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Appendix E: OTA ANALYSIS OF PREVENTIVE SERVICE USE BY. .
THE ELDERLY WITH DATA FROM THE 1982
NATIONAL HEALTH INTERVIEW SURVEY

Methods

The Data

The National Health Interview Survey
(NHIS) is a representative household survey
conducted annually since 1957 by the U.S.
Department of Health and Human Service’s
National Center for Health Statistics (NCHS).
In addition to a core questionnaire that
measures the self-reported prevalence of var-
ious medical conditions, the use of health
services, general health status, disability, and
demographic characteristics, NCHS adds sup-
plemental questionnaires on specific topics
that vary from year to year. In 1982, the
NHIS contained supplemental questionnaires
on the use of preventive health services and
the types and degree of health insurance
coverage. Although NCHS has published
some data from the preventive services sup-
plement in tabular form (75), no published
work to date has attempted to use these data
to understand what factors are associated with
the use of preventive services by the elderly.
OTA decided to conduct such an analysis.

OTA obtained magnetic tapes of the core
and supplemental questionnaire data for the
1982 NHIS from NCHS. These data files
contained 103,923 observations reflecting
respondents of all ages with 11,434 observa-
tions for individuals 65 years or older. In
addition to responses to survey questionnaires,
e a c h  o b s e r v a t i o n  c o n t a i n e d  a  u n i q u e
identifier, variables identifying a stratum and
cluster from which it was drawn, and the
weights necessary to produce representative
estimates.

Among the variables on the data set,
OTA was interested in:

■ the amount of time elapsed since the
respondent last received each of five
screening services (glaucoma screening,
blood pressure measurement, eye exam-
ination, breast examination, and Pap
smear); and

■ factors potentially associated with the
use or nonuse of these five services.

OTA converted each of the five variables
measuring elapsed time since use of pre-
ventive services to a binary variable that
measures whether or not the individual used
the service within a specified period of time.

These periods of time are based on the
recommendations of expert groups presented
in table 2 in the text of this paper. Because
there is some variation across the different
sets of expert guidelines listed in table 2,
OTA summarized the published recommenda-
tions in the composite measures presented in
table 8. These composite measures do not
represent a set of recommendations them-
selves; rather, they are merely one benchmark
for comparing actual use to what is generally
cons ide red  adequa te  by  recommending
groups. Where there is disagreement among
r e c o m m e n d i n g  g r o u p s ,  t h e  c o m p o s i t e
measures tend toward longer intervals be-
tween screenings in order to measure com-
pliance with minimal recommended levels of
prevention. These composites of expert
recommendations pertain only to the primary
analyses conducted by OTA. As a source of
comparison, table 8 also includes the periods
used by two other studies of the use of pre-
ventive procedures. In one of these papers,
the authors measured recommended peri-
odicity as the mean of published recom-
mendations (92). The other paper formed a
consensus based on their own review of
relevant literature (45).

Because of the coding scheme of the
NHIS, use within an ‘x” year period really
means that the individual had used the ser-
vice within a period of less than but not in-
cluding “x+1” years. For example, consider
the case of breast examinations. Table 2 sug-
gests that one should measure use within the
previous year. However, under the NHIS
coding scheme, one would consider an elderly

46
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woman who had her last breast examination on the data set:
21 months ago to have been adequately
screened; a woman whose last breast exam-

■

ination was 24 months ago would not. Table
9 lists all variables used in the analysis and
also includes appropriately weighted de-
scriptive statistics. ■

Methods of Analysis

OTA used PC-CARP R software (on an
80286 personal computer) to analyze the data.
PC-CARPR was developed by the Statistical
Laboratory at Iowa State University especially
for analyzing data from surveys with complex
designs like the NHIS. It makes use of the
sampling information in the data files to pro-
duce appropriate point and variance esti-
mates. OTA performed two separate analyses

a descriptive summary of the percent-
ages of elderly individuals who reported
using each of the five screening services
within the specified time; and

a multivariate weighted logistic regres-
sion analysis of the use or nonuse of
these services.

In addition, OTA:

■ examined whether observations dropped
from the multivariate analysis because
they contained some missing information
differ in any important ways from ob-
servations included in the analysis,
potentially biasing our estimated para-
meters;

Table 8--- Periods of Time Used by OTA and Two Studies to Measure
Older Adults’ Use of Preventive Services

Period of time to measure use employed by:

Service OTAa Lillard, et al., 1986b woo, et al., 1985C

■ Initial or periodic physical exam 1 year . . . . 1.4 years
■ Blood cholesterol level 5 years . . . . 4.5 years
■ Fecal occult blood test 1 year 1 year 1.0 year
■ Pap smear 3 years* 3 years 4.1 years
■ Glaucoma screening 2 years* . . . . ----

■ Optometry/ophthalmology exam 2 years* ---- ----

■ Pneumococcal immunization L i fet i me Lifetime ----

■ Influenza immunization 1 year 1 year . . . .

■ Tetanus immunization 10 years 10 years -.. .

■ Hypertension screening 1 year* ..-. 1.4 years
■ Breast examination 1 year* ..-. ... -

Abbreviation: HMO= health maintenance organization.

~Intervals  listed in this colum represent  composi tes of  the expert  recommendat ions surrnarized  in table  2.
L.A. Li[lard,  W.G. Manning, C. Peterson, et al., Preventive Medical Care: Standards Usa~e and Efficacy (Santa
Monica, CA: The Rand Corporat ion,  1986) .

CB. Woo,  B .  Woo,  E.F.  Cook,  et  a l . , IIScreening  procedures in the Asymptomatic  Adult: Comparisons of

Physicians’ Recommendations, Patients’ Desires, Published Guidelines, and Actual Practice,ti J.A.M.A.
254(11):1480-1484,  1985.

*As described in greater detai[  in appendices E and F, OTA  eStiIMtd  the Use Of preVefltiVe SerViCeS  aMOn9
t h e  e l d e r l y  w i t h  two d i f f e r e n t  d a t a  s o u r c e s - - a single HMO and the 1982 Nat ional  Heal th Interview Survey
(NHIS). The asterisk indicates services included in the NHIS analysis. Because of the coding scheme of
the NHIS,  use within an ‘xM year  per iod really means that  the indiv idual  has used the service wi thin a
per iod of  less  than but  not  inc luding ‘X+lU years . Under this scheme, we would consider an elderly woman
who had her last breast examination 21 months ago to have been adequately screened; a woman whose last
breast examination was 24 months ago would not. For  the  HMO data ,  use wi th in  ‘xM years carr ies a l i teral
d e f i n i t i o n .

Sources: Off ice of  Technology Assessment,  1989.
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■ considered whether multicollinearity in
the models might reduce precision; and

■ examined how the probabilities of use
predicted by the models varied with
each significant variable.

The multivariate analysis uses Taylor
series techniques to estimate a weighted
logistic regression model of the form:

is the probability of elderly person i
using service j. Use is measured by
binary variable Y ij (=1 if person i
had service j within the specified
period of time; Yij O otherwise).

is a vector of predisposing charac-
teristics describing elderly person i.

E i is a vector of enabling characteristics.

H i

Uj

&j

describing elderly person i.

is a vector of health status charac-
teristics describing elderly person i.

is an estimated parameter, and 6 j,
8 j* Yj are vectors of estimated
parameters for service j.

is an individual, service specific er-
ror term.

PC-CARP R produces estimated coefficients
tha t  a re  cons i s t en t  and  appropr i a t e ly
weighted. Estimates of asymptotic variances
also appropriately reflect the complex survey
design.

PC-CARPR requires that no observation
in the data matrix contain missing values.
For the logistic regression analysis, OTA used
SPSS-PC+ to create two data files. OTA
purged both files in a listwise fashion of ob-
servations containing missing data on any

variable in the models. 1 OTA used one of
the data sets to estimate models for pre-
ventive services potentially used by both
sexes--glaucoma screening, eye examinations,
and blood pressure measurement. OTA used
the other data set, which contained only the
observations for women, to estimate models
for breast examinations and Pap smears.

The data set for both sexes contained ex-
actly 9,000 out of the original 11,434 obser-
vations. The remaining 2,434 observations,
which had missing data,  represented a
weighted 21.5 percent of the over-65 popula-
tion. The single variable with the most miss-
ing observations was family income. This
variable alone had missing observations
representing 15.3 weighted percent of the
elderly population. Of each of the other var-
iables containing missing values, none lacked
data on observations representing more than 4
weighted percent of individuals over-65. The
data set containing only women had 5,040
observations out of a possible 6,655. The
1 ,615  obse rva t ions  wi th  mis s ing  da ta
represented 19.6 weighted percent of all
women over 65.

Results
The estimates of the national proportions

of elderly using each of the five screening
services within the specified time are pre-
sented in table 3 in the text of the paper.
Additional descriptive statistics are presented
in table 9. Table 10 below presents the para-
meters of the estimated logistic regressions
that attempt to explain the use or nonuse of
each service. Table 7 summarizes these
results, and the text of the paper discusses
their significance.

1 T o  e s t i m a t e  t h e  d e s c r i p t i v e  s t a t i s t i c s  p r e s e n t e d
i n  t a b l e  9  a n d  t h e  n a t i o n a l  p e r c e n t a g e s  o f  e l d e r l y
r e c e i v i n g  t h e  f i v e  s c r e e n i n g  s e r v i c e s ,  OTA u s e d
data sets  that  contained all o b s e r v a t i o n s  f o r  w h i c h
a n y  d a t a  i s  a v a i l a b l e  f o r  t h e  p a r t i c u l a r  v a r i a b l e
i n  q u e s t i o n . The Listwise deletion of missing values
d e s c r i b e d  h e r e  o n l y  a p p l i e s  t o  t h e  l o g i s t i c
r e g r e s s i o n  a n a l y s i s .
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Table 9--- 1982 National Health Interview Survey:
Selected Descriptive Statistics for Persons Over 65

Number of observations: 11,434
Weighted number of observations: 2 5 , 3 9 1 , 0 2 3

Weighted Means and Standard Deviations for Continuous Variables

V a r i a b l e Mean Standard deviat ion
..--.. . . . . . . . . . . . . . . ------- ------- . . . . . . . - . . . . . . .
AGE -73.39 6 . 6 3
. . - - . .  .  .  .  .  .  .  .  - - - - - - -  - - - - - - -  - - - - - - -  - - - - - - -  - - - - - - -  -
INCOME 1 5 , 2 1 7 . 9 7 1 3 , 8 5 3 . 5 6

Weighted Frequency Distributions for Categorical Variables

V a r i a b l e Proport ion V a r i a b l e P r o p o r t i o n

GLAUCOMA EDLEVEL Highest educational level attained:
l=screened for glaucoma within O=none or kindergarten 0.02

previous 2 years,  11 months 0 . 6 6
O=otherwise 0.34

----- ------ ------ ------ ------ . . . . . . . . . . . . . . . .
EYE
1=received eye examination within

previous 2 years, 11 months 0.75
O=otherwise 0.25

----- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
BLOODP
l=had blood pressure measured within

previous 1 year, 11 months 0.93
O=otherwise 0.07

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ----
BREAST
l=had clinical breast examination

within previous 1 year, 11 months 0.50
O=otherwise 0.50

--.... ------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
PAP
1=had Pap smear within previous 3

years, 11 months 0.52
O=otherwise 0.48

---- . . . . . . . . . . . . . . . . . . . . ----- . . . . . . . . . . . . . . . .

1=1 to 8 years ( e l e m e n t a r y ) 0 . 3 8
2=9 to 11 years (some high school) 0 . 1 6
3=12 years (high school  graduate) 0 . 2 6
4=1 to 3 years c o l l e g e 0.09
5=college graduate 0.05
6=post-graduate educat ion 0.04
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ------- . . . . . . . . .

SMSA
1=resides in a Census Bureau Standard

M e t r o p o l i t a n  S t a t i s t i c a l  A r e a  ( u r b a n  a r e a )  0 . 6 4
0 = o t h e r u i s e 0 . 3 6

.-.-.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
PREPAID

1=enrolled in HMO or sane other prepaid
h e a l t h  p l a n 0.02

0=otherwise 0 . 9 8
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
HLTHINSR

1=has some health insurance coverage
or  heal th  benef i ts  beyond Medicare
i n c l u d i n g  p r e p a i d ,  V e t e r a n si,  m i l i t a r y ,
or  means tested publ ic  assistance
h e a l t h  b e n e f i t 0 . 7 8

0=otherwise 0 . 2 2
------ . . . . . . . . . . . . . . . . . . . . . . . . . . . . ------- . . . . . . . ---
ALONE

1 = l i v e s  a l o n e 0.30
0=otherwise 0.70

. . . . . . . . . . . . . . . . . . . . ------- --- . . . . . . . . . . . . . ------- .

0 . 4 1
0=female 0.59

BEDDAYS days in bed during previous
12 months:

O=none 0 . 6 5
1=1 to 7 days 0 . 1 6
2=8 to 30 days 0 . 1 2
3=31 to 180 days 0 . 0 5
4=181 to 365 days 0 . 0 2

- - - - - -  . ------ ...-.-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
NONWHITE
l=nonwhite
0=white

LIMITED
0 . 1 0 1 = l i m i t e d  i n  s o m e  a c t i v i t y
0 . 9 0 0=otherwise

0.70
0.30

SOURCE: Office of Technology Assessment, 1989.
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Table 10. --Elderly Use of Five Screening Services: Logistic Regression Results

GLAUCOMA BLOOOP EYE -BREAST PAP
Independent Mean Estimated Estimated Estimated
variable value coefficients coefficients coefficients

INTERCEPT 1.0000000 0.4160073 -0.3433352 0.8399042

Predispose ng factors:
MALE 0.4162490

AGE 73.2137000

NONWHITE 0.0945106

EDLEVEL 2.3429000

Enabling factors:
INCOME 15276.8000000

SMSA 0.6336510

PREPAID 0.0229561

HLTHINSR 0.7896040

ALONE 0.3067190

Health status measures:
BEDDAYS 0.6316600

LIMITED 0.2992070

------ . . . . . . . . . . . . . . ---

(0.2927390) (0.7538013) (O.296341O)**

-0.3009192 -0.3259628 -0.2439690
(0.0534922)** ( 0 . 0 9 5 7 8 4 1 ) * *  ( 0 . 5 8 7 4 0 6 9 ) * *
-0.0091917 0.0264826 -0.0061867
(0.0038157)* ( 0 . 0 0 9 5 7 2 0 ) ”  ( 0 . 0 0 3 9 8 4 4 )
-0.3735570 -0.0368144 -0.0887188
(0.0838741)** (0.1647689) (0.0923361)
0.1601070 0.1038493 0.1147214

(0.0223536)** (0.0436750)* (0.0229877)**

0.0000114 0.0000106 0.0000066
(0.0000026)** (0.0000058) (0.0000028)*
0.2167839 0.0064913 0.2054843

(0.0571966)** (0.1049219) (0.0589708)**
0.2349249 0.6391572 0.1612398

(0.2200813) (0.5023571) (0.2554439)
0.4306881 0.5616778 0.3853976

(0.0625027)** ( 0 . 1 2 4 8 5 3 3 ) * *  ( 0 . 0 6 2 8 2 2 2 ) * *
0.0062441 -0.1136007 0.0406232

(0.0589261) (0.0944282) (0.0638674)

0.1227310 0.8908110 0.0776005
(0.0304799)** (O.1O5O414)**  (0 .0281800)**
0.0003354 0.3276151 -0.1233437

(0.0585122) (0.1317948)* (0.5909522)*
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Model statistics:
N 9000.0 9000.0 9000.0
Dependent variable mean 0.6635 0.9319 0.7432
F-statistic 32.41** 15.14** 15.12**
Average design effect= 1.32 1.53 1.28

Mean Estimated Estimated
value coefficients coeff icients

1.0000000 -0.0166337 2.1542170
( 0 . 3 9 6 0 9 n )  ( 0 . 3 8 8 9 9 7 9 ) * *

. . - . . .
. . . . . .

73.4815000 -0.0167258 -0.0400128
(0.0051317)** (0.0049593)**

0.0937475 0.0263338 0.1506788
(0.0982817) (0.1056188)

2.3367600 0.1132536 0.0962961
(0.0255863)** (0.0249885)**

4059000000 0.0000119 0.0000102
(0.0000027)** (0 .0000028)**  (0 .0000028)**
0.6364580 0.3110662 0.1555873

(0.0694007)** (0.0700830)*
0.0199337 0.3845290 0.4433711

( 0 . 2 4 0 5 2 2 5 )  ( 0 . 2 7 2 3 7 5 6 )  ( 0 . 2 7 2 3 7 5 6 )
0.7834470 0.3761862 0.3581028

(0.0884009)** (0 .0861343)**  (0 .0861346)**
0.4099680 0.1971576 -0.0397508

(O.O74391O)**(O.O665113)** (0.0651125)

0.6405870 0.3337425 0.1943092
(0.0327194)** (0 .0335717)**  (0 .0333572)**
O.3O8W1O 0.0448802 0.0331326

( 0 . 0 7 0 3 5 2 2 )  ( 0 . 0 7 6 2 6 7 6 )  ( 0 . 0 7 6 2 6 7 6 )
------ .-.-... . . . . . . . ------- ------- ------

5040.0 5040.0
0.4985 0.5243

23.09** 25.87**
1.20 1.23

aAsbytotic standard errors are in parentheses belou each estimated coefficient.
Variable means uere calculatd from data matrices used to estimate logit models (i.e., purged  of
observations ~ith missing values).

cAverage “effectU  of coaplex  survey design on variances of estimated coefficients. This ‘effect”  is measured
as the nunber of times greater the variance from the complex design is than the variance from a simple
random design.

*Estimated parameter significant at the 0.05 level, t~o-tailed test.
**Esti~ted  ~r~ter significant  at the 0.01 level, tW-tailSd  test.

Variable Key:
~~v~
GLAUCOMA --l=sc~eened  for glaucoma within previous 2 years, 11 months; O=otheruise
EYE --l=received eye examination within previous 2 years, 11 months; O=otherwise
BLOCX)P --l=had blood pressure measured uithin previous 1 year, 11 months; O=otheruise
BREAST --l=had clinical breast examination within previous 1 year, 11 months; O=otheruise
PAP --l=had Pap smear within previous 3 years, 11 months; O=otherwise
~tv~
MALE --l=male~ O=female
AGE --respondent’s age in years
NONWHITE --l=nonwhite; O=white
EDLEVEL --highest educational level attained; O=none or kindergarten; 1=1 to 8 years (elementary); 2=9

to 11 years (sp,e high school); 3=12 years (high school graduate); 4=1 to 3 years college;
5=college graduate; 6=post-graduate education

INCOME --family income in dollars
SMSA --l=resides in a Census Bureau Standard Metropolitan Statistical Area (urban area); O=otherwise
PREPAID --l=enrolled in HMO or some other prepaid health plan; O=otherwise
HLTHINSR --l=has some health insurance coverage or health benefits beyond Medicare including prepaid,

Veterans’, military, or means tested public assistance health benefit; O=otherwise
ALONE --l=lives alone; O=otherwise
BEDDAYS --days in bed during previews 12 months; O=none; 1=1 to 7 days; 2=8 to 30 days; 3=31 to 180

days; 4=181 to 365 days
LIMITED --l=limited in some activity; O=otherwise
SOURCE: Office of Technology Assessment, 1989.
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Table 11. --Correlation Matrix for Variables in Logistic Regression Modelsa

NON- ED- HLTH -
GLAUCOMA BLOODP EYE BREAST PAP MALE AGE WHITE LEVEL INCOME SMSA PREPAID INSR ALONE BEDDAYS LIMITED

GLAUCOMA 1.00
xx

BLOODP 0.19 1.00
xx xx

EYE 0.69 0.18 1.00
xx xx xx

BREAST xx xx xx xx
xx xx xx 1.00

PAP xx xx xx xx xx
xx xx xx 0.49 1.00

MALE

AGE

NONWHITE

EDLEVEL

INCOME

SMSA

PREPAID

HLTHINSR

ALONE

BEDDAYS

-0.06
xx

-0.05
xx

-0.09
xx

0.15
xx

0.12
xx

0.07
xx

0.03
xx

0.12
xx

-0.01
xx

0.04
xx

-0.04
xx

0.03
xx

-0.02
xx

0.05
xx

-0.05 xx xx 1.00
xx xx xx 1.00

-0.03 xx XX -0.06
XX -0.06 -0.15 XX

-0.03 xx xx 0.00
xx -0.02 0.00 xx

0.10 xx xx 0.01
xx 0.11 0.11 xx

0.04 0.07 xx xx 0.10
xx xx 0.09 0.10 xx

0.01 0.06 XX xx -0.01
xx xx 0.09 0.05 xx

0.02 0.02 xx xx 0.03
xx xx 0.04 0.04 xx

0.07 0.09 xx xx 0.02
xx xx 0.10 0.09 xx

-0.01 0.01 xx XX -0.26
xx XX 0.01 -0.06 XX

0.13 0.02 xx xx -0.02
xx XX 0.15 0.08 XX

1.00
1.00

-0.01
-0.01
-0.14
-0.14

“0.11
-0.09

-0.00
0.01
-0.03
-0.03
-0.09
-0.08
0.18
0.21

0.06
0.06

1.00
1.00

-0.16 1.00
-0.18 1.00

-0.13 0.39 1.00
“0.13 0.32 1.00
0.04 0.09 0.12 1.00
0.02 0.08 0.11 1.00
-0.00 0.04 0.03 0.10 1.00
-0.01 0.03 0.01 0.08 1.00
-0.12 0.18 0.11 0.01 0.08 1.00
“0.11 0.18 0.07 0.00 0.08 1.00
0.01 -0.02 -0.31 -0.00 -0.04 -0.01 1.00
“0.01 -0.00 -0.36 -0.01 -0.03 0.03 1.00

0.04 -0.05 -0.03 -0.01 -0.02 -0.01 0.01 1.00
0.04 -0.05 -0.04 -0.00 0.00 -0.02 0.01 1.00

LIMITED -0.00 0.06 -0.03 xx xx -0.04 -0.07 0.06 -0.12 -0.07 -0.04 -0.00 -0.02 -0.03 0.31 1.00
xx xx xx 0.04 0.03 xx -0.04 0.07 -0.12 “0.05 -0.03 0.01 -0.01 -0.04 0.45 1.00

‘Pearson correlation coefficients. First row in each cell gives correlation in data set used to estimate
models for GLAUCOMA, EYE and BL~P’(n=9000). Second row gives correlation for data set used to estimate
mode(s for BREAST and PAP (n=5040).

symbol Key: XX=Not applicable (Both variables not contained on that data set)
Variable Key:

DependentVariables:
GLAUCOMA --l=screened for glaucoma within previous 2 years, 11 months; 0=othewise
EYE --l=received eye examination within previous 2 years, 11 months; O=other~ise
BL00DP --l=had blood pressure measured within previous 1 year, 11 months; O=otherwise
BREAST --l=had clinical breast examination within previous 1 year, 11 months; O=otherwise
PAP --l=had Pap smear within previous 3 years, 11 months; O=otherwise

Independent Variables:
MALE --l=male; O=female
AGE --respondent’s age in years
NONWHITE --l=nonwhite; O=white
EDLEVEL --highest educational level attained; O=none or kindergarten; 1=1 to 8 years (elementary); 2=9 to

11 years (some high school); 3=12 years (high school graduate); 4=1 to 3 years college;
5=college graduate; 6=post-graduate education

INCOME --family income in dollars
SMSA --l=resides in a Census Bureau Standard Metropolitan Statistical Area (urban area); O=otherwise
PREPAID --l=enrolled in HMO or some other prepaid health plan; O=otherwise
HLTHINSR --l=has some health insurance coverage or health benefits beyond Medicare including prepaid,

Veterans', military, or means tested public assistance health benefit; O=otherwise
ALONE -l=lives alone; O=otherwise
BEDDAYS --days in bed during previews 12 months; O=none; 1=1 to 7 days; 2=8 to 30 days; 3=31 to 180 days;

4=181 to 365 days
LIMITED --l=limited in some activity; O=otherwise
SOURCE: Office of Technology Assessment, 1989.
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To examine the possibility that multi-
collinearity among the independent variables
in the model might preclude precise estima-
tion, OTA estimated the weighted first-order
Pearson correlation matrices for the two data
sets. Table 11 presents  the correlat ion
statistics. Only three pairs of independent
variables had correlations greater than 0.25
(or less than -0.25): EDLEVEL and IN-
COME (0.39 in the two-gender data set and
0.32 in the women only data set), ALONE
and INCOME (-0.31 and -0.36 respectively),
and the two measures of  heal th status,
LIMITED and BEDDAYS (0.31 and ().43
respectively). In addition, ALONE and AGE
have correlations of 0.18 and 0.21 respective-
ly in the two data sets. However, despite the
potential effect of this collinearity on the
estimated variances, the conclusions are un-
likely to change. In all models except blood
pressure measurement, EDLEVEL and IN-
COME are both already significant predictors
of preventive service use. ALONE is sig-
nificant in three out the five (with blood
pressure measurement and Pap smears being
the exceptions). Although there is a high de-
gree of correlation between BEDDAYS and
LIMITED, at least one of them is statistically
significant in all of the models except glau-
coma screening, thus supporting the notion
that health status is associated with preventive
service use among the elderly.2

OTA excluded a substantial proportion of
observations because data were missing for
one or more variables in the model. In order
to examine if these exclusions could have
biased the results of the multivariate models,
OTA compared the characteristics of the in-
cluded and excluded groups. In both data
sets, the included respondents were sig-
nificantly different from those eliminated be-

Z However ,  because mul ticol  1 i neari ty reduces the
p r e c i s i o n  o f  t h e  e s t i m a t o r ,  t h e  stsndard  error o f
t h e s e  t w o  v a r i a b l e s ’  e s t i m a t e d  c o e f f i c i e n t s  m a y  b e
biased in the glaucoma screening model.

cause of missing data for only two variables:
HLTHINSR (the presence of any health in-
surance beyond Medicare) and INCOME. 3

For each of the other variables (including the
dependent variables), the mean for the obser-
vations with missing data did not differ
statistically from the mean for observations
included in our analyses. This analysis sug-
gests that the exclusion of observations with
missing data is unlikely to introduce bias into
the multivariate models, but OTA cannot rule
out the possibility.

In order to examine the effect of each
significant variable in the estimated models,
OTA simulated, one independent variable at a
time, how the probability of using each
screening service varied with each possible
value of the independent variables. In these
simulations, all independent variables, except
the one whose effect was being simulated, as-
sumed their mean values.

Table 12 and figures 1 through 4 present
the results of this analysis for each significant
variable in our models. Among the indepen-
dent variables, holding other factors constant,
age, education, and health insurance appear
to have the greatest overall effect on the
probability of receiving each of these ser-
vices. This analysis also supports the notion
that blood pressure measurement is different
from other services. Since almost everyone
receives it, there is less variation to explain.
Hence, the variables in the model appear less
important in predicting its use than they do
for the other services.

3 The group of observations excluded from the
analysis had a louer  mean income ($14,475 versus
$15,276 in the two gender data set; pcO.01) and was
less likely to have any insurance coverage beyond
Medicare (0.70 versus 0.79 in the two  gender data
set;  P<o.  os) than was the i n c l u d e d  g r o u p .  T h e  i n -

c o m e  s t a t i s t i c  m a y  n o t  a c c u r a t e l y  r e f l e c t  t h e
e n t i r e  g r o u p  o f  o b s e r v a t i o n s  w i t h  m i s s i n g  d a t a
s i n c e  t h r e e - q u a r t e r s  o f  t h e  o b s e r v a t i o n s  m i s s i n g
any data at al 1 did not have income data.
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Table 12-- - Effect of Statistically Significant Binary Variables a in Logistic Regressions on
Elderly Use of Five Screening Services: Predicted Probabilitiesb

MALE
= 0
= 1

. . . . . . . . . . .

NONWHITE
= 0
❑ 1

. . . . . . . . . . .

SMSA
= o
= 1

. . . . . . . . . . .

HLTHINSR
= 0
= 1

. . . . . . . . . . .

ALONE
= o
= 1

....-- . . . . .

LIMITED
= 0
= 1

GLAUCOMA
Predicted
probability

0.70
0.63

. . . . . . ------

0 .68
0.59

----- ------ .

0 .64
0 .77

. . . . . . . . . . . .

0.59
0.69

----- . . . . . . .

. .

. .
. . . . . . . . . . . .

. .

. .

BLOOOP
Predicted
probability

EYE
Predicted
probability

0.96
0.94

. . . . . . . . . . . . . .

. .

. .
....-- --..... -

. .

. .
. . . . . . . . . . . . . .

0.92
0.96

. . . . . . . . . . . ---

. .

. .
------ . . . . . . . .

0.95
0.96

0.77
0.72

. . . . . . . . . . . . . .

. .
--

. . . . . . . . . . . . . .

0.73
0.77

. . . . . . . . . . . . . .

0.69
0.77

. . . . . . . . . . . . . -

. .

. .
. . . . . . . . . . . . . .

0.76
0.74

BREAST
Predicted
probability

xx
xx

. . . . . . . . . . . . .

. .

. .
. . . . . . . . . . . . .

0.45
0.53

. . . . . . . . . . . . .

0.43
0.52

----- . . . . . . . .

0.48
0.53

. . . . . . . . . . . . .

. .

. .

PAP
Predicted
probability

xx
xx

. . . . . . . . . . . . .

. .

. . . . . . . . . . . . .

0.50
0.54

. . . . . . . . . . . . .

0.46
0.55

. . . . . . . . . . . . .

. .

. .
. . . . . . . . . . . . .

. .

. .

. . .

. . .

. . .

. . .

. . .

aEffect of significant non-binary variables shown in figures 1 through 4.
bPredicted probability is estimated as 1/[1 + e-x~l where ~is the vector of

e s t i m a t e d  c o e f f i c i e n t s  a n d  X  i s  t h e  v e c t o r  o f  i n d i v i d u a l  c h a r a c t e r i s t i c s . Of these
character ist ics (a[l independent  var iables inc luded in  the est imated model), e a c h
takes on i ts  mean value except  the one designated in  that  row of  the table  above;
it takes on the va(ue shown in the row header .

Symbo l Key:
XX=Independent variable not included in model
--=Estimated coefficient on independent variable not significant at 0.05 level, two-tailed test

Variable Key:
Dependent Variables:
GLAUCOMA --l=screened for glaucoma within previous 2 years, 11 months; O=otherwise
EYE --l=received eye examination within previous 2 years, 11 months; O=otherwise
BLOOOP --l=had blood pressure measured within previous 1 year, 11 months; O=otherwise
BREAST --l=had clinical breast examination within previous 1 year, 11 months; O=otherwise
PAP --l=had Pap smear within previous 3 years, 11 months; O=otherwise

Independent Variables:
MALE - - l=male;  O=female
NONWHITE --l=nonwhite; O=white
SMSA --l=resides in a Census Bureau Standard Metropolitan Statistical Area (urban area); O=otherwise
PREPAID --l=enrolled in HMO or some other prepaid health plan; O=otherwise
HLTHINSR --l=has some health insurance coverage or health benefits beyond Medicare including prepaid,

Veterans! ,  mi l i tary ,  or  means tested publ ic  assistance heal th  benef i t ;  O=otherwise
ALONE --l=lives alone O=otherwise
LIMITED --l=limited in some activity; O=otherwise

SOURCE: Office of Technology Assessment, 1989.
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APPENDIX F: ANALYSIS OF PREVENTIVE SERVICE USE
BY OLDER ADULTS IN A HEALTH

MAINTENANCE ORGANIZATION

Methods

The Data

OTA contracted with a health main-
tenance organization (HMO) to provide data
on the use of eight preventive services by
their

■

■

■

■

■

■

■

■

over-65 year old enrollees:

Check-up visit,
Cholesterol measurement,
Eye examination,
Fecal occult blood test,
Pap smear,
Influenza immunization,
Pneumococcal immunization, and
Tetanus immunization.

OTA chose these services in consultation with
the HMO to meet the following criteria:

they are services often included among
discussions or recommendations for
elderly preventive health; and
the HMO’s data system routinely records
their use as distinct services.

To examine how use varies with age, the
HMO also provided comparable data for en-
rollees between the ages of 40 and 64. The
HMO measured the proportions of enrollees
using each service within the periods of time
presented in table 8.

The HMO is a large, urban, staff model
health maintenance organization located in
the Northeastern United States. It serves en-
rollees through private employers, govern-
ment agencies, and individual accounts.
Since January 1976, the HMO has served
Medicare beneficiaries, initially under a plan
w h e r e  t h e  H M O  b i l l e d  M e d i c a r e  f o r
Medicare-covered procedures on a fee-for-
service basis. The HMO provided non-
covered procedures, including the preventive
services examined in this study, through a
“wraparound” or “Medi-gap” policy purchased
by or for the enrollee.

Beginning in July 1985, the HMO enter-
ed into a Medicare demonstration risk con-
tract with over 80 percent of its 2500 existing
Medicare enrollees transferring into this plan
within the first three months. All of the ser-
vices covered under the HMO’s basic benefit
package, including preventive services, were
included in the risk contract plan.

The HMO has traditionally encouraged
the use of preventive services by at-risk pop-
ulations through clinical guidelines for pre-
ventive care and coverage of regular check-
ups. Before October 1987, the monitoring of
compliance with these guidelines was limited
to pediatric screening and immunization,
prenatal screening, and influenza immuniza-
tion. Since that date, the HMO has adopted a
program to monitor and inform clinicians at
each visit of a patient’s compliance with the
HMO’s preventive guidelines. Since OTA
believed that this program is not typical of
most HMOs, this HMO used October 1987 as
the endpoint for measuring rates of use for
each preventive services studied. Hence,
during the periods of time examined, only
influenza immunizations reflect any monitor-
ing by the HMO, and for that  service,
clinicians only received information on ag-
gregate rates of compliance among all enrol-
lees.

Methods of Analysis

The base population for this study is all
present and former HMO enrollees who were
age 40 or older as of October 1, 1987. The
HMO identified the base population through
a computerized search of enrollment records
and separated the population into four sub-
groups on the basis of age:

■ 40 to 49 years old,
• 50 to 64 years old,
■ 65 to 74 years old, and
■ 75 years and older.
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Because the HMO calculated age at the end
of the observation period, some of the enroll-
ees in each group fell below the low age
threshold at the time they actually used a
specific service.

Through computer searches of this base
population, the HMO defined a “denominator
population” for each age group and observa-
tion period over which the use of a specific
preventive service was to be measured. Each
“denominator poplation” consisted of all per-
sons of appropriate age continuously enrolled
in the HMO during the observation period.
Since two of the HMO’s ten clinics did not
have computerized records at the level of
specific clinical services, enrollees from these
sites were excluded from the analysis. Enroll-
ees excluded from the denominator files be-
cause they came from one of  the non-
computerized sites or because they were not
continuous members represented 20 percent
of the base population in each age group.

The “denominator” file for the over-65
age groups consists of all continuously en-
rolled individuals from the eight sites. The
denominator population for the 40 to 64 age
groups were so large that the HMO used a
random sample of these groups for the analy-
sis. They chose a 10-percent random sample
for all but the 10-year observation period,
where they chose a 20-percent  random
sample. Table 13 presents the number of ob-
servations in each “denominator” file used to
calculate the rates of use.

In order to measure the use of each ser-
vice for each age group, the HMO searched
the base population to form “numerator” files

consisting of persons who met both of the
following criteria:

■ the individual was enrolled in one of the
eight sites at the time the analysis was
conducted (June through September
1988); and

■ the individual received the specific pre-
ventive service within the observation
period.

To calculate rates of use, each “numer-
ator” file was compared to its corresponding
“denominator” file. Individuals in the numer-
ator file who did not appear in the denomi-
nator file were discarded. Stratifying by
gender, the HMO tallied the number of indi-
viduals remaining in each “numerator” file
and divided that number by the number in
the corresponding “denominator” file to calcu-
late a rate of use for each service and age-
gender group. Table 14 presents the results
of this analysis.

It is possible that a few continuously en-
rolled members transferred from one of the
two excluded sites to one of the eight in-
cluded sites before October 1, 1987. While
such individuals would be included in the
“denominator” files, they would not appear in
the “numerator” file if they received a pre-
ventive service at the excluded site. This
would deflate the use rate. However, because
the two excluded sites serve geographically
distinct communities with most members
living in close proximity to the clinic, trans-
fer to another site is relatively rare. There-
fore, OTA and the HMO concluded that the
potential undercounting in the use rates is
minimal.



Table 13--- Sample Sizes for Each Measurement Period in OTA’S Analysis of
Preventive Service Use in One HMO

3 yr. and 2 yr. **
10 yr. period 5 yr. period** ( 10/84-10/87) 1 yr. period**

Age ( 10/77-10/88) ( 10/82-10/87) and (10/85-10/87) (10/86-10/87)
I I 1 1

Male Female Total Male Female Total Male Female Total Male Female Total

40-4P 250 260 510 455 507 962 725 797 1522 995 1068 2063
50-64’ 246 227 473 282 331 613 466 518 984 654 784 1438
65-74** 329 307 636 849 ,956 1805 1265 1440 2705 1902 2219 4128

75+** 113 145 258 204 313 517 271 395 666 514 752 1266
\ I I I I

● The n for 40-49 and 50-64 age groupa represent a 20 percent sqle of menbers continuously enrolled during each period at the eight sites
studied. The 65-74 and 75+ age groups represent all mwbers.

● *The n for 40-49 ad SO-64 age groups  represent a Fpercent sanp~e of menbers continuously enrolled durirw each period at the eight sites
studied. The 65-74 and 75+ age groups represent all merbers.—

Table 14--- Percents of Conti nuously Enrolled Members Receiving Eight Preventive Services
During Specified Periods of Time

Pneunococcal
Check-up visit Cholesterol Eye exam Fecal occult blood Pap smear Influenza vaccine vaccine Tetanus vaccine

Age (1 year period) (5 year period) (2 year period) (1 year period) (3 year period) (1 year period) (lifetime) (10 year period)

Male Female Total Male Female Total Male Female Total Male Female Total Male Female Total Male Female Total Male Female Total Male Female Total

40-49 yrs. 24% 39% 32X 68% 67% 67% 39% 50% 44% 21% 32% 27% N/A 80% N/A 4% 5% 4% 1% 1% 20% 17 18%
50-64 yrs. 38 49 44 80 77 78 51 55 53 36 46 41 N/A 73 N/A 14 12 13 7  5  6 13 13 13
Subtotal

40-64 29 43 37 73 71 72 44 52 48 27 38 33 N/A 77 N/A 8 8 8 3 2 3 17 15 16

65-74 yrs. 48 52 50 77 76 76 70 74 72 49 53 51 N/A 75 N/A 55 55 55 29 27 28 47 40 44
75+ yrs. 52 47 49 69 64 66 80 79 79 51 46 48 N/A 60 N/A 67 63 64 47 42 44 40 35 37
Subtotal

65+ 49 51 50 75 73 74 72 75 73 49 52 50 N/A 71 N/A 58 57 57 33 30 31 45 38 42
,

Abbreviation: N/A = Not applicable.

SOURCE: Office of Technology Assessment, 1989.
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ACRONYMS

AAO
ACOG
ACP
ACR
ACS
ADA
A HA
AMA
AMWA
ANA
AOA
ASPB
CDC
CPS
CTF
EKG
HCFA
HMO
IPA
MMWR
NCHS
NCHSR
NCI
NHIS
NHLBI
NIH
OTA
SMSA
USPSTF

--American
--American
--American
--American
--American
--American
--American
--American
--American
--American
--American
--American

Academy of Ophthalmology
College of Obstetrics and Gynecology
College of Physicians
College of Radiologists
Cancer Society
Diabetes Association
Heart Association
Medical Association
Medical Women’s Association
Nurses Association
Optometric Association
Society to Prevent Blindness

--Centers for Disease Control
--Current Population Survey
--Canadian Task Force on the Periodic Health Examination
--Electrocardiogram
--Health Care Financing Administration
--Health maintenance organization
--Independent practice association
--Morbidity and Mortality Weekly Report
--National Center for Health Statistics
--National Center for Health Services Research and Health Technology Assessment
--National Cancer Institute
--National Health Interview Survey
--National Heart, Lung, and Blood Institute
--National Institutes of Health
--Office of Technology Assessment
--Standard Metropolitan Statistical Area
--United States Preventive Services Task Force
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