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Predicting Exercise and Smoking Behaviors
in Diabetic and Hypertensive Patients

Age, Race, Sex, and Psychological Factors

John G. Spangler, MD, MPH, joseph C. Konen, MD, MSPH

Objective: To predict exercise and smoking behaviors
in primary care patients with chronic diseases {insulin-
dependent diabetes mellitus [IDDM], non-insulin-
dependent diabetes mellitus [NIDDM], and hyperten-
sion) using standardized measures of stress, affect, and
family function.

Design: Survey by a self-administered health risk appraisal
and the Family APGAR Scale (measuring family function),
the Brief Encounter Psychosocial Instrument (measuring
coping with psychological stress), and the Affect Balance
Scale (measuring positive and negative affect).

Seftings: Large family practice center, university medi-
cal center pediatrics clinic, and community health center.

Participants: Volunteers meeting World Health Orga-
nization criteria for IDDM (n=83) or NIDDM (n=322), and
volunteers with documented hypertension (n=140).

Main Ouicome Measures: Exercise levels at or above
2510 kJ/wk; smoking status; and number of cigarettes con-
sumed per day.

Results: Smoking status in all groups was lower than
that measured nationally. Stepwise logistic regression
showed a correlation between positive aifect and
higher exercise levels among patients with IDDM and
NIDDM, but lower levels among hypertensives. Psy-
chological stress correlated with current smoking
among patients with IDDM. In pooled models, whites
were much more likely than blacks to exercise at
higher levels and to be former or nonsmokers; how-
ever, among smokers, whites consumed more cigarettes
per day. Among smokers with IDDM, males were
much more likely to be moderate to heavy smokers.

Conclusions: Among patients with IDDM, NIDDM,
and hypertension, psychosocial stress, affect, age, race,
and sex differentially predict exercise and smoking be-
haviors. The lower-than-national prevalence of smok-
ing in these groups may indicate increased responsive-
ness to the stop-smoking message. Black diabetic and
hypertensive patients, in particular, may require in-
creased health promotion efforts.

(Arch Fam Med. 1993;2:149-155)

HE 1990 Healthy People 2000
initiative proposes as one of
its goals the national reduc-
tion of morbidity and mor-

riety of psychosocial variables influencing
compliance with specific preventive health
behaviors in the population at large®>* and
in certain high-risk groups.*'° In general,
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tality from chronic diseases,

including insulin-dependent diabetes mel-
litus (IDDM), non-insulin-dependent dia-
betes mellitus (NIDDM), and hypertension.'
For this goal to be achieved, behavioral changes
such as increased physical activity and smok-
ing cessation in these patients are impor-
tant.” However, supporting preventive health
behaviors in patients with diabetes and hy-
pertension can be a difficult task for the fam-
ily physician given the physical, psycholog-
ical, and social barriers to life-style change.**
Many studies have investigated a va-

these studies have linked such factors as
social support, psychological stress, and
mood disturbance to exercise, smoking ces-
sation, and seat belt use. One study on di-
abetic patients'' showed glycemic control
1o be related to specific measures of stress,

See Materials and Methods
on next page
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MATERIALS AND METHODS

PATIENT SELECTION

Five hundred forty-five patients older than age 16 years
with IDDM (n=83), NIDDM (n=322), or hypertension
(n=140) were recruited from a large family medicine am-
bulatory care unit, a university medical center pediatric
clinic, and a neighborhood community health center as
described elsewhere.'> With the research protocol having
been approved by the institutional review board, in-
formed consent was obtained from each participant. All
diabetic patients met World Health Organization crite-
ria'®> for IDDM or NIDDM. Hypertensive patients were
defined as having a systolic blood pressure at or above
160 mm Hg or a diastolic blood pressure at or above 90
mm Hg on two or more occasions. Patients were also de-
fined as hypertensive if they were currently being treated
for hypertension detected on at least two previous exam-
inations. Several patients with IDDM and NIDDM were
found to have hypertension by this definition but were
classified as diabetic. Thus, while some diabetic patients
had hypertension, no hypertensive patients had
diabetes.

MEASUREMENTS AND EXAMINATIONS

Patients were asked to complete a series of question-
naires, including a modification of the Healthier People
Health Risk Appraisal,'* which elicited (1) history of cur-
rent or previous cigarette smoking; and (2) duration,

type, and frequency of exercise. To link health practices
to psychological variables, the following standardized
psychometric instruments were also administered to pa-
tients: the Brief Encounter Psychosocial Instrument
(BEPSI), a five-item questionnaire with a 10-point Likert-
like scoring scale to measure coping with psychological
stress’®; the Affect Balance Scale (ABS), a 40-item ques-
tionnaire with a 5-point Likert-like scale to reflect posi-
tive and negative self-perceptions of affect'®; and the
Family APGAR Scale (Adaption, Partnership, Growth, Af-
fection, and Resolve), a five-item screening tool with a
3-point Likert-like scale to measure family dysfunction."’

PREVENTIVE HEALTH BEHAVIORS

Two personal health practices that affect cardiovascular
disease—exercise and smoking—were chosen as preven-
tive health outcome variables in this study. Definitions of
physical activity were developed by Caspersen et al,'®
and for each activity, an intensity code'® was used to cal-
culate approximate kilojoules expended per week by pa-
tients. A cut off level of 2510 kj/wk was selected as the
definition of exercise (approximately equivalent to walk-
ing 3.2 km three times per week). This is the minimum
quantity of exercise for maintaining cardiovascular fitness
as set forth by the American College of Sports Medi-
cine.?® Smoking status was divided into two groups: cur-
rent smokers and nonsmokers (the latter category con-
sisted of former smokers and those who had never
smoked). Among current smokers, light smoking was de-
fined as consumption of at least 12 cigarettes per day
and moderate to heavy smoking was set above this limit.

family function, affect, and locus of control, suggesting
that healthy behaviors such as exercise and glucose mon-
itoring may also be related to these psychosocial vari-
ables.

However, none of these studies has specifically ad-
dressed differences in exercise and smoking among high-
risk subgroups of the same population or linked these
behavioral differences to psychosocial measurements. While
IDDM, NIDDM, and hypertension share risks for com-
mon end-stage outcomes (eg, coronary artery and renal
diseases), the epidemiologic factors and causes of these
conditions differ. Due to these epidemiologic differences,
should one also expect different sets of psychosocial pro-
files and preventive health behaviors to discriminate among
patients with these disorders?

Knowledge of diabetic and hypertensive patients’
affect, perceived stress, and family function may be
useful for family physicians to determine who is likely
to exercise or stop smoking. This knowledge may also
aid in therapeutic attempts to encourage preventive be-
haviors, as in, for example, stress reduction therapy
with smoking cessation efforts. The goals of this study
were to (1) examine a variety of psychosocial factors
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among primary care diabetic and hypertensive patients;
(2) determine what factors are most strongly associated
with exercise and smoking behaviors; and (3) explore
behavioral differences that may exist among patients
with different chronic disorders.

—

PATIENT CHARACTERISTICS

Table 1 summarizes the demographic composition of
each disease category. Groups differed significantly by age
and race but not by sex. Compared with patients with
NIDDM and hypertension, patients with IDDM were pre-
dominantly white and, not surprisingly, younger, with a
mean=*SD age of 35%14 years. While the groups did not
differ significantly in regard to sex, there were more males
among patients with IDDM and more females among pa-
tients with NIDDM.

The percentages of patients practicing preventive
health behaviors are listed in Table 2. Exercise varied
significantly among disease groups, with a higher per-
centage of patients with IDDM (27.8%) reporting exer-
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DATA ANALYSIS

All data were entered into the Centers for Disease Con-
trol and Prevention’s statistical software package, Epilnfo.
Data from psychosocial instruments were keyed accord-
ing to the directions of their authors. ILL and WELL ABS
subscales were derived from responses to the anxiety/
guilt/hostility/depression subscales and the joy/
contentment/passion/vigor subscales. respectively. Using
these ABS scores, we created another variable: positive
affect. This was defined as present if patient’s scores were
below the 50th percentile for ABS (ILL) or above the
50th percentile for ABS (WELL). This indicates that pa-
tients with high positive altect scores had experienced
joy/contentment/passion/vigor more frequently in the
past month or anxiety/guilt/hostility/depression less fre-
quently in the past month. The BEPSI was likewise di-
chotomized into at or above 30, with the higher level in-
dicating poor coping with psychological stress. Scores
derived from the Family APGAR Scale were divided into
three categories, with 0 through 5 indicating severe fam-
ily dystunction; 6 and 7, mild family dysfunction; and 8
through 10, no dysfunction.

Statistical analyses were performed using Epilnfo and
Statistical Package for the Social Sciences—Personal Computer,
and were chosen to test two main hypotheses. First, “good”
psychological profiles (healthy coping with psychological stress,
functional fanily dynamics, and positive affect) would pre-
dict healthier preventive behaviors (increased exercise and
decreased smoking status). Second, the three diseasc groups
would have different sets of predictors. In particular, since
psychological variables have been found to be important in

predicting compliance with a diabetic regimen among patients
with NIDDM, ! stress, family function, and affect would be
most important among our patients with NIDDM.

Differences between means were calculated using Stu-
dent’s t test, one-way analysis of variance, or Kruskal-
Wallis’ H if variances were nonhomogeneous by Bartlett’s
x’. Categorical data were analyzed using x* or forward and
backward stepwise logistic regression using the Wald sta-
tistic to select variables for entry or elimination. In the lo-
gistic regression analysis, two models were developed. In
the first, exercise and smoking were entered as the dichot-
omized outcome variables with disease category, race, and
sex as categorical predictor variables and age as a contin-
uous predictor variable. In the second model, exercise and
smoking were again entered as the dichotomized outcome
variables with psychometric scores, race, and sex as cate-
gorical predictor variables and age as a continuous predic-
tor variable. (We report psychometric scores as categorical
variables for ease of interpretation of odds ratios. However,
all models were also separately run with psychometric scores
as continuous variables to allow full impact of their vari-
ability. This did not alter which variables remained in the
equations, and conclusions were unchanged.) Forward and
backward stepwise logistic regression agreed in all cases,
except among current vs former smoking status in patients
with IDDM. Due to small cell sizes, there was a spuriously
high odds ratio for BEPSI as a categorical variable. In ad-
dition, backward stepwise analysis could not be solved be-
cause of a high correlation in this model between BEPSI
and ABS (ILL) (Pearson’s correlation coefficient, .585; P<<.001).
Thus, forward stepwise analysis with continuous psycho-
metric scores is listed.

cise levels at or above 2510 kj/wk compared with pa-
tients with NIDDM and hypertension (15.9% and
16.4%, respectively; P=.040). Interestingly, the percent-
age of current smokers, former smokers, and moderate
to heavy smokers was relatively constant among the
three groups. When examining health behaviors demo-
graphically in the three groups (data not shown), mean
age did not differ significantly between exercisers and
nonexercisers, however, a significant age difference was
noted between current and former smokers in all
groups (P<.05), with older mean age for former
smokers.

Listed in Table 3 are psychometric scores by dis-
ease group. Except for ABS (WELL), scores differed
significantly, with patients with IDDM showing higher
perceived stress (mean BEPSI, 26.4%+12.2) and nega-
tive affect (mean ABS [ILL], 29.4*11.6), but lower
family function (mean APGAR, 7.1+3.0) than patients
with NIDDM or hypertension. While there was a ten-
dency toward higher positive affect scores among hy-
pertensive patients and a lower percentage of patients
with IDDM with positive affect, these differences were
not statistically significant.
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DISEASE TYPES AS PREDICTORS

Table 4 shows odds ratios derived from the logistic re-
gression models using disease type and demographic pre-
dictors of exercise and smoking. Disease type did not re-
main as a predictor in any of the models, while demographic
variables did. Whites were more likely to exercise and léss
likely to smoke than were blacks. However, among those
who smoked, whites had higher cigarette consumption. Also,
younger individuals were more likely to smoke. There is
one statistical note concerning the odds ratios for age in
this study. Odds ratios for continuous variables in logistic
regression have a slightly different interpretation than odds
ratios one usually considers. For example, the odds ratio
of 0.96 implies that for each year increase in age, there is
a 4% reduction in smoking behavior. Thus, for a 10-year
age difference, there is a 40% reduction in smoking.

PSYCHOSOCIAL VARIABLES AS PREDICTORS
Table 5 lists odds ratios from logistic regression models

using psychosocial predictors of exercise and smoking among
the three disease groups. Family function was not pre-
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Table 1. Patient Characteristics by Disease Groups*

IDDM NIDDM Hypertension
Characteristics (n=83) (n=322) (n=140) Pt
Mean=+SD
age, y 35+14 58+12 58+13 <.001
Black, % 12.0 47.1 321 <.001
Female, % 47.0 58.7 53.6 094

*IDDM indicates insulin-dependent diabetes mellitus, and NIDDM,
non— insulin-dependent diabetes mellitus.

tx° statistic to compare percentages between groups; analysis of
variance to compare means.

dictive of exercise or smoking behavior in any of the mod-
els. Positive affect predicted exercise in all three groups,
but in different ways. Patients with IDDM with positive
affect were three times more likely than patients with IDDM
without positive affect to exercise at 2510 kj/wk or more;
patients with NIDDM were twice as likely {(odds ratios,
3.12 and 2.05, respectively). In contrast, hypertensive pa-
tients with positive affect were approximately 66% less
likely than their counterparts without positive affect to
exercise at this level (odds ratio, 0.34).

Poor coping with psychological stress (ie, high scores
on BEPSI) significantly predicted current vs nonsmoking
status (odds ratio, 7.31) in patients with IDDM, but not
among patients with NIDDM or hypertension. Likewise,
older age was negatively associated with being a current
smoker (vs a nonsmoker) in patients with NIDDM with
an odds ratio of 0.94.

In each specific group, when looking at current vs
former smoking status, increased age as a continuous vari-
able again was negatively associated with current smok-
ing, with odds ratios of 0.65 in IDDM, 0.95 in NIDDM,
and 0.96 in hypertensive patients. For each 10-year in-
crease in age, these odds ratios translate into a 350% re-
duction in smoking behavior in IDDM, a 50% reduction
in NIDDM, and a 40% reduction in hypertensive pa-
tients. In the moderate to heavy vs light smoking status
model, male sex was the sole significant predictor, re-
maining only among patients with IDDM.

B COMMENT

This survey of psychosocial predictors of exercise and smok-
ing among a large number of diabetic and hypertensive pa-
tients has limitations inherent in any survey. Under-
reporting or overreporting of health behaviors and chronic
disease is known to occur in interview surveys.?? While ex-
amination measurements decreased this effect in disease
group categorization, patients may not have accurately re-
ported their exercise or smoking behaviors, possibly re-
sulting in inflated exercise estimates or lower-than-actual
smoking rates. Without observing the behavior of interest,
which introduces its own biases, such a problem is diffi-
cult to eliminate from surveys that rely on self-report.

Downloaded from www.arch

ARCH FAM MED/VOL 2, FEB 1993

152

A second potential limitation of this study concerns
its generalizability. These patients were volunteers, and
may not represent the full spectrum of diabetes and hy-
pertension seen in primary care practice. However, the
demographic composition of the disease groups in this
work reflects that found nationally for IDDM,??
NIDDM,**** and hypertension,” lending support to this
study’s generalizability.

These data uncover differences in exercise and smok-
ing behaviors among patients with IDDM, NIDDM, and
hypertension, as well as psychosocial predictors of those
behaviors. While the percentage of exercising patients with
NIDDM and hypertension seems low (15.9% and 16.4%,
respectively), it is in keeping with previously published
reports for American adults.””*® The percentage of exer-
cising patients with IDDM is higher than that found among
American adults and is likely related to an increased per-
centage of whites in this population. Others**>? have found
that for any given age, whites engage in recreational ex-
ercise more often than blacks. White race is the only vari-
able to remain in our disease type and demographic model
in Table 4, and the IDDM group has a higher percentage
of white patients. This finding should be interpreted cau-

Table 2. Preventive Health Behaviors by Disease Groups™®
Preventive IDDM NIDDM Hypertension
Behaviors (n=83) (n=322) (n=140) Pt
Exercises =2510 kJ/wk, % 278 159 16.4 .040
Current smokers, % 228 20.2 193 822
Former smokers, % 26,6 300 293 097
Moderate to heavy smokers, %3 50.0 485 518 457

*IDDM indicates insulin-dependent diabetes mellitus, and NIDDM,
non— insulin-dependent diabetes mellitus.

1x? statistic.

}Percentage of current smokers who consume more than 12 cigarettes
per day.

Table 3. Psychometric Scores by Disease Groups*
Psychosocial IDDM NIDDM  Hypertension
Instrument (n=83) (n=322) (n=140) Pt
BEPSI 264+122 208+132 197130 <.001
Family APGAR Scale 7.1+30 72.£29 79+26 043
ABS (ILL) 294+116 256122 26.1=116 043
ABS (WELL) 472+94 47.7+125 494+110  .188%
Positive affect 55.4 65.0 66.4 207

*IDDM indicates insulin-dependent diabetes mellitus;, NIDDM,
non— insulin-dependent diabetes mellitus; BEPSI, Brief Encounter
Psychosocial Instrument; APGAR, Adoption, Partnership, Growth, Affection,
and Resolve; and ABS, Affect Balance Scale. Data are expressed as
mean=SD, except for positive affect, which is expressed as the percentage
of patients with ABS (ILL) of 25 or less or ABS (WELL) above 50.

1x? statistic to compare percentages between groups; analysis of
variance to compare means, except where noted.

YKruskal-Wallis’ H used because of nonhomogeneity of variances by
Bartlett’s x°.
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Table 4. Disease Type and Demographic
Predictors of Preventive Behaviors
Odds Ratio
(95% Confidence
Preventive Behavior Predictor Interval)*
Exercises =2510 kd/wk White race 2.77 (1.64-4.69)
Current smokert Age 0.98 (0.96-0.99)
White race 0.61 (0.40-0.94)
Current vs former smokers Age 0.96 (0.94-0.98)
White race 0.55 (0.32-0.92)
Moderate to heavy smoker§ White race 2.56 (1.14-5.74)

*Derived from stepwise logistic regression models containing disease
type and demographic variables.

tCurrent vs nonsmokers dichotomized into 1 and 0, respectively.

tCurrent vs former smokers dichotomized into 1 and 0, respectively.

§Moderate to heavy (> 12 cigarettes per day) vs light smokers (<12
cigarettes per day) dichotomized into 1 and 0, respectively.

tiously. The effect of white race may be due to socioeco-
nomic status, occupation, or education, factors not eval-
uated in our study. It is interesting that age does not remain
in the exercise models as increased levels of physical ac-
tivity correlate with younger age in other populations.”

The lack of correlation between family function and
exercise and smoking behaviors is surprising given that other
studies*” have noted social support to influence preven-
tive health practices. While the Family APGAR Scale is a
well-accepted measure of family function,* it may not cap-
ture those aspects of social support related to health. Re-
cent data, for example, have failed to find a relationship
between the Family APGAR Scale and the health behavior
of pregnant teenagers. On the other hand, family function
may actually have no association with exercise or smoking
among these individuals with chronic disease.

Positive affect has been shown in numerous studies
to correlate with exercise participation as our diabetic data
show.*>*® Unexpectedly, the opposite was found in our
hypertensive patients (Table 5), in whom positive affect
is inversely related to exercise. We do not have a good

explanation for this finding. This could be a chance as-
sociation or the result of confounding by some variable
not included in the model. Alternatively, it may be re-
lated to the nature of hypertension as a disease. Are peo-
ple with positive affect who lead sedentary lives more likely
10 become hypertensive than those with positive affect
who exercise? If further studies replicate this finding in
hypertensive patients, it may have implications for clin-
ical exercise counseling.

The prevalence of smoking among the three groups
is remarkably similar (Table 2;) and below that measured
nationally in the early 1980s* or that projected for the
year 2000.%® This may signal that the stop-smoking mes-
sage is particularly effective for these individuals with chronic
disease and should encourage clinicians to be aggressive
in telling their diabetic and hypertensive patients not to
smoke.

The relationship between stress and smoking has been
evaluated in other studies ®? but is obvious here only among
patients with IDDM. The presence of difficulty coping with
stress as measured by BEPSI in the current vs nonsmok-
ing model makes one appreciate the role of psychological
stress in tobacco abuse. The absence of stress as a pre-
dictor variable in the NIDDM and hypertensive models
may indicate that its influence in smoking is greatest among
younger age groups.

In evaluating smoking behavior, we might have
strengthened our study by including the Nicotine Toler-
ance Questionnaire by Fagerstrom.” However, a separate
analysis {data not shown) revealed a strong correlation
between male sex and white race (but not psychosocial
variables) and smoking 26 or more cigarettes per day,
one of Fagerstrom’s criteria for nicotine dependence. Thus,
white male diabetic and hypertensive smokers in our pop-
ulation may be more likely to be nicotine-dependent.

In agreement with national data,**' younger pa-
tients with these chronic diseases, especially IDDM, are
more likely than older patients to smoke. Whites are less
likely than blacks to be current smokers, which corre-

Table 5. Psychosocial Predictors of Exercise and Smoking for Three Patient Groups™

1DDM NIDDM Hypertension
Preventive I 1T Yirif ]
Behavior Predictor Odds Ratio (95% CI) Predictor Odds Ratio (95% CI) Predictor Odds Ratio (95% CI)
Exercises =2510 kJ/wk Positive affect 3.12 (1.13-8.33) Positive affect 2.05 (1.12-3.78) Positive affect 0.34 (0.12-0.91)

White race 2.43 (1.27-4.66)

Current smokert BEPSI 7.31 (21-27.7) Age 0.94 (0.89-0.99) None Kk
Current vs former smokery  Age 0.84 (0.76-0.94)§  Age 0.95 (0.93-0.98) Age 0.96 (0.92-0.99)
Moderate to heavy smoker||  Male sex 16.0 (1.31-19.4) None None

*IDDM indicates insulin-dependent diabetes mellitus;, NIDDM, non— insulin-dependent diabetes mellitus; Ci, confidence interval; and BEPSI, Brief Encounter
Psychosocial Instrument. Odds ratios were derived from stepwise logistic regression analysis of psychosocial variables separately modeled for three patient

groups.
tCurrent vs nonsmokers dichotomized into 1 and 0, respectively.
tCurrent vs former smokers dichotomized into 1 and 0, respectively.
§Forward stepwise analysis only using continuous psychometric scores.

|Moderate to heavy smokers (> 12 cigarettes per day) vs light smokers (<12 cigarettes per day) dichotomized into 1 and 0, respectively.
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sponds to data showing an increased national prevalence
of smoking among blacks.> Again, this finding should be
cautiously interpreted, as it may reflect socioeconomic fac-
tors not measured in this study.

B CONCLUSIONS

In the absence of other factors, glucose intolerance in-
creases a patient’s risk of a serious cardiovascular event
roughly 1'% times,” while mild hypertension doubles
that risk.? Both smoking and lack of exercise increase
these cardiovascular risks even further, but are modifi-
able in the motivated patient. Among diabetic and hy-
pertensive patients, typical of their wider correspond-
ing disease populations, this work reveals age, race,
sex, and psychological factors associated with exercise
and smoking behavior. Paralleling national trends,
white diabetic and hypertensive patients less frequently
smoke and more frequently exercise than their black
counterparts. In the same way, older individuals (dia-
betic or hypertensive) are less likely than younger in-
dividuals to be current smokers. From a psychological
standpoint, as others have found, positive affect is as-
sociated with higher levels of exercise among diabetics,
while, unexpectedly, the opposite is true for hyperten-
sives. Finally, coping with psychological stress plays an
important role in the smoking behavior of patients
with IDDM, the youngest of the three study groups.

These findings emphasize areas where family phy-
sicians need to concentrate their health promotion efforts
for their diabetic and hypertensive patients. With a lower
smoking prevalence than measured in American adults,*
these individuals may be particularly responsive to the
stop-smoking message, especially as they grow older. There
are therapeutic implications as well. First, because of poor
coping, insulin-dependent diabetic smokers may need stress
reduction counseling or even anxiolytic therapy in their
attempts to quit. Pharmacologic agents, such as bus-
pirone hydrochloride, have had mixed success in smok-
ing cessation.** Perhaps using anxiolytics among younger
diabetic patients or among any patients who score high
on stress measurements such as the BEPSI, may increase
this intervention’s effectiveness. Second, because white male
smokers have increased daily cigarette consumption (and,
in particular, an increased likelihood of smoking =26 cig-
arettes per day), these diabetic and hypertensive patients
may be more likely to benefit from nicotine replace-
ment** in smoking cessation attempts.

Physical, psychological, and social barriers to in-
creased physical activity and smoking cessation make life-
style changes difficult, even (or perhaps especially) for
those with chronic disease. However, knowledge about
the whole patient—his or her life’s stressors, affect, and
demographic profile—can guide the family physician in
anticipating pitfalls and thus bring us closer to the goal of
healthier people by the year 2000.
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