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Traditional risk factors across short-,
intermediate-, and long-term follow-up in
men and women

Jarett D. Berry, MD e Donald M. Lloyd-Jones, MD

TIME-SAVER

We found sex differences in the
pattern of relative strength when risk-
factor associations with death from
cardiovascular disease (CVD) were
evaluated across different periods of
follow-up. In women, an increased risk
in CVD-related death was associated
with diabetes mellitus and smoking;
this risk was most prominent in the
early follow-up period. Our finding il-
lustrates that clinicians should employ
more intense preventive measures

in women who are smokers or have
diabetes.
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t is well established that traditional cardiovascular disease (CVD) risk factors,

such as total serum cholesterol and systolic blood pressure measured at base-

line, are associated with CVD over long periods (ie, 30 years) of follow-up. In
addition, multiple studies have compared the strength of the association between
these traditional risk factors and CVD across different periods of short-, interme-
diate-, and long-term follow-up in men. Although some studies have found that
the relative risk associated with smoking and diabetes in women is 2 to 3 times
greater than that of men in the short term (<10 years), little is known about the
association of these risk factors with CVD outcomes in women across longer pe-
riods of follow-up (eg, 10-20 years or >20 years).! We sought to shed light on this
by comparing the strength of the association between traditional risk factors and
CVD death in women and men across 3 distinct follow-up periods.

Methods

CHA (Chicago Heart Association Detection Project in Industry) is a well-
established observational cohort study designed to assess the associations of tra-
ditional risk factors with CVD.?3 Traditional risk factors and electrocardiograms
(ECGs) were measured in accordance with standard protocols. Vital status was
ascertained through 2003, with an average follow-up of 33 years. Mortality from
coronary heart disease (eg, ischemic heart disease), CVD (eg, all circulatory dis-
eases), and all other causes of death were assigned as non-CVD deaths in accor-
dance with standard death certificate coding (ie, ICD-9 codes).

We included a total of 16,608 participants after excluding those with a his-
tory of myocardial infarction or with missing baseline covariates. The follow-up
period was partitioned into 3 separate time periods: 0 to 10 years, 10 to 20 years,
and more than 20 years. For example, an individual surviving for 25 years would
provide 10 years of follow-up for the first interval (0-10 years), 10 years for the
second interval (10-20 years), and 5 years for the third interval (>20 years). Cox
proportional hazards models were constructed for each follow-up period. All
models were multivariable and adjusted for all baseline covariates, including age,
systolic blood pressure, total serum cholesterol, body mass index (BMI), smok-
ing, diabetes mellitus, major ECG abnormalities, and minor ECG abnormalities.
We examined for trends in the associations by testing the changes in the beta
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coefficients from the 3 time intervals
using a chi-square test with 2 degrees
of freedom. We interpreted a P value
below .05 to suggest that the strength
of the association between the risk fac-
tor and death from CVD was different
across the follow-up periods.

Results

The baseline characteristics listed
in Table 1 reveal minor but expect-
ed sex differences with regard to
systolic blood pressure, smoking, dia-
betes mellitus, and ECG abnormal-
ities. As shown in Table 2 and the
Figure, systolic blood pressure, total
serum cholesterol, current smoking,
and diabetes mellitus were associated
with CVD death during nearly all
follow-up intervals in men and wom-
en. The hazard ratios for CVD death
associated with systolic blood pres-
sure differed across the follow-up
periods, decreasing in later follow-up
periods in both men and women. In
contrast, the hazard ratios for total
serum cholesterol were similar across
all follow-up periods.

We noted important sex differ-
ences for other risk factors in asso-
ciation with CVD death. In men, the
hazard ratio for diabetes mellitus re-
mained unchanged across the follow-
up periods. In contrast, the hazard
ratio for diabetes mellitus in women
showed a marked decrease in strength
across the 3 distinct follow-up periods.
Similar sex differences were observed
for smoking. When examining BMI
in men, the hazard ratio increased
across the follow-up periods, whereas
no change was observed in women.
Last, the association of baseline major
and minor ECG abnormalities with
CVD death in men was very strong in
the initial follow-up period, with sig-
nificant attenuation in the subsequent
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follow-up periods. In women, no con-
sistent association was observed (Table
2 and Figure).

Discussion

To our knowledge, this is the
first report examining the association
between baseline measures of tradi-
tional risk factors and CVD mortal-
ity in women across different intervals
of follow-up. We found higher hazard
ratios for diabetes mellitus and smok-
ing in the first decade of follow-up in
women compared with men, with sub-
stantial attenuation in risk over the
second and third decades. In men, the
hazard ratio for BMI was lower in the
first decade of follow-up, with a pro-
gressive increase in risk observed over
the subsequent follow-up periods. In
addition, the hazard ratios for CVD
death associated with major and minor
electrocardiographic abnormalities in
men were highest in the initial follow-
up period, with significant attenuation

observed over the subsequent decades
of follow-up.

The most significant difference be-
tween the sexes in risk for CVD from
both diabetes mellitus and smoking
occurred in the first 10 years. These
findings provide further support for
earlier, more intensive prevention strat-
egies aimed at risk-factor modification
in women with diabetes and in those
who continue to smoke.* Although the
exact mechanism for these observed
sex differences remains unclear, these
findings are consistent with greater
atherogenic effects of both smoking
and diabetes in women.’

Several studies have previously
reported the association between tra-
ditional risk factors and coronary
heart disease across different periods
of follow-up in men. In general, these
studies have noted that the associ-
ated relative risk for smoking is high-
est during short-term follow-up (0-10
years) and weaker during later periods

Table 1. Baseline characteristics of 16,608 men and women 40 to 59 years of age between

1967 and 1973 from the CHA study.?

Variable
Age, years
Systolic blood pressure, mm Hg
Total serum cholesterol, mg/dL
Body mass index, kg/m?
Smoke, %

Never

Former

Current

Cigarettes daily®
Diabetes mellitus, %
Major ECG abnormalities, %
Minor ECG abnormalities, %

Mean (SD)

Men (n = 9033) Women (n = 7575)
487 (5.6) 49.5 (5.4)
141.4 (19.8) 136.5 (20.2)
212.2 218.6
27.2 (37.0) 25.2 (40.4)
23.8 481
34.7 15.7
4.5 36.3
24.(12) 18 (10)
a5 2.4
76 138
7.2 47

CHA indicates Chicago Heart Association Detection Project in Industry; ECG = electrocardio-

gram; SD = standard deviation.

aAll risk-factor differences by sex were statistically significant (P <.05).

SAmong current smokers.
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Men

Systolic blood pressure
(per 20 mm Hg)

Total serum cholesterol
(per 40 mg/dL)

Smoke

Never

Former

Current
Body mass index (per 4 kg/m?)
Diabetes mellitus
Minor ECG abnormalities
Major ECG abnormalities

Women

Systolic blood pressure
(per 20 mm Hg)

Total serum cholesterol
(per 40 mg/dL)

Smoke

Never

Former

Current
Body mass index (per 4 kg/m?)
Diabetes mellitus
Minor ECG abnormalities
Major ECG abnormalities

HR

1.37

119

1.0
093
1.86
1.01
1.88
214
3.89

1.57

114

1.0
2.49
5.38
116
3.84
11
1.33

0-10 Years 10-20 Years
95% ClI HR 95% ClI
1.24-1.50 1.33 1.24-1.44
1.10-1.29 119 1.10-1.29
= 1.0 =
0.65-1.31 1.09 0.86-1.38
1.37-2.53 2.10 1.69-2.62
0.90-1.14 113 1.04-1.23
1.23-2.88 242 1.79-3.27
1.52-3.03 1.07 0.80-1.43
297-5.08 1.54 1.20-1.98
1.30-1.91 1.37 1.23-1.53
0.92-1.41 116 1.04-1.29
= 1.0 =
1.14-5.44 0.80 0.51-1.26
2.99-9.67 274 2.11-3.56
0.97-1.39 119 1.08-1.31
1.82-8.13 2.55 1.55-4.20
0.44-2.81 1.51 0.97-2.37
0.74-2.41 1.56 115-2.13

>20 Years
HR 95% Cl P
118 111-1.25 002
111 1.04-118 110
10 -
123 1.06-1.44 787
1.67 1.44-195
1.20 113-1.28 < .001
203 156-2.64 368
1.28 1.04-156 < 001
1.26 1.02-156 < .001
121 113129 < 001
113 1.06-1.20 992
10 -
096 0.78-117 < 001
171 148197
119 112126 719
1.60 110-2.32 004
1.06 0.80-1.40 810
1.22 1.01-1.48 976

Table 2. Multivariable-adjusted hazard ratios (95% ClI) for CVD death for 0-10, 10-20, and more than 20 years of follow-up in 16,608 men and
women between 40 and 59 years from the CHA study.

3P value of <.05 suggests that the strength of the association between the risk factor and CVD death was different across the follow-up

periods.

CHA indicates Chicago Heart Association Detection Project in Industry; Cl = confidence interval; ECG = electrocardiogram; HR = hazard ratio.

of follow-up (>20 years). In contrast,
the associated relative risk for BMI
is stronger during the later follow-up
periods and weaker during the short-
term. The associated risk for coronary
heart disease events from elevated to-
tal serum cholesterol generally remains
consistent across different follow-up
periods. For systolic blood pressure,
most studies suggest that the associ-
ated risk appears to diminish. Findings
from our study are generally consistent

with these prior reports.

There are several potential mecha-
nisms that might explain the observed
differences in associated risk for the
major CVD risk factors across different
periods of follow-up. First, the associa-
tion of a risk factor with long-term out-
comes depends on risk-factor tracking
across time (ie, the risk factor at base-
line classifies an individual as “high
risk” or “low risk” consistently across

time); thus, those risk factors with bet-
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ter long-term tracking (eg, BMI) appear
to provide more stable estimates across
different periods of follow-up com-
pared with those with worse tracking
across time (eg, blood pressure).
Second, the strength of traditional
CVD risk factors can vary because of
the nature of the association between
the risk factor and CVD. For example,
although the relative risk for BMI in-
creases across increasing duration of

follow-up, the relative risk diminishes
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Hazard ratios (95% Cls) for CVD death for 0-10, 10-20, and >20 years of follow-up in 40- to 59-year-old men in 1967
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Hazard ratios (95% Cls) for CVD death for 0-10, 10-20, and >20 years of follow-up in 40- to 59-year-old women in 1967
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Figure. Multivariable-adjusted relative risks for CVD death during selected periods of follow-up (0-10, 10-20, and >20 years) for different risk
factors measured at baseline. All point estimates and 95% Cls reflect multivariable adjustment for all other risk factors. Cls indicates confi-
dence intervals; CVD = cardiovascular disease; ECG = electrocardiogram; SBP = systolic blood pressure.

with adjustment for baseline systolic
blood pressure, total cholesterol, and
diabetes, suggesting that the risk at-
tributable to BMI is mediated by these
risk factors; therefore, a higher BMI at
study entry increases the risk for the
development of these other risk factors
in the future.®*

Third, risk-factor strength can
vary because of competing risk. Sever-
al of the traditional CVD risk factors
are well-known determinants of both
CVD and non-CVD death.”!® For ex-
ample, smoking increases the risk for
death from both CVD and cancer.
In CVD survival analyses, individu-
als who die from a competing cause
(eg, cancer) are treated as “censored”
observations and removed from the
risk set, resulting in an attenuation
of the observed hazard ratio for CVD
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death." As a result, the hazard ratios
for CVD death for those risk factors
associated with non-CVD death will
attenuate more than the risk factors
not associated with non-CVD death;
thus, the competing risk of non-CVD
death associated with systolic blood
pressure and smoking likely explains
some of the trends observed in previ-
ous studies. The finding that the asso-
ciation between total cholesterol and
CVD death was unchanged across all
follow-up periods in our study is con-
sistent with this interpretation because
total cholesterol is generally not asso-
ciated with non-CVD death.
Treatment effects provide a final
explanation for variation in risk-factor
strength. Successful treatment strate-
gies for elevated cholesterol levels and
high blood pressure have resulted in

substantial decline in population lev-
els of these risk factors over the past
several decades.!? For example, those
individuals with the highest blood
pressure are more likely to be treated,

diminishing their risk over time.

Conclusions

We found some important sex dif-
ferences in relative risk for several of
the traditional risk factors across dif-
ferent periods of follow-up. In wom-
en, the greatest increase in risk for
CVD death was in the early follow-up
period and came from smoking and
diabetes mellitus. This finding indi-
cates that women who are diabetic or
smoke require a more intensive pre-
vention strategy, including counseling
on smoking cessation and risk-factor

modification. ®
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l Feature 30

Counseling may prove effective in patients
with CVD risk factors

45-year-old woman presented

to our institution for cardio-

vascular risk assessment. The
patient had no personal or family histo-
ry of cardiovascular disease (CVD), but
reported smoking 1 pack of cigarettes
daily. She noted exercising occasionally
without symptomatic limitations.

On physical examination, the pa-
tient appeared to be healthy, despite
being overweight (body mass index,
28.7 kg/m?). Her blood pressure was
138/75 mm Hg in both arms, and the

examination was otherwise normal.
Laboratory studies revealed a fasting
blood glucose of 94 mg/dL, total cho-
lesterol of 185 mg/dL, and high-density
lipoprotein cholesterol of 51 mg/dL.
Her serum creatinine was normal.
A resting electrocardiogram (ECG)
showed nonspecific ST-segment and
T-wave abnormalities. The presence of
these abnormalities did not prompt ad-
ditional testing because a high propor-
tion of false-positive ECG abnormali-

ties are known to occur in individuals
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in the patient’s age range.

Although the patient’s absolute
10-year risk for coronary heart disease
was low, her heavy smoking history
was associated with a marked increase
in her relative CVD risk in the short-
term. The patient noted having signifi-
cant difficulty in stopping smoking in
the past, but an extensive discussion
with her regarding the marked short-
term risks of smoking in women trans-
lated into successful smoking cessation
over the next 3 months. ©
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