricture, fistula,
and/or evidence of cobblestoning or ulceration of the
mucosa. (4) Macroscopic appearance at laparotomy
of typical bowel wall induration, mesenteric lympha-
denopathy, and serosal involvement showing creep-
ing fat or other inflammatory changes. (5) Histo-
pathology showing transmural inflammatory cell
infiltrate, and/or epithelioid granulomas, and
absence of identifiable infectious agents.

Findings must have been of at least six months'
duration, thus excluding cases of acute enteritis.
Cases of infectious enteritides and colitides, as well as
ischaemic bowel disease, were excluded after careful
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Fig. 1 Secular trends in the age and sex adjusted incidence
ofCrohn's disease among residents ofOlmsted County,
Minnesota, 1943-1982.

Table 1 Incidence ofCrohn's disease among residents of
Olmsted County, Minnesota, 1943-1982, by sex and time
period

Women

1943-1962 1963-1982 Allyears
Age-group
(years) n Rate* n Rate* n* Rate*

<15 0 - 2 0-8 2 0-5
15-24 3 3-1 22 13-4 25 9-6
25-34 1 1-2 14 9-8 15 6-7
35-44 3 4.4 10 10-4 13 7-9
45-54 1 1-7 3 3-8 4 2-9
55-64 0 - 4 6-1 4 3-6
>65 1 2-1 2 2-2 3 2-1

Subtotal 9 1-6 57 6-4 66 4-6

Men

1943-1962 1963-1982 Allyears

n Rate* n Rate* n Rate*

<15 1 0-6 3 1-2 4 1-0
15-24 0 - 1 1 9-0 1 1 5-9
25-34 2 2-6 9 6-8 1 1 5-3
35-44 0 - 4 4-2 4 2-5
45-54 1 1-9 2 2-7 3 2-4
55-64 1 2-5 1 1-8 2 2-1
>65 1 2-6 1 1-8 2 2-1

Subtotal 6 1-2 31 3-9 37 2-9

Total 15 1-4 88 5-2 103 3-8

*Incidence/100 000 person-years.

review. Only cases we felt confident in categorising as
'definite Crohn's disease' were included in this study.
A priori, incidence cases must also have been
residents of Olmsted County for one year before
diagnosis. This rule was intended to introduce a
conservative bias by excluding patients who may
have moved into the community for care of the
disease before diagnosis; as it happened, however,
no patients were excluded on these grounds. Patients
who had the disease before moving to the area were
not included as incidence cases but were counted
as prevalence cases if still alive and residing in
Rochester on 1 January 1980. Of the 82 prevalence
cases, 59 were also incidence cases; two were initially
diagnosed in Olmsted County before 1943; and the
remaining 21 had the diagnosis established elsewhere
before moving into the community, mostly from
other towns in the region.

For calculating incidence and prevalence rates, the
entire population of Olmsted County, Minnesota,
was considered to be at risk; the denominator age and
sex specific person-years (p-y) were derived from
decennial census figures.7 Incidence rates were calcu-
lated separately for Rochester, the urban centre of
Olmsted County, and for the balance of the county,
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which is largely rural. Where necessary, rates were

directly age and/or age and sex adjusted using

United States whites in 1980 as the standard popula-
tion. Ninety five per cent confidence intervals for the
rates (95% CI) were estimated assuming that the
incidence cases follow a Poisson distribution.' The
influence of age, sex, urban, or rural residence, and
time period, and their possible interactions, were

assessed by an analysis of variance, using a rank
transformation of the individual age and sex specific
incidence rates. Statistical significance indicates
p<0 05 unless otherwise noted.

Patients were followed through their records in the
community until death or the date of the last medical
record entry. Follow up was complete to death or

through 1980 in 92% (median, 9.0 years of follow up
per person); the median duration of follow up was 8 1
years in the remainder. The observed incidence of
colorectal adenocarcinoma in this group was com-

pared with the expected incidence (relative risk). The
expected incidence was calculated using the age and
sex specific person-years of follow up in the cohort in
conjunction with age and sex specific incidence rates
of colorectal adenocarcinoma (sarcoma excluded)
previously determined for Rochester residents.9 A
95% confidence interval around the relative risk
estimate was calculated assuming that the incidence
of colorectal cancer in this cohort follows a Poisson
distribution. Life table analysis (product limit
method)" was used to estimate observed and
expected survival, using as a standard the death rates
of West North Central United States residents in
1970. The difference between observed and expected
survival was assessed with the log-rank test."' Life
table methods were also used to estimate the cumula-
tive incidence of complications (survival free of
complications).

Results

OVERALL INCIDENCE AND PREVALENCE
During the 40 year period of study, 103 incidence
cases were identified in the population for an overall
crude incidence rate of 3-8/100000 p-y (sex and age

adjusted, 4-0/100000 p-y; 95% CI 3.2-4.8). The
overall age and sex adjusted incidence was 4.6/
100000 p-y in the city of Rochester (":=urban) and
only 2 8/100000 p-y in the balance of Olmsted
County (=rural). In the County as a whole, adjusted
incidence rates rose from 0 8/100 000 p-y in 1943
1947 to 6-8/100 000 p-y in 1973-1977 and then fell to
4 3/100 000 p-y for 1978-1982 (Fig. 1). Roughly the
same temporal pattern was seen for the urban
residents of Rochester and for those who resided in
the rural areas of Olmsted County.
Among incidence cases, women outnumbered

men 66 to 37. Incidence rates for women were
correspondingly higher, but the sex ratio was reduced
to 1 5:1 by age adjustment of the rates (women, 4 8
per 100000 p-y, v men, 3.1 per 100000 p-y). Most of
the female excess, however, was in the last half of the
study (Table 1). In the period 1963-1982, rates were
somewhat greater for women in most age groups,
while sex specific rates were more comparable in
1943-1962. In general, age specific incidence rates
were greatest among young adults of both sexes,
although this was most clear in the latter half of the
study period. Patterns for urban and rural residents
were similar considering the relatively small number
of cases.

Prevalence rates were also greater among women
than men, but cases were shifted into a somewhat
older age distribution compared with incidence cases
(Table 2). The prevalence of Crohn's disease on
1 January 1980 was also greater in Rochester than in
rural Olmsted County (adjusted 107-0 v 61P8 per
100 000, respectively). The overall age and sex
adjusted prevalence of Crohn's disease in Olmsted
County was 91-0/100000 population on 1 January
1980 (95% CI 71-0-110.9).

All patients were white, except for one woman
who identified herself as being of mixed black
and white ancestry. Four of the patients identified
themselves as Jewish at the time of diagnosis. This
may be significant because the Jewish population of
Rochester is probably less than 300 people at present.
At the time of diagnosis, 38 (37%) of the patients
were single (never married) as compared with 27% of
the population over 14 years of age at the 1970 census
of Olmsted County residents; 61 (59%) patients were
married. One was divorced, and the remaining three
patients were widowed. The proportion of patients
who were professionals at diagnosis (18%) was
somewhat less than expected (26%), based on the
1970 census for Olmsted County, while unskilled
laborers (14%) were over-represented compared

Table 2 Prevalence ofCrohn 's disease among residents of
Olmsted County, Minnesota, on 1 January 1980, by sex

Meni Wotrment Bot/i sexes
Age-group
(years) pi Rate* ni Rate* /I Rate*

<15 0 0 ( ()0
15-24 8 98'8 5 52-7 13 73.9
25-34 8 102-3 15 178X5 23 141-8
35-44 6b 709 18 307 1 24 206-9
45-54 1i 5 121-5 6 72-7
55-64 4 3 861 7 105.3

,-65 1 8 147.2 9 105.6
Total 28 64.9 54 113.9 82 90.5

*Prevalence/100000 population on 1 January 1980.
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with census data (2o). Incidence rates could not be
calculated for specific religions or occupations.

CLINICAL SPECTRUM AT DIAGNOSIS

The median delay from onset of symptoms to diag-
nosis was just over four months. One patient was

diagnosed with Crohn's disease simultaneously with
the onset of symptoms, while five patients had had
symptoms for 10 years or more before initial diag-
nosis. In two patients, the duration of symptoms
could not be determined as they were asymptomatic
and diagnosed incidentally.
The extent of bowel involvement at the time of

initial diagnosis is shown in Figure 2. Overall, 67%o
had involvement of the small bowel (all with involve-
ment of the distal or terminal ileum) and 59% had
disease of the colon. Rectal and/or anal disease was

seen in 30%. When the patients were divided into
mutally exclusive groups, 36 (35%) had ileitis alone;
30 (29%) had ileocolitis; and 37 (36(%O) had colitis
alone. Age and sex specific incidence rates for these
three manifestations of Crohn's disease were similar,
as were the total incidence rates for each type
(Table 3).

CLINICAL COURSE

Thirteen patients had unremitting disease, while 75
(73%o) experienced a chronic intermittent course.

Ten patients (10%) were 'cured' in the sense of going
at least 10 years with no evidence of disease after
resection, becoming asymptomatic with negative
radiographic findings, or having only old scarring

Mouth (apthous stomatitis)
Oesophagus

Stomach
Duodenum

Prox jejunum
Distal jejunum

Unspecified jejunum
Prox ileum

Distal ieum (not terminal)
Terminal ileum

Cecum
Ascending colon
Hepatic flexure

Transverse colon
Spleruc tlexure

Descending colon
Sigmoid colon

Rectum
Anus

Iritial extent

which did not progress. The nature of the clinical
course could not be adequately characterised in five
patients. Unremitting disease seemed to be more
frequent among those with colonic involvement
(Table 4).
The maximal extent of disease during the period of

follow up is also shown in Figure 2. Altogether, 60%,
of the patients had progressed to more extensive
disease or resection by the period of maximum

disease. The proportions of patients with progression

were similar for Crohn's patients with ileitis,

ileocolitis, or colitis (Table 4). To some degree,
progression was a function of duration of follow up

which was longer (median 10(8 years) for those with
progression as opposed to those without progression

(median 60() years). By the point of maximal disease,
a third of all patients had had at least some bowel
resected (Fig. 2 and Table 4).

Fifty nine per cent of patients had an uncompli-
cated course, while the remainder developed one or

more complications of Crohn's disease (Table 4).
There was no clear pattern of complications by site
except that patients with Crohn's colitis seemed to
have fewer of them. The cumulative incidence of
complications reached 19%O by the end of the first
year after the diagnosis of Crohn's and doubled again
to 38% by the end of the first decade of follow up. At
the 5 year point, 41%(o of ileitis patients and 47% of
those with Crohn's ileocolitis had experienced one or

more complications, compared with only 12% of
patients with Crohn's colitis.
One man developed a histologically confirmed

Maximal extent

ElInvolve
|~~ Reec

060 4 io 0 io 60'o. 80
Fig. 2 Distribuvition (%O) oJlaffe(ted sites initiallv (left panel) and maximallv (rightpanel) among Olmsted Couintv,
Mitinnesota, residents diagniosed with Crohn 's disease, 1943-1 982.
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Table 3 Incidence ofCrohn's disease among residents of
Olmsted County, Minnesota, by extent ofbowel involvement
at the time ofinitial diagnosis, 1943-1982

Sex and lleitis lleocolitis Colitis
age-group
(years) n Rate* ti Rate* n Rate*

Men
<15 1 0(2 1 02 2 0-5

15-24 4 21 5 27 2 1.1
25-34 3 1.4 4 1.9 4 1.9
35-44 0 0 1 0(6 3 1.9
45-54 2 1.6 1 08 0 0
55-64 1 100( 1 1.0
-65 1 1.1 1 1 1 0 0

Subtotal 12 0.9 13 1 0 12 (09

Women
<15 1 0-3 1 0-3 0 0

15-24 9 3-5 8 3.1 8 3.1
25-34 4 1.8 3 1 3 8 3-6
35-44 6 3 7 2 1.2 5 3.1
45-54 2 15 1 07 1 07
55-64 1 09 2 18 1 0.9
-65 1 07 () 0 2 1.4

Subtotal 24 17 1 7 1-2 25 17

Total 36 1.3 30 1 1 37 1.4

*Incidence/100()00 person-years. Age and sex specific rates are
shown despite the small number of cases in some cells.

adenocarcinoma of the rectum in an area involved
with Crohn's and died of this at age 30, 17 years after
diagnosis of Crohn's disease. The expected number
of cases in a group of like age and sex distribution and
comparable follow up is 0.5 (RR=2.0; 95% CI 0-1 to
11-1). Another woman developed a histologically
confirmed leiomyosarcoma of the ileum in an

involved area and died at age 63, 31 years after the
initial diagnosis of Crohn's. She had received radia-
tion treatment for her Crohn's disease, as was

popular during the 1940's and 50's, which may have
been a contributing factor. The expected number of
such cases was not calculated because of the absence
of suitable incidence rates for the general population
of Olmsted County.

SURVIVA L

Up to the time of last follow up, 93 of the incidence
patients were alive, while 10 had died. Of the 10
Crohn's disease was the primary cause of death in
three (secondary to inanition at age 17, peritonitis at
age 62, and bowel obstruction and perforation at
age 67, respectively). As already mentioned, two
patients died from GI malignancy in areas involved
with Crohn's, so their deaths may also have been
disease related. The other five deaths in this cohort
seemed unrelated to Crohn's disease. Despite the
deaths related to Crohn's disease, the overall survival
experience of the cohort was only modestly less than

1001

o 90.

c) 80
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c 70
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5 10

Years after diagnosis
15 20

Fig. 3 Observed and expected survival after the initial
diagnosis ofCrohn's disease among residents ofOlmsted
County, Minnesota, 1943-1982.

that expected for members of the general population
of like age and sex (Fig. 3). Survival, relative to that
expected, was equally good for those with Crohn's
ileitis, ileocolitis, and colitis. Over 90% of patients in
each group were still alive 10 years after the initial
diagnosis of Crohn's disease.

Discussion

Incidence rates for Crohn's disease in Olmsted
County, Minnesota, resemble figures from similar
studies in British communities. Overall rates from
England and Wales"-'4 are quite close to the Olmsted
County rate of 5 6/100 000 p-y for a comparable time
period, as are figures from Sweden."IS7 Other studies
from northern Europe report lower rates,'"24 but the
discrepancies between these figures and the South-
eastern Minnesota rates are not as great as seen for
chronic ulcerative colitis.6 Differences may be the
result of variations in study timing, definitions, and
completeness of case ascertainment. For example,
the secular increase in Crohn's disease incidence that
has been observed in the majority of epidemiologic
studies worldwide since the 1930's25 suggests that
lower rates should apply to studies conducted in
earlier years. The much lower rates in the Oxford
study,'8 on the other hand, seem to be due to the
exclusion of Crohn's colitis. Colitis patients com-
prised over a third of the present cohort, and the
proportions of patients with ileitis, ileocolitis, and
colitis were about equal to those seen during compar-
able periods in other areas."̀21920'2126 Studies based
solely on hospitalised cases generally produce low
incidence rates.2"3' Rates most similar to those in
Olmsted County were obtained from comparable
studies based on all diagnosed cases (outpatient as
well as inpatient). Because of access to a comprehen-
sive medical record linkage and indexing system, we
believe our data include all cases of Crohn's disease

a
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Table 4 Clinical course and complications observed among Olmsted County, Minnesota, residents diagnosed with Crohn 's
disease, 1943-1982, by site ofinvolvement

Ileitis Ileocolitis Colitis Totat

('ourse tt % tI % tiii)

Unremitting 1 2.8 5 16 7 7 189 13 12.6
Chronicintermittent 30 83.3 19 63.3 26 70 3 75 72-8
'Cured' 3 8X3 5 16.7 2 5 4 10 9.7
Undetermined 2 56 1 3 3 2 54 5 4.9

Progression
Yes 20 55.6 18 60() 24 64.9 62 60.2

Bowel resection
Yes 19 52.8 13 43.3 4 10(8 36 35 0

Complications'
SmallbowelobstructionduetoCrohn'sdisease 13 36-1 4 13.3 0 0 17 16.5
and necessitating surgery

Enteroentericorenterocolonicfistulat 4 11 1 4 133 1 2 7 9 8 7
Fistulatoabdominalabscess 1 2.8 5 16 7 2 5 4 8 7.8
Serious haemorrhage 1 2.8 3 1()( 2 5 4 6 5-8
Enterovaginal fistula 0 0 3 1()( 2 5 4 5 4.9
Enterocutaneousfistula 1 2.8 1 3 3 1 2-7 3 2.9
Free perforation of the bowel 1 2.8 1 3.3 1 2 7 3 2.9
Enterovesicalfistula 1 28 1 33 0 0 2 1.9
Toxicmegacolon () 0 1 33 0 0 1 10
Anyofthcabove 19 52.8 16 53.3 7 18 9 42 40(8

* P,tients may be counted more than once.

diagnosed among Olmsted County residents during
the time of the study.

Incidence rates also rose in Olmsted County over
the course of the study. A true increase in incidence
would point to an environmental factor;2` and a
number have been suggested, including more pre-
valent cigarette smoking,` 11 increasing usage of birth
control pills95 37 and greater exposure to refined
carbohydrates in the diet.`8 The role of increased
urbanisation has not been fully explored, although
incidence rates have reportedly increased in both
urban and rural areas.22 Even so, rates remain higher
in urban areas,'9 22 as seen also in the present study. It
must be admitted, however, that these exposures are
ubiquitous, while Crohn's remains a relatively
uncommon condition; thus, other factors must be
involved. That this is because of better separation of
the disease from colonic ulcerative colitis has been
discounted.' 121.1719 The rise in rates may be partly
caused by more complete case acertainment.'"'"339
There is some evidence for this in the shortening
interval between onset of symptoms and initial
diagnosis'` 71192 and in recent short term declines in
incidence in some communities'7 1922 that may have
resulted from sweeping the population free of pre-
viously undiagnosed cases. Nonetheless, better
recognition, especially of colonic Crohn's,24 does not
seem sufficient to explain the large increase in cases,
particularly during the last two decades in developed
nations.' 13 162'

The prevalence of Crohn's disease in Rochester
is substantially greater than that reported else-
where. 2 1921224 ..2 Reasons for the higher preval-
ence may be the same as for higher incidence, namely
differences in definitions and under ascertainment of
cases elsewhere. The latter is expecially important
for prevalence (strictly, the prevalence of a history of
the disease) because patients who have had the
disease in the past but are no longer seeking care for it
may be missed if the study period is relatively short.
Thus, the prevalence of Crohn's was nearly 80%
greater in Copenhagen in 1973 after 18 years of study
than it was in 1967 after only 12 years'8 and three
times higher in Malmo, Sweden after an additional
eight years of study.'7 For the purpose of identifying
prevalence cases, we could take advantage of a
previous study extending back to 19354 so ascertain-
ment of cases should have been largely complete. In
addition, some investigators calculated prevalence
rates using only the prevalence cases that were also
incidence cases," rather than all prevalence cases in
the population regardless of time and place of onset;
that approach naturally lowers the prevalence rate.
In Olmsted County, for example, only 72% of the
prevalence cases were also incidence cases. Finally, if
incidence rates have risen, it should also be expected
that prevalence would increase because prevalence is
a function of both frequency and duration of disease.
The natural history of Crohn's disease in the

Olmsted County incidence cohort seems somewhat

54

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.29.1.49 on 1 January 1988. D

ow
nloaded from

 

http://gut.bmj.com/


Epidemiology ofCrohn's disease 55

more benign than that reported for patient series
from tertiary treatment centres. The 35% resection
rate, for example, is somewhat less than in other
population based studies'3202' and is considerably less
than reported in some referral series." 7 The surgical
natural history in a cohort of Olmsted County
patients with Crohn's has been reported previously.4"
In addition, more than half of the Olmsted County
residents with Crohn's remain free from complica-
tions of the disease, even after 15 years of follow up.
The two fold increased risk of colon cancer (based on
a single observed case) is compatible with the results
of some49 but not all clinical'05' studies. The absolute
level of risk, however, seems to be low."4' 5253 The
relative risk of adenocarcinoma of the small bowel is
also said to be raised,' 53 although the absolute
incidence may be even smaller. The only small
bowel case observed in the present study was a
leiomyosarcoma.

Despite the frequent need for surgery and the
various complications, survival was not significantly
worse in our patients with Crohn's disease than for
Olmsted County residents generally. Minimal53 or
modest'5 impairments in survival have been docu-
mented in other population based studies, while
survival is typically worse in referral series.""474'
The overall case fatality rate, which varies widely in
the literature depending on patient selection and
duration of follow up,' was 5% counting the five
Crohn's related deaths. Even though relatively few
patients have died thus far, we found, as have
others," '""' that Crohns' disease was frequently
implicated.

The authors wish to thank Mr Jon Kosanke for help
with computer programming and Ms Mary Ramaker
for assistance in preparing the manuscript. This
investigation was supported in part by the Mayo
Digestive Disease Center and the Rochester/Olmsted
County Epidemiology Project, research grants
AM 34988 andAM 30582 from the National Institutes
of Health.
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