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The analyses presented were conducted while Dr Fee-
han held a Repatriation Fellowship from the Health Re-
search Council of New Zealand. The authors express
their appreciation to the members of the Woodlawn co-
hort, their families, and the project’s Community Advi-
sory Board, without whose support this ongoing study
would not be possible.

Human Participant Protection
This work was approved by the Committee on human
research of Johns Hopkins Bloomberg School of Public
Health. All adolescent and adults participants consented
to be interviewed. In 1966–1967 when the data were
initially collected, there were no formal guidelines for
the collection of survey data from study participants.
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The federal government has placed a priority
on eliminating racial and ethnic health dispari-
ties, such as disparities in vaccination coverage,
by 2010.1 This study was conducted to exam-
ine recent vaccine coverage rates for American
Indian/Alaska Native (AIAN) children aged 19
to 35 months and to compare these rates with
those of non-AIAN children.

METHODS

The National Immunization Survey is a
multistage, random-digit-dialed survey that es-
timates US national vaccination coverage. In
households with children aged 19 to 35
months, a parent or guardian is interviewed
to collect demographic information, the
child’s immunization history, and consent to
contact the child’s immunization provider.
Providers are surveyed by mail, and only
provider-verified vaccinations are included in
the analysis. National Immunization Survey

methods, including the weighting procedure
designed to compensate for nontelephone
coverage, response propensity, and other
characteristics of the respondents and sam-
pling plan, have been described elsewhere.2,3 

National AIAN and non-AIAN coverage es-
timates and confidence intervals were calcu-
lated with SUDAAN, Version 7.5.3.4 In addi-
tion, coverage rates for the 10 states with the
highest percentage of AIAN children, as deter-
mined by the Census Bureau (Alaska, Arizona,
Montana, Nevada, New Mexico, North
Dakota, Oklahoma, South Dakota, Washing-
ton, and Wyoming), were examined to maxi-
mize the chance of surveying American Indi-
ans/Alaska Natives. These states have Indian
Health Service and tribal programs that pro-
vide integrated primary health care specifi-
cally targeted toward American Indians/
Alaska Natives.

RESULTS

AIAN children aged 19 to 35 months had
a higher prevalence of several risk factors for
underimmunization (e.g., larger family size
and lower socioeconomic status) than did
non-AIAN children (Table 1).5

Nationally, American AIAN children aged
19 to 35 months had a slightly lower, al-
though not statistically significant, 4:3:1:3
series (4 or more doses of diphtheria and
tetanus toxoids and pertussis vaccine, 3 or
more doses of poliovirus vaccine, 1 or more
doses of measles-containing vaccine, and 3
or more doses of Haemophilus influenzae
type b vaccine) vaccination coverage com-
pared with non-AIAN children (Table 2). All
other vaccines showed the same pattern,
with coverage for all AIAN children slightly
lower than coverage for non-AIAN Native
children.

In contrast, in the 10 states with the highest
population percentages of American Indians/
Alaska Natives, 4:3:1:3 series coverage was
slightly higher, although not statistically signif-
icant, for AIAN children than for non-AIAN
children (Table 2). With the exception of vari-
cella and Haemophilus influenzae type b, all
other vaccine coverage rates in the 10 states
showed the same pattern, with coverage for
AIAN children slightly higher than coverage for
non-AIAN children.
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TABLE 1—Characteristics of American Indian/Alaska Native (AIAN) Children Aged 
19–35 Months: National Immunization Survey, 1998–2000a

10 Statesb AIAN 10 Statesb Non-AIAN US AIAN US Non-AIAN 
(Unweighted (Unweighted (Unweighted (Unweighted

n = 674) n = 10 105) n = 996) n = 66 310)
Characteristic % (95% CI) % (95% CI) % (95% CI) % (95% CI)

Gender

Male 46.6 (41.3, 51.9) 51.3 (50.0, 52.6) 50.5 (45.4, 55.6) 51.0 (50.4, 51.6)

Female 53.4 (48.1, 58.7) 48.7 (47.4, 50.0) 49.5 (44.4, 54.6) 49.0 (48.4, 49.6)

First born

Yes 35.6 (30.5, 40.6) 40.4 (39.1, 41.6) 41.8 (36.6, 47.1) 40.8 (40.2, 41.4)

No 64.4 (59.4, 69.5) 59.7 (58.4, 60.9) 58.2 (52.9, 63.4) 59.2 (58.6, 59.8)

Mother’s age, y

≤ 19 5.8 (3.5, 8.1) 3.6 (3.0, 4.1) 5.9 (3.6, 8.1) 3.6 (3.4, 3.9)

20–29c,d 62.3 (57.3, 67.3) 50.3 (49.0, 51.6) 58.0 (52.8, 63.3) 46.5 (45.9, 47.1)

≥ 30c,d 32.0 (27.2, 36.6) 46.1 (44.8, 47.4) 36.1 (30.9, 41.3) 49.9 (49.3, 50.5)

Telephone interrupted in past year

Yes 11.0 (8.1, 14.0) 8.7 (7.9, 9.6) 9.6 (7.1, 12.2) 7.5 (7.2, 7.8)

No 89.0 (86.0, 91.9) 91.3 (90.4, 92.1) 90.4 (87.8, 92.9) 92.5 (92.2, 92.9)

Income, $

0–30 000c,d 71.0 (65.8, 76.2) 48.5 (47.2, 49.9) 65.1 (59.9, 70.4) 47.2 (46.6, 47.9)

30 001–50 000c 19.3 (14.7, 23.9) 25.3 (24.1, 26.4) 21.1 (16.5, 25.6) 21.9 (21.4, 22.4)

50 001–75 000c,d 7.4 (4.3, 10.6) 15.8 (14.8, 16.8) 9.3 (6.1, 12.5) 16.5 (16.0, 16.9)

≥ 75 001c,d 2.3 (1.1, 3.5) 10.4 (9.7, 11.1) 4.5 (2.4, 6.7) 14.4 (14.0, 14.9)

Education of mother

< 12 yc 24.5 (19.5, 29.5) 17.8 (16.7, 18.9) 20.2 (15.5, 25.0) 17.1 (16.6, 17.6)

12 yc,d 46.8 (41.4, 52.2) 37.8 (36.5, 39.2) 44.1 (38.9, 49.2) 36.8 (36.2, 37.4)

Some college 17.1 (13.8, 20.3) 19.6 (18.6, 20.5) 18.0 (14.6, 21.5) 17.8 (17.4, 18.3)

College graduatec,d 11.6 (8.8, 14.5) 24.8 (23.8, 25.8) 17.7 (13.7, 21.6) 28.2 (27.7, 28.7)

Moved to different state

Yesc 6.7 (4.2, 9.2) 13.9 (12.9, 14.9) 7.5 (5.0, 10.0) 9.7 (9.3, 10.0)

Noc 93.3 (90.8, 95.8) 86.1 (85.1, 87.1) 92.5 (90.0, 95.0) 90.4 (90.0, 90.7)

No. of people in household

2 3.2 (1.4, 4.9) 3.1 (2.6, 3.6) 4.4 (1.4, 7.3) 3.1 (2.9, 3.3)

3c 19.0 (14.8, 23.3) 24.1 (23.0, 25.2) 23.2 (18.6, 27.8) 23.5 (23.0, 24.0)

4 31.4 (26.5, 36.4) 35.2 (34.0, 36.5) 32.5 (27.7, 37.3) 36.6 (36.0, 37.2)

5c 17.1 (13.5, 20.8) 21.2 (20.2, 22.3) 17.4 (13.3, 21.5) 20.7 (20.2, 21.2)

≥ 6c,d 29.2 (24.1, 34.4) 16.3 (15.3, 17.3) 22.6 (18.7, 26.4) 16.1 (15.6, 16.5)

Mother’s marital status

Widowed/separated/divorced 11.0 (7.8, 14.2) 10.3 (9.5, 11.2) 11.5 (7.8, 15.3) 8.8 (8.5, 9.2)

Never marriedc,d 35.2 (30.4, 40.1) 16.6 (15.6, 17.6) 32.9 (28.1, 37.7) 19.7 (19.2, 20.2)

Marriedc,d 53.8 (48.4, 59.2) 73.1 (71.8, 74.3) 55.5 (50.3, 60.7) 71.5 (70.9, 72.1)

Child ever received Special 

Supplemental Nutrition 

Program for Women, Infants,

and Children services

Yesc,d 82.6 (78.5, 86.8) 55.5 (54.1, 56.8) 76.3 (71.9, 80.9) 53.7 (53.0, 54.3)

Noc,d 17.4 (13.2, 21.5) 44.5 (43.2, 45.9) 23.7 (19.1, 28.2) 46.4 (45.7, 47.0)

Continued

DISCUSSION

Despite increased risk factors for underim-
munization, immunization coverage for Amer-
ican Indians/Alaska Natives is comparable to
that for other races/ethnicities. One potential
reason for high AIAN coverage rates in the ten
states with the highest American
Indian/Alaska Native population percentage is
the provision of comprehensive health services
through the US Department of Health and
Human Services’s Indian Health Service and,
increasingly, tribal health programs established
under Public Law 93 638 (Indian Self Deter-
mination and Education Assistance Act).6

In 1998 and 1999, 60% of all US Ameri-
can Indians/Alaska Natives lived in an Indian
Health Service area, which, in many areas, is
the only source of health care.6 The Indian
Health Service and tribal organizations pro-
vide integrated, primary care that includes
several different services. For example, public
health nurses make home visits; track under-
immunized children; and hold field clinics at
tribal community centers, clinics, schools, or
other locations on reservations. In addition,
many Indian Health Service and tribally oper-
ated clinics collaborate with other programs
such as Special Supplemental Nutrition Pro-
gram for Women, Infants, and Children; Com-
munity Health Representative Program; and,
in Alaska, the Community Health Aide Pro-
gram. The Special Supplemental Nutrition
Program for Women, Infants, and Children
provides food, nutrition counseling, and ac-
cess to health services to low-income women,
infants, and children.7 Community Health
Representative Programs provide community
outreach and education, and the Community
Health Aide Programs provide primary and
emergency care in remote Alaska villages.8

Another program that may be responsible
for high AIAN coverage is the Vaccines for
Children Program, which provides free vac-
cines to providers who care for children in 4
risk groups, one of which is AIAN children.9

Several caveats apply to our results. First,
our data are from the National Immunization
Survey, a random-digit-dialed survey. Al-
though adjustments are made for nonre-
sponse and nontelephone households by
race/ethnicity (White, Black, Hispanic, other)
on a national level, it was not possible to
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TABLE 1—Continued

Age of child, mo

19–24 39.8 (34.6, 45.0) 35.4 (34.1, 36.6) 40.5 (35.4, 45.7) 35.9 (35.3, 36.4)

25–29 27.1 (22.3, 31.9) 29.0 (27.8, 30.2) 28.0 (23.5, 32.5) 29.3 (28.7, 29.8)

30–35 33.1 (27.9, 38.2) 35.6 (34.4, 36.9) 31.4 (26.5, 36.3) 34.9 (34.3, 35.5)

Shot card availability

Yesc,d 41.0 (35.8, 46.2) 54.6 (53.3, 56.0) 44.1 (38.8, 49.3) 49.6 (49.0, 50.2)

Noc,d 59.0 (53.8, 64.2) 45.4 (44.0, 46.7) 55.9 (50.7, 61.1) 50.4 (49.8, 51.0)

No. of providers

1d 64.8 (59.7, 70.0) 61.3 (60.0, 62.5) 60.9 (55.6, 66.2) 67.8 (67.2, 68.3)

≥ 2d 35.2 (30.0, 40.3) 38.7 (37.5, 40.0) 39.1 (33.8, 44.4) 32.2 (31.7, 32.8)

Type of provider

All publicc,d 46.3 (41.0, 51.7) 17.6 (16.6, 18.6) 36.2 (31.2, 41.2) 16.0 (15.5, 16.4)

All privatec,d 19.1 (14.7, 23.4) 49.7 (48.4, 51.0) 31.5 (26.7, 36.3) 54.7 (54.1, 55.3)

Other/mixed/unknown 34.6 (29.4, 39.8) 32.7 (31.5, 34.0) 32.3 (27.4, 37.2) 29.4 (28.8, 29.9)

Note. CI = confidence interval.
aChildren in survey period born between February 1995 and May 1999.
bAlaska, Arizona, Montana, Nevada, New Mexico, North Dakota, Oklahoma, South Dakota, Washington, and Wyoming.
cSignificant difference between 10 states AIAN and 10 states non-AIAN.
dSignificant difference between US AIAN and US non-AIAN.

TABLE 2—Vaccine Coverage Levels Among American Indian/Alaska Native (AIAN) Children
Aged 19–35 Months, by Selected Vaccines: National Immunization Survey, 1998–2000a

10 Statesb AI/AN 10 Statesb Non-AI/AN US AI/AN US Non-AI/AN 
% (95% CI) % (95% CI) % (95% CI) % (95% CI)

DTP/DT/DtaP

≥ 3 doses 94.2 (90.7, 97.8) 93.7 (93.0, 94.4) 92.7 (88.7, 96.6) 95.2 (94.9, 95.5)

≥ 4 doses 84.4 (80.0, 88.7) 80.2 (79.1, 81.3) 79.1 (74.2, 83.9) 83.0 (82.6, 83.5)

Poliovirus

≥ 3 doses 90.2 (86.3, 94.1) 88.8 (87.9, 89.6) 87.7 (83.4, 92.0) 90.0 (89.6, 90.4)

Haemophilus influenzae type b

≥ 3 doses 91.5 (87.6, 95.4) 91.7 (90.9, 92.4) 90.5 (86.4, 94.6) 93.5 (93.2, 93.8)

MCV

≥ 1 dose 90.4 (86.4, 94.4) 89.2 (88.3, 90.0) 90.0 (86.7, 93.3) 91.5 (91.1, 91.8)

Hepatitis B

≥ 3 doses 87.0 (82.8, 91.2) 86.0 (85.0, 86.9) 86.0 (81.4, 90.5) 88.5 (88.1, 88.9)

Varicellac

≥ 1 dose 46.6 (41.2, 51.9) 49.7 (48.4, 51.0) 48.5 (43.3, 53.7) 58.2 (57.6, 58.8)

Combined series

4:3:1:3d 78.2 (73.4, 83.0) 75.1 (73.9, 76.3) 74.0 (69.0, 79.0) 78.0 (77.5, 78.5)

Note. CI = confidence interval; DTP = diphtheria and tetanus toxoids and pertussis vaccine; DT = diphtheria and tetanus
toxoids; DtaP = diphtheria and tetanus toxoids and acellular pertussis vaccine; MCV = measles-containing vaccine.
aChildren in survey period born between February 1995 and May 1999.
bAlaska, Arizona, Montana, Nevada, New Mexico, North Dakota, Oklahoma, South Dakota, Washington, and Wyoming.
cSignificant difference between US AIAN and US non-AIAN.
dFour or more doses of diphtheria and tetanus toxoids and pertussis vaccine, 3 or more doses of poliovirus vaccine, 1 or
more doses of measles-containing vaccine, and 3 or more doses of Haemophilus influenzae type b vaccine.

make this adjustment to the relatively small
AIAN population. Given that many American
Indians/Alaska Natives live in a nontelephone
household, a positive bias likely exists. Sec-
ond, because National Immunization Survey
nontelephone adjustments are not state spe-
cific, it is unknown whether adjustments
would have had more or less effect on cover-
age estimates in the selected 10 states. Third,
the study combined multiple years of Na-
tional Immunization Survey data, which im-
plicitly assumes no strong secular trend. De-
spite these limitations, our coverage estimates
were remarkably similar to estimates from
several smaller Indian Health Service surveys
of AIAN populations (R. Singleton, MD,
Alaska Native Tribal Health Consortium, un-
published data, October 12, 2001; R. Single-
ton, MD, oral communication).

A precept of public health is the equitable
distribution of preventive services benefits to
all regardless of poverty, race/ethnicity, limited
access, and so forth. The high immunization
coverage estimates in a minority population
with higher prevalence of several “traditional”
risk factors for underimmunization suggest that
sufficiently targeted, community-based, cultur-
ally appropriate programs can affect racial/eth-
nic and other health disparities.
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Relation of Occupational
Change to Cardiovascular
Risk Factor Levels in
Rural Chinese Men: 
The People’s Republic of
China–United States
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Davis, PhD, Yangfeng Wu, PhD, Xiaoqing Liu,
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During the second half of the 20th century,
millions of people in developing countries
ceased to be farmers and sought other occu-
pations. Little has been reported of the im-
pact of this transition on risk factors for car-
diovascular disease (CVD) and other chronic
diseases. Ecological and prospective studies
indicate that elevated blood pressure, ele-
vated total cholesterol (TC), obesity, and
smoking are major risk factors for stroke and
coronary heart disease (CHD) in Chinese
populations.1–4 Concurrent with economic
development in China, levels of risk factors
have tended to rise.5 This study examined
men residing in rural areas near big cities
who worked as farmers in 1983–1984 and
the relation of occupational change from
1983–1984 to 1993–1994 and their CVD
risk factor changes.

METHODS

The People’s Republic of China–United
States Collaborative Study on Cardiovascular
and Cardiopulmonary Epidemiology6 sampled
men aged 35 to 54 years from rural areas of
Beijing in northern China and Guangzhou in

southern China in 1983–1984, 1987–1988,
and 1993–1994.

Blood pressure (systolic [SBP] and diastolic
[DBP]), body mass index (BMI), fasting serum
total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), and triglycerides (TG)
were measured by internationally standardized
methods.6 The 1993–1994 survey tracked
change of occupation among the men over the
past 10 years (1983–1993). Associations of
occupation and occupation change with CVD
risk factors and changes were analyzed by
comparison of cohorts with complete data
using regression models. Our hypothesis was
that CVD risk factor trends would be more ad-
verse for farmers who left agricultural work
than for farmers who remained field workers.

RESULTS

Of 428 rural men aged 35 to 54 years
who worked as field laborers in 1983–1984,
102 changed occupation by 1993–1994
and were no longer working in farming.
None of the 70 men engaged in sedentary
office work or the 135 rural factory workers
changed occupation.

Baseline levels of 6 risk factors (SBP, DBP,
BMI, TC, TG, HDL-C) were lower in farmers
than in office workers and rural factory work-
ers (Table 1). In 1983–1984, the 102 farm-
ers who changed occupation over the next
decade had SBP, DBP, and BMI levels similar
to those of the 326 farmers who did not
change occupation. Baseline lipid levels of the
102 farmers were slightly more adverse than
those of the 326 who remained farmers. The
102 farmers who changed occupation experi-
enced more adverse trends compared with
the 326 who remained farmers. The greater
increases in SBP, DBP, and BMI of the 102
farmers who changed occupation compared
with those who did not were statistically sig-
nificant; the greater increase in TG and lesser
increase in HDL-C were not significant. TC
increases were similar.

As a result of these trends, 1993–1994 av-
erage SBP, DBP, BMI, TC, and TG values
were higher and HDL-C values were lower
for the 102 farmers who changed occupa-
tions than for the 326 farmers who remained
farmers. By 1993–1994, the farmers who
changed occupation had risk factor levels sim-


