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SUMMARY

Numerous studies have documented a relationship between air pollution, weather, and illness.
Specific causes proposed to account for the effects have not stood up to critical examination, and
the nature of the relationships has remained obscure. Indeed, contradictions and paradoxes are
commeon within the general association between the environment and illness. The findings reported
here support the belief that the environment—like some other modern health problems—must be
examined differently than has been customary in the search for health effects, employing changed
ideas of causality. The concept of the multiplex variable and some aspects of the philosophy of

causality are discussed.

Introduction

Previous reports have documented a rela-
tionship between air pollution, weather, and
the occurrence of acute respiratory symp-
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toms in a panel of New York City residents
(1-8). In general, the findings have sug-
gested complex rather than simple associa-
tions and, not surprisingly, have failed to
pinpoint single factors in the environment
that might be held primarily responsible for
illness. Indeed, the results have indicated
considerable variation in the relationships
from symptom to symptom, season to seasom,
and year to year. Such contradictions and
paradoxes within the general association be-
tween the environment and illness have also
marked other investigations in which the
subject has been examined in sufficient de-
tail (4, b). Notable in this regard is the lit-
erature on the relationship between air pol-
lution and mortality (6-10).

The purpose of this paper is to re-exam-
ine some of these paradoxes within the
framework provided by the concept of the
environment as a multiplex variable, a vari-
able seen as a cause that, although it may
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consist of conceptually discrete parts, acts
as a whole in terms of its effects. When the
findings were reviewed in that light, a more
realistic picture of the interaction between
the ambient environment and health em-
erged. Further, a clearer direction for fu-
ture work emerged.

Materials and Methods

The Cornell Family Illness Study, which pro-
vided the data for the analyses recorded here,
has been fully detailed previously (11, 12). A
daily record of the prevalence of a number of
common symptoms was maintained for 3 years
for a panel of New York City residents living
within a restricted geographic area. The 1,747
persons participating were followed by weekly
interviews for an average of 48 weeks each. Air
pollution data were obtained from a special
monitoring station installed within the study
area. Meteorologic information was obtained
from that station and from the offical U. S,
Weather Bureau station located 4.5 miles away.

Using days as units, incidence and prevalence
per 1,000 persons were calculated for the acute
symptoms of headache, eye irritation, “com-
mon cold,” sore throat, and cough.

Daily averages and changes from the preced-
ing day were calculated for the following air
pollutants: particulate matter, carbon monox-
ide (CO), sulfur dioxide (SO,), and hydro-
carbons, as measured in the study area, In addi-
tion, daily measurements of 11 air pollutants
were obtained from the New York City moni-
toring station approximately 110 blocks from
the study area. Daily averages and changes from
the preceding day were calculated for 6 of the
meteorologic variables. In addition, 7 functions
of barometric pressure were derived. The list of
variables is given in table 1. -

The analyses used stepwise multiple regres-
sions from programs available for the IBM 1130
computer. Stepwise multiple regressions, where
daily incidence and prevalence of specific acute
symptoms are the dependent variables, provide
a descriptive model of the relationships between
these symptoms and the environmental factors
that co-existed in time, The stepwise procedure
has the property of entering the pollutant and
meteorologic variables one at a time in order of
their ability to "explain” the variation in the
dependent variable as measured by the multiple
correlation coefficient, Assuming that observa-
tions from day to day are essentially indepen-

dent and that the distributions of the relevant
variables are at least continuous (except for
missing information), the resulting models
might also furnish a predictive tool to deter-
mine symptom rtesponse when environmental -
conditions are known. A more complete discus-
sion of the use of this method for the data of
this study was given by Thompson and associ-
ates (3).

Results

The results of the regression analysis are
shown in table 2; all regressions shown were
significant. In table 2 the level of each of
the environmental factors (independent var-
iables) required to “explain” the average
rate of the symptoms is also shown. Only 13
of 27 independent variables proved useful
as explanatory factors. These were in ap-
proximate order of importance: daily aver-
ages of temperature, particulate matter,
wind velocity, radiation, CO, hydrocarbons,
and SO,; daily range and maximum of baro-
metric pressure; daily average sky cover, and
changes in averages from the preceding day
of wind velocity and radiation. Most mea-
sures of change from the preceding day did
not significantly contribute to the results.
The multiple correlations between each
symptom and the set of significant environ-
mental factors ranged from 0.27 to 0.60.

Two features of the regressions were
most notable, First, each symptom corre-
lated with an environment whose features
differed from the environments in which the
other symptoms occurred. Second was the
fact that no one environmental variable
stood out in its ability to “explain” the pres
ence of a symptom. Both important findings
were underlined by the considerable differ-
ences in the regression drawn when
the symptom “common cold” was examined
separately by its prevalence, incidence, and
incidence after three days.

Discussion

Viewed as an attempt to determine what in
the ambient environment of air pollution
and weather was causally related to symp-
toms in a normal urban population, the re-
sults were disappointing and conflicting.
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TABLE 1
MEANS AND STANDARD DEVIATIONS OF ENVIRONMENTAL

VARIABLES AND ACUTE SYMPTOMS, CORNELL FAMILY
JILLNESS STUDY, NEW YORK CITY, 1962-1965

Description Mean sSD
Days with no inversion, % 0.49 0.50
Days with inversion, % 0.46 0.60
Days with isotherm, % 0.05 0.22
Headache prevalence, % 2.83 1.64
Headache incidence, % 1.02 0.63
Evye irritation prevalence, % 1.79 0.98
Evya irritation incidence, % 0.30 0.24
Cold prevalence, % 7.861 3.61
Cold incidence, % 0.88 0.72
Sore throat prevalence, % 1.91 1.23
Sore throat incidence, % 0.43 0.45
Cough pravalence, % 5.00 2.39
Ceugh incidence, % 0.60 0.54
Particulate matter (COH) average 1.73 0.87
Particulate matter (COH) change* 0.00 0.76
CO average, ppm 3.72 2,49
CO change, ppm =0.04 2.31
Hydrocarbons average, ppm 4.54 1.94
Hydrocarbons change, ppm 0.00 1.25
SO2 average, ppm 0.16 0.10
SO3z change, ppm 0.00 0.09
SOz, ppm't 0.20 0.16
Ammonia, ppmT 0.03 0.02
Aldehyde, ppm T 0.05 0.03
Oxidant (A, M.}, ppm 1 10.83 13.90
Oxidant (P. M.}, ppmT 10.13 14.15
CO (A. M.}, ppm 2.95 1.72
Nitrogen dioxide, ppm 10.74 7.99
Sodium chloride, ppmT 5.52 5.79
Dust count™ 2.71 1.58
Particle matter (COH)T 248,74 158.86
Organic acidt 6.04 5.80
Nitrogen monoxide, ppm? 6.27 6.34
Wind velocity average, mph 9.34 3.69
Wind velocity change, mph -0.03 4.05
Precipitation average, {inches) 0.03 0.10
Precipitation change, (inchas) 0.00 0.14
Radiation average 0.30 0.15
Radiatlon change 0.00 0.15
Temperature average, °F 51,29 16.76
Temperature change, °F . ~0.02 6.11
Relative humidity average, (%) 60.08 15,63
Relative humidity change, (%) -0.02 15.88
Sky cover average 4,50 3.18
Sky cover change 0.00 3.69
Barometric pressure (maximum R), mm Hg 0.03 0.02
Barometric pressure (maximum F), mm Hg 0.03 0.02
Barometric pressure (maximum), mm Hg 30.14 0.21
Barometric pressure (minimum), mm Hg 29,91 0.25
Baromaetric pressure (range), mm Hg 0.22 0.15
Barometric pressure change, mm Hg 0.00 0.21
Barometric pressure average, mm Hg 30.03 0.23

**Change” Is change of average from preceding day; average is dally average.
tMeasured at the New York City Statlon. The other measurements were within
the Cornell Family lliness Study Area {lower east side of Manhattan).
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Such disappointments are not new in the
epidemiology of air pollution, where virtu-
ally no common pollutant in urban air has
withstood close examination as a sole cause
of human illness (13). Seen in another
light, however, these same findings add fur-
ther strength to the belief that the ambient
environment must be examined in a man-
ner different from what has been customary
in the search for health effects in the past.
Further, these otherwise conflicting findings

make sense when seen within a changed
framework of causality.

Expecting the ambient atmosphere to be-
have with respect to its health effects as a
collection of independently acting compo-
nents is an overly reductionist view of caus-
ality. Rather, the ambient atmosphere is a
member of a class of variables that might be
termed multiplex variables, which have the
following characteristics, (I) The effect of
the whole is greater than the effect of the sum
of the known parts. (2) The relationships
of the parts to each other are not
fixed. (3) The manner in which the rela-
tionships of the parts vary is not fixed. ()
Time is one of the parts of a multiplex vari-
able (14).

For these variables (poverty and aging
are other examples), analysis of their effects
by isolation of the effects of their compo-
nents will not lead to understanding the in-
fluence of the whole variable, simply because
it is not the part that produces the effect, but
rather the whole.

It is interesting to re-examine the results
of the regression analysis in the light of the
concept of the multiplex variable. No at-
tempt is made to choose from the regres-
sions that independent variable or those
variables that, because of the strength of the
statistical association, seem to be acting in
the production of the symptom; rather, the
equations are viewed in reverse. During the
analysis, the dependent variable is seen as
drawing a picture of the environment in
which it occurs. At first glance, the reasoning
may appear to be circular, but it is not. The
multiplex variable has been shown to be asso-
ciated with thé symptom, and the symptom,
as dependent variable, describes in the analy-
sis that configuration of the multiplex vari-
able within which it occurs.

Looking again at the symptom ‘“‘common
cold” in the stepwise multiple regression,
the three indices, “cold prevalence” de-
scribed a setting in which air pollution and
weather figured heavily: cold, cloudy, windy
but stable, with considerable air pollution.
“Cold incidence” described a similar envi-
ronment in that both pollution and weather
were present, which although less heavily
weighted, seemed less changeable in charac-
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ter (absence of participation of change in
radiation). “Cold incidence into which a
three day lag has been introduced” de-
scribed an environment in which weather
appeared, but pollution seemed to play no
part.

These situations were neither inconsistent
nor paradoxic; they only seemed so if one
wished to find an effect of, eg., particulate
matter or temperature or even their inter-
action. What was portrayed, then, was not
the static interaction of factors to produce
effects nor even a fixed but complex “set”
in which effects occurred, but rather a dy-
namic unfolding through time in which new
things could enter or leave (15, 16).

It is interesting, in this light, to review
the analysis by Thompson and associates
(3) of the same data. They divided the
study period into its 9 seasons and then used
stepwise multiple regression analysis in a
manner similar to that used here. The envi-
ronment was related to common cold inci-
dence and prevalence in almost every sea-
son, but the strength of the relationship
varied from season to season, as did the
number of weights of the environmental
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variables that entered the regression. Again,
the findings seem at first inconsistent, but
the results, rather than being inconsistent,
consistently showed an association of the
symptoms with the new environment, and
the association occurs in numerous environ-
mental configurations. The results only seem
inconsistent if the environmental parts are
viewed as being relatively independent and
fixed in effect.

As shown in table 3, Thompson and co-
workers (3) portrayed pairwise correlations of
air pollution and weather factors for 4 of the
9 seasons. The differences between the corre-
lations among environmental factors from sea-
son to season and in the same season from
year to year are clearly shown. Nevertheless,
simplified conceptions of the environment
and its components and how they act and
interact seem to underlie most analytic
techniques.

One cause—one effect thinking in epi-
demiology is so enduring that such premises
seem to underlie more sophisticated assump-
tions even when they are inappropriate. Be-
cause of this, when dealing with complex
situations, there appears to be an almost un-

TABLE 3

PAIRWISE CORRELATIONS OF STANDARD SCORES OF ENVIRONMENTAL
FACTORS FOR FOUR SEASONS

Spring 1964 Spring 1963
Winter 1963-64 Summer 1964
Wind Soler Relative
co 502 Velocity Radiation Temperature Humidity
Particulate 0.56 0.49 0.70 0.70 -0.42 -0.34 -0.33 -0.28 -0.24 0.1 0.20 0.03
matter 0.56 0.24 086 0.17 -0.59% -0.17 -0.27 0.04 0.27 0.36 0.28 0.07
co 0.51 030 -0.117 -0.22 -0.32 0.03 -0.26 0.186 0,19 -0.04
0.51 0.14 -0.32 -0.27 =-0.78 -0.10 =-0.18 0.21 0.14 0.13
S02 =-0.31 -0.37 -0.25 -0.07 0.08 0.16 0.08 -0.05
-0.64 -0.05 -=0.11 -0.04 0.20 0.50 0.12 0.20
Wind 0.27 0.15 =-0.06 -0.39 -0.41 -0.33
velocity 0.14 -0.02 -0.11 0.00 -0.16 0.06
Solar 0.17 0,02 -0.74 -0.59
radiation -0.13 0.31 -0.73 -0.69
Temperature =0.10 0.28
0.17 -0.13
Relative

humidity
Barometric 0.00 0.00 0.09 038 -0.31 -0.43 0.14 0.20 -0.41 -0.02 -0.07 -0.05
pressure -0.03 0.04 0.22 0.13 -0.46 —-0.26 0.21 0.17 -0.25 -0.18 =-0.39 -0.13
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spoken belief that one is really dealing with
a confusion of static one cause—one effect
cases that can somehow be untangled like a
knot.

The analyses and data herein represent
inconsistencies in the effects of the environ-
ment on health if they are viewed in the tra-
ditional manner of trying to find those fac-
tors in the environment that are entirely or
partly responsible for the particular effects
observed. The inconsistencies fade when the
dependent variable is seen as an explora-
tory probe pointing out the configuration of
the multiplex variable with which it is asso-
ciated. The findings suggest that the analytic
solutions to the problems posed by multi-
plex variables are different from those
posed by unifactorial or even multifactorial
situations, and that the effect of the environ-
ment on health should be measured primar-
ily in terms of its health effects, not its en-
vironmental constituents.

Nonetheless, the results do not explicate
the nature of the relationships within the
environment nor how the effects are pro-
duced. The problem is similar to an attempt
to visualize a three-dimensional topography
given only one cut through the model. What
is required are multiple cuts, configurations
of environment drawn by the health effects,
to add the third dimension. A single analysis
can be compared to a snapshot in a situa-
tion in which motion pictures are required.
There is no reason why complex events that
are related in both time and space cannot
be analyzed (10).

The history of epidemiology is a history
of success in circumstances in which one or
a few factors operate in a comparatively
simple manner. Today the task is to develop
techniques appropriate to more complex sit-
uations. To do so will require not only refine-
ments in measurement and analysis, but
considerable change in conceptual frame-
work.

RESUMEN

Relacién entre la polucién del aire, el clima y
los sintomas en una populacién urbana: clari-
ficacién de hallazgos en conflicto

Estudios numerosos han documentado una re-

lacién entre la polucién del aire, ¢l dima y la
enfermedad. Las causas cspecificas propuestas
como causantes de los cfectos no han soportado
el examen critico, y la naturaleza de las rclaciones
permanece obscura. En realidad, contradicciones
y paradojas son comunes dentro de la asociacién
general entrc el ambiente y la enfermedad. Los
hallazgos reportados aqui soportan la creencia de
que ¢l ambiente, tal como otros problemas de
salud modernos debe ser examinado diferente-
mente de lo que ha side la costumbre en la bus-
queda de efecto de salud, usando ideas cambiadas
de casualidad. Se discute el concepto del variable
multiplex y algunos aspectos de la filosofia de a
casualidad.

RESUME

Relation entre la pollution de I'air, le climat,
ct les symptémes constatés dans une popula-
tion urbaine: clarification d’observations con-
tradictoires

De nombreuses études ont fourni des éléments
en ce qui concerns une relation éventuelle entre
la pollution de l'zir, le climat et la morbidité.
Les causes spécifiques qui ont été proposées pour
rendre compte des effets de la pollution de I'air et
du climat n'ont pas résisté 4 un examen critique,
et la nature de cette relation est demcurée ob-
scure. A vrai dire, les contradictions et les para-
doxes abondent en ce qui concerne une associa-
tion générale entre le milieu et la morbidité. Les
observations rapportées ici renforcent la croy-
ance qui veut que le milieu, de méme que d’autres
problémes modernes relatifs 4 1a santé, doivent
étre examinés différemment qu'il n’a été coutume,
lorsqu'il s'agit de rechercher les effets sur la santé,
et ceci en ayant recours a4 des idées modifiées en
ce qui concerne le causalité. Le concept de vari-
able multiplex, et certains aspects de la philoso-
phie de la causalité, sont discutés dans cet article.
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