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Causal Inference, Path Analysis,
and Recursive Structural
Equations Models

Paul W. Holland*

Rubin’s model for causal inference in experiments and observational studies is
enlarged to analyze the problem of ““causes causing causes” and is compared
to path analysis and recursive structural_equations models. A special quasi-
experimental design, the encouragement design, is used to give concreteness to
the discussion by fominmoblem that involves both direct
and indirect causation. It is shown that Rubin’s model extends easily to this
situation and specifies conditions under which the parameters of path analysis
and recursive structural equations models have causal interpretations.

1. INTRODUCTION

The perspective on causal inference developed extensively by
Rubin (1974, 1977, 1978, 1980, 1986) provides a solid basis for con-
sidering issues of causal inference in complex cases, and it is the only
one that is grounded where causal inferences are relatively uncon-
troversial—in experimental science. In Holland (19864, b), I described
this perspective and dubbed it Rubin’s model, as I will refer to it here,
too, even though a more general term, such as the experimental model,

I thank David Freedman, Clark Glymour, Edward Leamer, Margaret
Marini, James Robins, David Rogosa, Donald Rubin, Burton Singer, and Howard
Wainer for their many helpful comments on an earlier draft of this paper.

*Educational Testing Service.
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Feasibility and Efficacy of Sodium Reduction in
the Trials of Hypertension Prevention, Phase I

Shiriki K. Kumanyika, Patricia R. Hebert, Jeffrey A. Cutler, Vera 1. Lasser, Carolyn P. Sugars,
Lyn Steffen-Batey, Amy A. Brewer, Mary Cameron, Lana D. Shepek,
Nancy R. Cook, Stephen T. Miller
for the Trials of Hypertension Prevention Collaborative Research Group

Phase I of the Trials of Hypertension Prevention was a multicenter, randomized trial of the feasibility and
efficacy of seven nonpharmacologic interventions, including sodium reduction, in | ressure
in 30- to 54-year-old individuals with a diastolic blood pressure of 80 to 89 mm Hg. Six centers tested an
intervention designed to reduce dietary sodium to 80 mmol (1800 mg)/24 h with a total of 327 active
intervention and 417 control subjects. The intervention consisted of eight group and two one-to-one
meetings during the first 3 months, followed by less-intensive counseling and support for the duration of
the study. The mean net decrease in sodium excretion was 43.9 mmol/24 h at 18 months. Women had lower
sodium intake at baseline and were therefore more likely to decrease to less than 80 mmol/24 h. Black
subjects were less likely to decrease to less than 80 mmol/d, independent of sex or baseline sodium
excretion. The mean (95% confidence interval) net decrease associated with treatment was —2.1 (—3.3,
—0.8) mm Hg for systolic blood pressure and —1.2 (—2.0, —0.3) mm Hg for diastolic blood pressure at 18
months (both P<.01). Multivariate analyses indicated a larger systolic blood pressure effect in women
(—4.44 versus —1.23 mm Hg in men), adjusted for age, race, baseline blood pressure, and baseline
24-hour urinary sodium excretion (P=.02). Dose-response analyses indicated an adjusted decrease of
—1.4 mm Hg for systolic blood pressure and —0.9 mm Hg for diastolic blood pressure for a decrease of 100
mmol/24 h in 18-month sodium excretion. These results support the utility of sodium reduction as a
population strategy for hypertension prevention and raise questions about possible differences in dose
response associated with gender and initial level of sodium intake. (Hypertension. 1993;22:502-512.)

KEY WORDS e hypertension, sodium-dependent e blood pressure o sodium, dietary e primary

prevention e blacks ¢ women

rimary prevention of hypertension, ie, preventing
people at risk of hypertension from developing

it, could potentially lower death rates from
cardiovascular disease, reduce the need for antihyper-
tensive medications, and reduce hypertension-related
medical costs and job absenteeism.!* However, the

Received December 28, 1992; accepted in revised form June 4,
1993.

From the Department of Epidemiology, The Johns Hopkins
University School of Hygiene and Public Health, Baltimore, Md
(S.KK,, L.S.-B.); Channing Laboratory, Department of Medicine,
Brigham and Women’s Hospital and Harvard Medical School,
Boston, Mass (P.R.H., N.R.C.); Prevention and Demonstration
Research Branch, Division of Epidemiology and Clinical Applica-
tions, National Heart, Lung, and Blood Institute, Bethesda, Md
(J.A.C)); Preventive Cardiology Program, Department of Medi-
cine, New Jersey Medical School, Newark (V.I.L.); Department of
Internal Medicine, University of California, Davis (C.P.S.); De-
partment of Preventive Medicine, University of Tennessee, Mem-
phis (A.A.B., S.T.M.); University of Mississippi, Jackson, (M.C.);
and St Louis University School of Medicine (Mo) (L.D.S.).

A preliminary version of these results was presented at the 64th
Scientific Sessions of the American Heart Association, Anaheim,
Calif, November 1991, and the International Heart Health Con-
ference, Vancouver, British Columbia, Canada, May 1992.

Correspondence to Shiriki Kumanyika, Center for Biostatistics
and Epidemiology, College of Medicine, Pennsylvania State Uni-
versity, PO Box 850, Hershey, PA 17033.

feasibility and efficacy of sodium reduction in lowering
blood pressure among people with normal blood pres-
sure in the general population have not been clearly
established. Several lines of evidence suggest that so-
dium reduction is a logical candidate for incorporation
into a primary prevention strategy. The well-established
blood pressure-lowering effect of sodium reduction as a
component of hypertension treatment is not confined to
blood pressures above the physiologically arbitrary cut-
offs used to define high blood pressure. Small, con-
trolled trials have demonstrated the efficacy of moder-
ate sodium reduction in reducing blood pressure in
normotensive and hypertensive people.>¢ In addition,
data from the INTERSALT study have confirmed that,
over a wide range of sodium intake, populations with
low sodium consumption have lower blood pressures
than those with high sodium consumption.”8

Phase I of the Trials of Hypertension Prevention
(TOHP-I) was a multicenter, randomized trial designed
to test the short-term efficacy and safety of several
nonpharmacologic interventions, including sodium re-
duction, in reducing blood pressure in a large cohort of
men and women without hypertension in the context of
their usual patterns of living.® TOHP-I attempted to
provide an unambiguous answer regarding the potential
for lowering the average blood pressure levels in the

Downloaded from hyper.ahajournals.org at STANFORD UNIV MEDICAL CENTER on April 30, 2007
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The Sesame Street example is from Andrew Gelman at Columbia,

We consider data from an experiment in which a randomly selected group of children

was encouraged to watch the television program Sesame Street and the randomly selected
control group was not. The goal of the experiment was to estimate the effect on child
cognitive development of watching more Sesame Street. In the experiment, encouragement,
but not actual watching, was randomized.

We might consider implementing a randomized experiment where the participants are
preschool children, the treatment of interest is watching Sesame Street, the control
condition is not watching, and the outcome is the score on a test of letter recognition.
It is not possible here for the experimenter to force children to watch a TV show or to
refrain from watching (the experiment took place while Sesame Street was on the
air). Thus watching cannot be randomized. Instead, when this study was actually
performed, what was randomized was encouragement to watch the show--this is
called a randomized encouragement design
Code book with variable names for Sesame Street data
id : subject identification number
site : 1 =Three to five year old disadvantaged children from inner city areas in
various parts of the country.
Four year old advantaged suburban children.
Advantaged rural children.
Disadvantaged rural children.
Disadvantaged Spanish speaking children.
sex male=1, female=2
age age in months
viewcat frequency of viewing
1=rarely watched the show
2=once or twice a week
3=three to five times a week
4=watched the show on average more than 5 times a week
setting: setting in which Sesame Street was viewed, l1l=home 2=school
viewenc : treatment condition
1=child encouraged to watch, 2=child not encouraged to watch
encour: treatment condition
O=child not encouraged to watch, 1=child encouraged to watch
regular: frequency of viewing:
O=rarely watched the show, 1= watched once/week or greater
prebody : pretest on knowledge of body parts (scores range from 0-32)
prelet : pretest on letters (scores range from 0-58)
preform : pretest on forms (scores range from 0-20)
prenumb : pretest on numbers (scores range from 0-54)
prerelat : pretest on relational terms (scores range from 0-17)
preclasft : pretest on classification skills
postbody : posttest on knowledge of body parts (0-32)
postlet : posttest on letters (0-58)
postform posttest on forms (0-20)
postnumb posttest on numbers (0-54)
postrelat : posttest on relational terms (0-17)
postclasf: posttest on classification skills
peabody: mental age score obtained from administration of the Peabody Picture
Vocabulary test as a pretest measure of vocabulary maturity
{note: measures used in the analyses below are:
encour, regular, postlet, prelet, site, peabody
encour and viewenc are redundent recodings)

aAbhwWN

I have a data frame called "ses" ("cuz I can"t spell sesame consistently)
> dim(ses) #we have 240 children
[1] 240 28

The data frame is in wide form (each child is a row)
> names(ses) #approximately correspond to the codebook listing

[1] "rownames™ "id" "site" sex" "age" "viewcat" “"setting"
"viewenc" "prebody*” “prelet”

[11] "preform™ "prenumb” "prerelat” ‘'preclasf" "postbody" "postlet"” "postform”
"postnumb™ "‘postrelat" "postclasf"

[21] "‘peabody™ "‘agecat"’ "encour"’ " Isite_ 2" " _Isite 3" " _Isite_4" " _Isite_5"

“regular”
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Other Examples of Encouragement Experiments:

Outcome Treatment Instrumental Variable Reference
Earnings Participation in Random assignment of | Bloom et al. (1997)
federal job training admission to training
program program
Achievement test Enrollment in private | Randomly selected offer | Howell et al. (2000)
scores school of school voucher
Achievement test Class size Random assignment to a | Krueger (1999)
scores small or normal-size
class
Depression Level Meeting with Random encouragement | Small et al. (2007)
depression specialist | to meet with depression
specialist
Achievement test Hours of study Random mailing of test | Powers and Swinton
scores preparation materials (1984)

Causal Effect Being Estimated When Treatment Effect is Not Constant

Suppose that we have an [V that satisfies the exclusion restriction but treatment effects are not constar
Vo) =Tooy T ﬁiS
Consider the case of a binary treatment S . We can divide the subjects into four groups:

(D S (i = 09 S (0)i =0 (Never takers): subjects who would take not take treatment, regardles:

whether encouraged to do so
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http://www.jstor.org/page/info/about/policies/terms.jsp
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