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Few studies have examined multiple risk factors for mortality or formally compared their associations across

specific causes of death. The authors used competing risks survival analysis to evaluate associations of lifestyle
and dietary factors with all-cause and cause-specific mortality among 50,112 participants in the Nurses’ Health
Study. There were 4,893 deaths between 1986 and 2004: 1,026 from cardiovascular disease, 931 from smoking-
related cancers, 1,430 from cancers not related to smoking, and 1,506 from all other causes. Age, body mass index
at age 18 years, weight change, height, current smoking and pack-years of smoking, glycemic load, cholesterol
intake, systolic blood pressure and use of blood pressure medications, diabetes, parental myocardial infarction
before age 60 years, and time since menopause were directly related to all-cause mortality, whereas there were
inverse associations for physical activity and intakes of nuts, polyunsaturated fat, and cereal fiber. Moderate
alcohol consumption was associated with decreased mortality. A model that incorporated differences in the asso-
ciations of some risk factors with specific causes of death had a significantly better fit compared with a model in
which all risk factors had common associations across all causes. In the future, this new model may be used to

identify individuals at increased risk of mortality.

diet; exercise; life style; mortality; obesity; smoking

Abbreviations: AUC, area under the curve; Cl, confidence interval; HR, hazard ratio; ICD-8, International Classification of
Diseases, Eighth Revision; MET, metabolic equivalent; P rt, P value for the likelihood ratio test.

Many epidemiologic studies have examined associations
of individual lifestyle factors—including overweight and
obesity, physical activity, smoking, dietary factors, and post-
menopausal hormone use—with mortality (1-5). A limita-
tion of most prior studies, however, has been their focus on
one risk factor at a time; few studies have addressed the
effects of multiple risk factors simultaneously. Furthermore,
although some studies have examined the effects of risk
factors on cause-specific mortality, few have done a formal
comparison to determine whether there are significant dif-
ferences in their associations across specific causes of death.

Use of a composite endpoint, such as all-cause mortality,
can enhance statistical power if a risk factor has a fairly
uniform effect on each component of the outcome but can-
not identify differences between the associations of a risk
factor with the different components. The purpose of this

319

analysis, therefore, was to examine the associations of life-
style and dietary factors with mortality among participants
in the Nurses’ Health Study, applying a method for compet-
ing risks survival analysis to compare the effects of risk
factors across specific causes of death. Then, based on this
comparison, our goal was to develop a comprehensive
model for all-cause mortality that incorporates the effects
of important risk factors and allows them to have different or
common effects across specific types of mortality.

MATERIALS AND METHODS
Study design and population

The Nurses’ Health Study is a prospective cohort study
that began in 1976, when 121,700 US female registered
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Table 1. Distributions of Risk Factors for Mortality Among 50,112 Participants in the Nurses’

Health Study in 1986

. 10th 90th
Mean (SD) Median Percentile Percentile
Continuous variables

Age, years 52.5 (7.1) 52.3 42.9 62.3

Body mass index at 21.4 (2.8) 20.9 18.3 24.9
age 18 years, kg/m?

Weight change since 7.8 (9.9 6.8 -2.7 20.5
age 18 years, kg

Height, inches?® 64.5 (2.4) 64.0 62.0 68.0

Smoking amount/ 22.2 (18.5) 18.0 2.0 48.0
duration, pack-
years®

Physical activity, MET- 12.9 (14.5) 7.7 0.9 34.2
hours/week

Polyunsaturated fat, 6.0 (1.2) 5.9 4.5 7.6
% energy

Glycemic load, GL units® 94.4 (16.6) 94.0 74.0 115.0

Dietary cholesterol, mg/ 179.1 (44.2) 174.4 128.6 233.5
1,000 kcal per day

Cereal fiber, g/day, 3.7 (1.6) 3.4 2.0 5.8
energy adjusted

Time since menopause, 5.0 (5.8) 2.8 0.0 13.1
years

No. %

Categorical variables
Smoking status

Never 22,698 45.3
Past 17,148 34.2
Current 10,266 20.5

nurses aged 30-55 years completed a mailed questionnaire
about their lifestyle factors, health behaviors, and medical
histories. Follow-up questionnaires have been sent to par-
ticipants every 2 years since enrollment (6). This study was
approved by the Partners Human Research Committee (Bos-
ton, Massachusetts); completion of the self-administered
questionnaire was considered to imply informed consent.

Follow-up for this analysis began in 1986, the first year
that a detailed assessment of physical activity was included
on the questionnaire, because physical activity is an impor-
tant risk factor for mortality in this population (2, 3). We
excluded women who died or had a previous diagnosis of
cardiovascular disease or cancer, other than nonmelanoma
skin cancer, prior to return of the 1986 questionnaire. In
addition, only participants with complete information on
the risk factors of interest (including 3 dietary assessments
in 1980, 1984, and 1986) were included.

Assessment of risk factors

We focused mainly on modifiable lifestyle and dietary
factors previously shown to be associated with mortality
in this cohort. We also included several conditions that are
consequences of lifestyle (e.g., systolic blood pressure, di-

Table continues

abetes), because of well-established associations with spe-
cific causes of death. All risk factors were assessed by self-
report on the biennial questionnaires with a high degree of
reliability and accuracy (7-13). Although there were re-
peated assessments of many of the risk factors during the
follow-up period, we used only baseline values in this anal-
ysis to minimize the potential of clinical or subclinical dis-
ease affecting risk factor status.

Age was calculated from date of birth until the return date
of the 1986 questionnaire. Height was assessed at the be-
ginning of the study in 1976, and weight at age 18 years was
reported in 1980; these were used to calculate body mass
index at age 18. Weight change since age 18 years was
calculated by subtracting weight at age 18 from current
weight. Smoking status, quantity of cigarettes smoked,
and duration of smoking were assessed on every question-
naire and used to calculate total pack-years of smoking. In
1986, women were asked to complete an 8-item question-
naire regarding the average amount of time spent per week
in different physical activities. The reported time spent in
each activity per week was multiplied by its typical expen-
diture requirements expressed in metabolic equivalents
(METs) and added together to yield a MET-hours-per-week
score (14, 15).
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Table 1. Continued

No. % Median

10th
Percentile

90th
Percentile

Alcohol intake, g/day

None 17,216 34.4
0.1-9.9 22,115 441
10-29.9 8,240 16.4
>30 2,541 5.1

Nut consumption,
servings/week

None 18,892 37.7
<1 25,857 51.6
>2 5,363 10.7
Systolic blood pressure,
mm Hg
<120 23,309 46.5
120-139 18,836 37.6
140-149 5,966 11.9
150-159 1,375 2.7
>160 626 1.3
Use of blood pressure 6,419 12.8
medications
Personal history of 1,085 2.2
diabetes
Parental Ml before 9,025 18.0

age 60 years

Abbreviations: GL, glycemic load; MET, metabolic equivalent; MI, myocardial infarction; SD,

standard deviation.
& Oneinch = 2.54 cm.
® Among past and current smokers only.

¢ Glycemic load = glycemic index (%) X grams of carbohydrate per serving. One unit of
glycemic load approximates the glycemic effect of 1 gram of glucose.

Dietary factors were assessed in 1980, 1984, and 1986 by
using a semiquantitative food frequency questionnaire. Par-
ticipants reported their average frequency of consumption of
a commonly used portion size of specific foods during the
previous year. Nutrient values were computed by multiply-
ing the frequency of consumption of each food by the nu-
trient content of that portion, adding these products across
all food items, and adjusting for total energy intake (16). We
calculated total dietary glycemic load by multiplying the
carbohydrate content of each food by its glycemic index,
multiplying this value by the frequency of consumption, and
summing these values for all foods (17). Averages of 1980,
1984, and 1986 values were computed for foods, nutrients,
and glycemic load to reduce measurement error, an ap-
proach that has been used in many analyses of dietary fac-
tors (18). Questions about the consumption of beer, wine,
and spirits were included as separate items on the food
frequency questionnaire and were used to calculate total
alcohol intake (1).

Menopausal status and age at menopause were assessed in
1986 and used to calculate time since menopause. Women
were classified as postmenopausal at the first report of nat-
ural menopause or surgery with bilateral oophorectomy.

Am J Epidemiol 2011;173:319-329

Systolic blood pressure and use of medications to control
blood pressure, personal history of diabetes, and parental
myocardial infarction before age 60 years also were as-
sessed via self-report.

Ascertainment of mortality

The main outcome was death from all causes, occurring
after the return of the 1986 questionnaire but before June 1,
2004. Deaths were usually reported by families, and deaths
among nonrespondents were identified by searching the Na-
tional Death Index (19, 20). The cause of death was ascer-
tained by review of the family reports, death certificates, and
pertinent medical records. Deaths were grouped into 4 broad
categories, according to the International Classification of
Diseases, Eighth Revision (ICD-8): cardiovascular disease
(ICD-8 codes 390.0-458.9 and 795.0-795.9); smoking-
related cancers or cancers denoted by the 2004 Surgeon
General’s report to be caused by smoking (21, 22), including
those of the lip, mouth, pharynx, esophagus (ICD-8 codes
140.0-150.0), larynx (ICD-8 codes 161.0-161.9), pancreas
(ICD-8 codes 157.0-157.9), bladder and kidney (ICD-8 co-
des 188.0-189.9), cervix (ICD-8 code 180.0), stomach
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Original NHS cohort: n = 121,700

n =118,943 alive in 1986

v

v

n =102,192 returned 1986 questionnaire

v

n = 73,599 with diet in 1986

n = 63,272 with diet in 1980, 1984, 1986

n = 57,230 with complete risk factor data

v

A 4

n = 53,098 with no prior cancer in 1986

v

A

n = 50,492 with no prior CHD in 1986

v

A

Final study population: N = 50,112

Figure 1.
in 1986. CHD, coronary heart disease; NHS, Nurses’ Health Study.

v

- 2,757 (2.3%) who died before 1986 or had
missing date of birth

- 16,751 (14.1%) who did not return 1986
questionnaire

- 28,593 (28.0%) with missing or incomplete diet
in 1986

- 10,327 (14.0%) with missing or incomplete
diet in 1980 or 1984

- 6,042 (9.6%) with missing or outlying values
for other risk factors in 1986

- 4,132 (7.2%) with cancer before 1986

- 2,606 (4.9%) with CHD before 1986

- 380 (0.8%) with stroke or peripheral artery
disease before 1986

Study population and exclusions in the Nurses’ Health Study between study initiation in 1976 and current follow-up analysis beginning

(ICD-8 codes 151.0-151.9), trachea and lung (ICD-8 codes
162.0-162.1), and acute myeloid leukemia (ICD-8 code
205.0); other cancers (ICD-8 codes 140.0-207.9, except
those included in smoking-related cancers); and all other
causes combined (all other codes not included in 1 of
the previous 3 categories). These categories are consistent
with those used in other recent Nurses’ Health Study
analyses (24, 23, 24).

Statistical analysis

Person-years of follow-up were accrued from the return
date of the 1986 questionnaire until either death or the end
of follow-up (May 31, 2004), whichever came first. We fit
a Cox proportional hazards model to compute hazard ratios
and 95% confidence intervals for associations between each
risk factor and all-cause mortality, adjusting for all other risk
factors. Follow-up time since 1986 (continuous, in months)
was the time scale. Risk factors that had fairly linear asso-
ciations with mortality were modeled as continuous vari-
ables after eliminating outliers (25). The difference
between the 90th and 10th percentiles (shown in Table 1),
which corresponds to the median of the top versus the me-
dian of the bottom quintile, was used as the unit for each

continuous variable to provide standardized estimates
across different risk factors. Smoking status, alcohol intake,
nut consumption, systolic blood pressure, use of blood pres-
sure medications, personal history of diabetes, and parental
myocardial infarction before age 60 years were modeled as
categorical variables. We tested the proportional hazards
assumption by running separate models during the first 10
years (1986—-1996) and during the second 8 years of follow-
up (1996-2004); we also ran models that included interac-
tion terms between each risk factor and time period. The
associations of most risk factors with mortality were similar
during the 2 time periods, as shown in Web Table 1 posted
on the Journal’s Web site, http://aje.oupjournals.org.

We then used an extension of the Cox proportional haz-
ards model, hereafter referred to as ‘“‘competing risks sur-
vival analysis,” to fit a single model for mortality, assuming
different associations of each risk factor with each specific
cause of mortality (cardiovascular disease, smoking-related
cancers, other cancers, and all other causes) (26). Specifi-
cally, the approach described by Lunn and McNeil (27)
stratifies on event type and allows for estimation of the
separate associations of each risk factor with the relative
hazard of each outcome under a proportional hazards as-
sumption. This can be readily implemented in a standard
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Table 2. Associations of Risk Factors With All-Cause Mortality
From a Cox Proportional Hazards Model Among 50,112 Participants
in the Nurses’ Health Study, 1986-2004%

HR® 95% ClI
Age (per 19 years)® 5.78 5.06, 6.61
Body mass index at age 1.23 1.15,1.31
18 years (per 7 kg/m?)®
Weight change since age 1.07 1.00, 1.15
18 years (per 23 kg)®
Height (per 6 inches)® 1.16 1.08, 1.24
Smoking status®
Never 1.0 Referent
Past 0.96 0.89, 1.04
Current 1.48 1.33, 1.64
Smoking amount/duration 2.08 1.92,2.25
(per 46 pack-years)®
Physical activity (per 33 0.87 0.81, 0.93
MET-hours/week)®
Alcohol intake, g/day®
None 1.0 Referent
0.1-9.9 0.90 0.84, 0.96
10-29.9 0.91 0.83, 1.00
>30 1.03 0.90, 1.17
Nut consumption,
servings/week®
None 1.0 Referent
<1 0.92 0.87,0.98
>2 0.86 0.77,0.95
Polyunsaturated fat 0.85 0.79, 0.91

(per 3% energy)f

Table continues

statistical software package using data augmentation, which
requires that each subject have a separate observation for
each outcome.

The initial full model assumed different associations of
each risk factor with the 4 outcomes. We then fit a series of
reduced models in which 1 risk factor at a time was con-
strained to have a single estimate across all 4 outcomes. In
each of these reduced models, the effects of all other risk
factors were allowed to be different, so that the reduced
model differed from the initial full model for only 1 vari-
able. Likelihood ratio tests for heterogeneity were used to
compare the initial full model with each reduced model. We
considered a P value for the likelihood ratio test (P;rt) of
less than 0.10 to indicate that the associations of a particular
risk factor were different across specific causes of death. All
statistical tests were 2 sided.

A stepwise down approach was used to obtain the final
competing risks model for mortality. We set the risk factor
with the largest Py g that was 0.10 or greater to have a single
estimate across the 4 outcomes, and this became the new full
model. The individual reduced models then were refit and
compared with the new full model. These steps were re-
peated until we obtained a final model in which the only
risk factors with different estimates across the 4 outcomes

Am J Epidemiol 2011;173:319-329

Table 2. Continued

HR® 95% ClI
Glycemic load (per 41 1.22 1.12,1.34
units)’
Dietary cholesterol (per 1.17 1.08, 1.26
105 mg/1,000 kcal)'
Cereal fiber (per 4 g, 0.84 0.78, 0.91
energy adjusted)’
Systolic blood pressure,
mm Hg°®
<120 1.0 Referent
120-139 1.02 0.95, 1.09
140-149 1.22 1.12,1.33
150-159 1.38 1.21,1.58
>160 1.49 1.25,1.77
Use of blood pressure 1.19 1.10, 1.28
medications®
Personal history of 2.45 2.18,2.76
diabetes”
Parental MI before age 1.14 1.06, 1.22
60 years”
Time since menopause 1.15 1.05, 1.25

(per 13 years)®

Abbreviations: Cl, confidence interval; HR, hazard ratio; MET, met-
abolic equivalent; MI, myocardial infarction.

& Units for continuous variables correspond to the difference be-
tween the 90th and 10th percentile values.

® Adjusted for all other risk factors in table.

° From 1986 questionnaire.

9 From 1980 questionnaire.

¢ From 1976 questionnaire; 1 inch = 2.54 cm.

f Average of values from 1980, 1984, and 1986 questionnaires.

9 From 1988 questionnaire.

" From 1986 or previous questionnaires.

were those with Py gt < 0.10. We evaluated the performance
of the final competing risks model compared with the stan-
dard Cox proportional hazards model for all-cause mortal-
ity, in which all risk factors were constrained to have
equal effects across causes, using area under the receiver-
operating characteristic curves (AUC or C statistics) (28)
and likelihood ratio tests.

RESULTS

A total of 50,112 participants were included in the anal-
ysis. The numbers of participants excluded and the reasons
for exclusion are shown in Figure 1. The mean age among
eligible participants in 1986 was 52.5 years, and the distri-
butions of the other risk factors are shown in Table 1. There
were a total of 4,893 deaths between 1986 and 2004: 1,026
from cardiovascular disease (21%), 931 from smoking-re-
lated cancers (19%), 1,430 from cancers not related to
smoking (29%), and 1,506 from all other causes (31%).

The associations of each risk factor with all-cause mor-
tality are shown in Table 2. Risk of mortality increased
sharply with age (hazard ratio (HR) per 19 years = 5.78).
Both greater body mass index at age 18 years and weight
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Table 3. Associations of Risk Factors With Cause-specific Mortality From a Competing Risks Model Among 50,112 Participants in the Nurses

Health Study, 19862004, Assuming Different Associations of All Risk Factors With Each Specific Cause?®

Cardiovascular
Disease (1,026

Smoking-related
Cancers (931 deaths)

Other Causes
(1,506 deaths)

Other Cancers
(1,430 deaths)

deaths) Pheterogeneity
HR® 95% ClI HR® 95% ClI HR® 95% CI HR® 95% ClI
Age (per 19 years)® 6.98 5.18,9.39 5.17 3.80, 7.05 4.40 3.45, 5.61 8.03 6.27,10.27 0.004
Body mass index at age 1.61 1.40, 1.84 1.22 1.04,1.43 1.13 0.99, 1.29 1.06 0.93,1.20 <0.0001
18 years (per 7 kg/m?)°
Weight change since age 1.25 1.09, 1.43 0.94 0.80, 1.11 1.31 1.16, 1.48 0.85 0.75, 0.96 <0.0001
18 years (per 23 kg)®
Height (per 6 inches)® 1.17 1.01,1.37 1.14 0.97,1.34 1.17 1.03, 1.34 1.14 1.00, 1.30 0.99
Smoking status®
Never 1.0 Referent 1.0 Referent 1.0 Referent 1.0 Referent <0.0001
Past 0.96 0.80, 1.15 1.03 0.83, 1.27 0.96 0.83,1.10 1.05 0.90, 1.21
Current 2.02 1.61,2.54 1.88 1.48, 2.39 1.07 0.88, 1.31 1.57 1.30, 1.89
Smoking amount/duration 1.56 1.30, 1.87 3.54 3.02, 4.16 1.61 1.36, 1.91 2.01 1.74,2.33 <0.0001
(per 46 pack-years)®
Physical activity (per 33 0.88 0.75,1.03 0.97 0.83,1.14 0.91 0.81,1.04 0.76 0.66, 0.86 0.07
MET-hours/week)®
Alcohol intake, g/day®
None 1.0 Referent 1.0 Referent 1.0 Referent 1.0 Referent 0.003
0.1-9.9 0.72 0.62, 0.84 1.03 0.88, 1.21 1.03 0.91,1.17 0.83 0.74, 0.94
10-29.9 0.73 0.59, 0.90 0.97 0.79, 1.19 1.12 0.95, 1.33 0.85 0.72,1.00
>30 1.01 0.77,1.33 1.08 0.81, 1.43 1.02 0.78, 1.32 1.01 0.80, 1.28
Nut consumption,
servings/week®
None 1.0 Referent 1.0 Referent 1.0 Referent 1.0 Referent 0.73
<1 0.91 0.80, 1.03 0.93 0.81, 1.06 0.91 0.81, 1.02 0.95 0.85, 1.06
>2 0.82 0.65, 1.04 0.74 0.58, 0.95 0.95 0.79, 1.14 0.87 0.72,1.05
Polyunsaturated fat 0.79 0.67, 0.93 0.98 0.83,1.16 0.86 0.75, 0.99 0.79 0.69, 0.91 0.20

(per 3% energy)’

change since age 18 were associated with increased risk,
although the association was stronger for body mass index
at age 18 (HR per 7 kg/m*> = 1.23). Height also was posi-
tively associated with all-cause mortality (HR per 6
inches = 1.16; 1 inch = 2.54 cm). Both current smoking
(HR vs. never = 1.48) and greater total pack-years of smok-
ing (HR per 46 pack-years = 2.08) were associated with
increased mortality risk, whereas physical activity was as-
sociated with decreased risk (HR per 33 MET-hours/week =
0.87). For alcohol consumption, there was a small decrease
in risk for 0.1 g/day-9.9 g/day and 10 g/day-29.9 g/day
(HRs vs. none = 0.90 and 0.91, respectively), but not
for >30 g/day. Glycemic load (HR per 41 units = 1.22)
and cholesterol intake (HR per 105 mg/1,000 kcal = 1.17)
were positively associated with mortality, whereas nut con-
sumption (HR for >2 servings/week vs. none or almost
none = 0.86), polyunsaturated fat intake (HR per 3% of
total energy intake = 0.85), and cereal fiber intake (HR
per 4 g = 0.84) were inversely associated with risk. Initial
models also included other dietary factors (e.g., intakes of
fruit and vegetables, frans fat), but these were eliminated
from the final model because of nonsignificant associations
with mortality after adjustment for other risk factors (data

Table continues

not shown). Systolic blood pressure (HR for >160 vs. <120
mm Hg = 1.49), use of blood pressure medications (HR =
1.19), personal history of diabetes (HR = 2.45), parental
myocardial infarction before age 60 years (HR = 1.14),
and time since menopause (HR per 13 years = 1.15) were
positively associated with all-cause mortality. Based on
multiplication of the individual hazard ratios, the hazard
ratio for all-cause mortality for the ‘“worst” versus the
“best” risk profile for all of the modifiable risk factors (body
mass index at age 18 years, weight change, smoking status
and amount/duration, physical activity, alcohol intake, and
all of the dietary factors) was 12.32.

The associations of each risk factor with cause-specific
mortality are shown in Table 3. The relations of many fac-
tors with risk of death differed across causes. For example,
age was more strongly associated with risk of death from
cardiovascular disease (HR per 19 years = 6.98) and other
causes (HR = 8.03) than from smoking-related cancers or
other cancers, and the positive association for body mass
index at age 18 years was stronger for risk of death from
cardiovascular disease (HR per 7 kg/m?* = 1.61) than for any
other causes. Weight change since age 18 years was posi-
tively associated with risk of death from cardiovascular

Am J Epidemiol 2011;173:319-329
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Table 3. Continued

Cardiovascular
Disease (1,026

Smoking-related
Cancers (931 deaths)

Other Causes
(1,506 deaths)

Other Cancers
(1,430 deaths)

deaths) Pheterogeneity
HR® 95% ClI HR® 95% ClI HR® 95% Cl HR® 95% ClI
Glycemic ;oad (per 41 1.19 0.98, 1.45 1.18 0.96, 1.45 1.14 0.97, 1.36 1.35 1.15,1.58 0.55
units)
Dietary cholesterol (per 1.07 0.91, 1.26 1.12 0.94, 1.32 1.25 1.09, 1.43 1.20 1.05, 1.37 0.48
105 mg/1,000 kcal)’
Cereal fiber (per 4 g, 0.82 0.69, 0.97 0.86 0.72, 1.03 0.82 0.71, 0.95 0.85 0.74, 0.98 0.96
energy adjusted)’
Systolic blood pressure, 0.003
mm Hg®
<120 1.0 Referent 1.0 Referent 1.0 Referent 1.0 Referent
120-139 1.25 1.06, 1.48 0.87 0.75, 1.02 1.02 0.90, 1.15 1.03 0.91,1.17
140-149 1.72 1.42,2.09 0.99 0.81, 1.22 1.10 0.93, 1.30 1.25 1.07, 1.47
150-159 1.80 1.36, 2.38 1.34 0.98, 1.84 1.20 0.91, 1.58 1.42 1.11,1.81
>160 2.58 1.91, 3.49 1.25 0.81, 1.92 1.04 0.70, 1.56 1.31 0.95, 1.81
Use of blood pressure 1.56 1.35, 1.81 0.96 0.80, 1.17 1.01 0.87,1.17 1.23 1.07, 1.40 <0.0001
medications®
Personal history of 3.34 2.72,4.10 1.18 0.80, 1.75 1.27 0.95, 1.70 3.58 2.97,4.33 <0.0001
diabetes”"
Parental MI before age 1.20 1.08, 1.39 1.10 0.93, 1.29 1.04 0.91, 1.20 1.21 1.07,1.37 0.37
60 years”
Time since menopause 1.82 1.11, 1.58 1.21 1.00, 1.47 0.90 0.76, 1.07 1.21 1.04, 1.41 0.01

(per 13 years)®

Abbreviations: Cl, confidence interval; HR, hazard ratio; MET, metabolic equivalent; MI, myocardial infarction.

Adjusted for all other risk factors in table.

From 1986 questionnaire.

From 1980 questionnaire.

From 1976 questionnaire; 1 inch = 2.54 cm.

Average of values from 1980, 1984, and 1986 questionnaires.
From 1988 questionnaire.

From 1986 or previous questionnaires.

Q@ - 0 a o T o

disease (HR per 23 kg = 1.25) and other cancers (HR =
1.31), but inversely associated with risk of death from other
causes (HR = 0.85). Current smoking was associated with
increased risk of death from cardiovascular disease (HR vs.
never = 2.02), smoking-related cancers (HR = 1.88), and
other causes (HR = 1.57), but not from other cancers. Total
number of pack-years of smoking was positively associated
with risk of death from all of the causes, but most strongly
for smoking-related cancers (HR per 46 pack-years = 3.54).
Physical activity was most strongly inversely associated
with risk of death from other causes (HR per 33 MET-
hours/week = 0.76). The U-shaped association for alcohol
consumption was observed only for risk of death from car-
diovascular disease (HR for 0.1-9.9 g/day vs. none = 0.72)
and other causes (HR = 0.83). Systolic blood pressure,
use of blood pressure medications, and personal history of
diabetes were positively associated with risk of death
from cardiovascular disease and other causes, but not from
smoking-related cancers or other cancers. Time since men-
opause was positively associated with risk of death from
cardiovascular disease, smoking-related cancers, and other
causes, but inversely associated with risk of death from
other cancers. The hazard ratio for the “worst’ versus the
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Units for continuous variables correspond to the difference between the 90th and 10th percentile values.

“best” risk profile for the modifiable risk factors was 24.14
for cardiovascular disease mortality, 16.02 for smoking-
related cancer mortality, 5.73 for other cancer mortality,
and 12.50 for other cause mortality.

In secondary analyses, we further explored the relation of
height with individual causes of cardiovascular disease mor-
tality, including coronary heart disease (407 deaths), stroke
and cerebrovascular disease (266 deaths), and other cardio-
vascular disease (353 deaths), because of some previous
studies suggesting that height may be inversely related to
incidence of cardiovascular disease (29, 30). In these
models, height was not associated with risk of mortality
from coronary heart disease (HR per 6 inches = 1.04,
95% confidence interval (CI): 0.81, 1.33) or stroke (HR =
1.00, 95% CI: 0.74, 1.36), but was positively associated with
other cardiovascular disease (HR per 6 inches = 1.52, 95%
CI: 1.18, 1.98). This is consistent with an analysis from the
Physicians’ Health Study showing that taller height was
associated with increased risk of venous thromboembolism
but not coronary events or stroke (31).

The results from the final competing risks model obtained
from the stepwise down procedure, in which risk factors
with P gy > 0.10 were set to have equal effects and all other
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Table 4. Associations of Risk Factors With Cause-specific Mortality From the Final Competing Risks Model Among
50,112 Participants in the Nurses’ Health Study, 1986—-2004, Equating Risk Factors With Similar Effects and
Allowing Other Risk Factors to Have Different Effects®

Cardiovascular
Disease (1,026

Smoking-related
Cancers (931

Other Causes
(1,506 deaths)

Other Cancers
(1,430 deaths)

deaths) deaths)
HR® 95% Cl HR® 95% ClI HR® 95% ClI HR® 95% ClI
Age (per 19 years)® 6.92 5.15,9.30 5.18 3.81,7.04 443 3.48,564 8.03 6.29,10.26
Body mass index at age 1.60 140,183 122 104,143 1.14 1.00,1.30 1.06 0.93,1.19
18 years (per 7 kg/m?)°
Weight change since age 124 1.09,142 094 080,110 132 1.17,150 0.84 0.74,0.96
18 years (per 23 kg)®
Height (per 6 inches)® 1.16 (1.08, 1.24)
Smoking status®
Never 1.0 Referent 1.0 Referent 1.0 Referent 1.0 Referent
Past 0.96 0.80,1.15 1.03 0.83,127 0.96 0.83,1.10 1.04 0.90,1.21
Current 204 162,256 1.88 148,239 1.08 0.88,1.32 156 1.29,1.88
Smoking amount/duration 156 1.30,1.87 354 3.02,4.16 162 137,192 200 1.73,2.31
(per 46 pack-years)®©
Physical activity (per 33 0.88 0.75,1.03 0.97 0.83,61.13 0.91 0.81,1.04 0.76 0.66,0.87
MET-hours/week)®
Alcohol intake, g/day®
None 1.0 Referent 1.0 Referent 1.0 Referent 1.0 Referent
0.1-9.9 0.72 0.63,0.84 1.03 0.88,121 1.04 092,118 0.82 0.73,0.93
10-29.9 0.73 0.60,0.90 0.97 0.80,1.18 1.15 0.98,1.36 0.82 0.70,0.96
>30 1.04 081,133 1.09 083,140 1.07 0.81,137 095 0.77,1.18

Nut consumption,
servings/week®

None
<1
>2

Polyunsaturated fat 0.78
(per 3% energy)f

0.67,0.92 0.97

1.0 (Referent)
0.92 (0.87, 0.98)
0.86 (0.77, 0.95)

0.83,1.14 089 0.78,1.02 0.77 0.68,0.88

risk factors had different effects across specific causes of
death, are shown in Table 4. Consistent with the results from
the original Cox proportional hazards model for all-cause
mortality (Table 2), taller height, higher glycemic load,
higher dietary cholesterol, and parental myocardial infarc-
tion before age 60 years were associated with increased risk
of death from all causes, whereas greater nut consumption
and cereal fiber intake were associated with decreased risk.
Although polyunsaturated fat intake was inversely associ-
ated with death from all causes, we maintained its separate
associations with different causes of death because the P gt
in the final competing risks model in Table 4, after equating
the effects of other risk factors, was less than 0.10.

To evaluate the performance of the final competing risks
model in Table 4, we first examined the area under the curve
(AUC or C statistic) with an approach described by Chamb-
less and Diao (28), which uses recursive calculation over the
ordered time of events, analogous to the Kaplan-Meier ap-
proach to survival function estimation. The AUC for the
standard Cox proportional hazards model for all-cause mor-
tality (Table 2) was 0.74 at 5 years, 0.75 at 10 years, and

Table continues

0.76 at 15 years into the follow-up period; these values were
almost identical for the final competing risks model in Table
4, indicating similar discriminatory accuracy.

Because the C statistic may not be very sensitive to
change for time-to-event data (32), we also used likelihood
ratio tests to compare the models. The difference in the log
likelihoods of the Cox proportional hazards model for all-
cause mortality (Table 2) and the final competing risks
model (Table 4) was 652.96 (df = 54; P < 0.0001), indicat-
ing a significant improvement with the competing risks
model. The fit of the final competing risks model (Table
4) was not significantly different from that of the initial full
model (Table 3) (difference in log likelihoods = 13.14, df =
21, P = 0.90).

DISCUSSION

Our findings confirm those from other studies, showing
strong and significant associations between lifestyle and di-
etary factors and risk of mortality in middle-aged women
(1-5, 23, 24, 33-40). Having a low body mass index at age
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Table 4. Continued

Cardiovascular
Disease (1,026

Smoking-related
Cancers (931

Other Causes
(1,506 deaths)

Other Cancers
(1,430 deaths)

deaths) deaths)
HR® 95% ClI HR® 95% ClI HR® 95% ClI HR® 95% Cl
Glycemic load 1.22 (1.12,1.34)
(per 41 units)’
Dietary cholesterol (per 1.17 (1.09, 1.26)
105 mg/1,000 kcal)’
Cereal fiber (per 4 g, 0.84 (0.78, 0.91)
energy adjusted)’
Systolic blood pressure,
mm Hg®
<120 1.0 Referent 1.0 Referent 1.0 Referent 1.0 Referent
120-139 126 1.06,148 087 0.75,1.02 1.02 0.90,1.15 1.03 0.91,1.17
140-149 1.73 142,210 099 081,122 1.09 092,129 126 1.07,1.47
150-159 1.80 136,239 134 097,184 119 091,157 142 1.11,1.81
>160 260 192,351 125 0.82,193 1.04 0.70,156 1.31 0.95,1.80
Use of blood pressure 157 136,182 096 0.79,1.16 1.00 0.86,1.16 1.23 1.08, 1.41
medications®
Personal history of 3.31 270,406 1.18 0.80,1.74 128 0.95,1.71 3.60 297,4.34
diabetes"
Parental MI before age 1.14 (1.06, 1.22)
60 years"
Time since menopause 133 111,159 121 1.00,148 090 0.76,1.07 1.21 1.04,1.41

(per 13 years)®

Abbreviations: Cl, confidence interval; HR, hazard ratio; MET, metabolic equivalent; MI, myocardial infarction.

Adjusted for all other risk factors in table.
From 1986 questionnaire.

From 1980 questionnaire.

From 1976 questionnaire; 1 inch = 2.54 cm.

From 1988 questionnaire.
From 1986 or previous questionnaires.

T Q - o o o T 9

18 years, minimizing weight gain during adulthood, not
smoking or decreasing the amount of smoking, and engag-
ing in physical activity are associated with lower overall
mortality risk. Small-to-moderate amounts of alcohol and
larger amounts of polyunsaturated fats, nuts, and cereal fiber
also are related to lower mortality, whereas higher choles-
terol intake and higher glycemic load are associated with
greater mortality. Additional factors such as taller height,
high systolic blood pressure and use of blood pressure med-
ications, personal history of diabetes, and earlier menopause
also may contribute to increased mortality risk. Women with
the “worst™ risk profile for modifiable lifestyle and dietary
factors have more than 12 times greater risk of all-cause
mortality compared with those having the “best” risk
profile.

From a methodological standpoint, there are several ad-
vantages to using competing risks survival analysis to ana-
lyze the composite endpoint of all-cause mortality. Unlike
Cox proportional hazards regression, in which risk factors
are constrained to have common associations with all com-
ponents of the outcome, this method allows for some risk
factors to have different associations with different causes of
death. In contrast to polytomous logistic regression (26), the

Am J Epidemiol 2011;173:319-329

Units for continuous variables correspond to the difference between the 90th and 10th percentile values.

Average of values from 1980, 1984, and 1986 questionnaires.

survival analysis approach offers precise incorporation of
censoring times, direct estimation of relative hazard ratios,
and the use of stratification to accommodate heterogeneity
in the effects of age and/or time (31). As we have shown,
likelihood ratio tests can still be used in the setting of com-
peting risks survival analysis to evaluate heterogeneity, and
various measures can be used to examine discriminatory
accuracy. Previous analyses in this cohort have focused pri-
marily on examining the effect of a single risk factor on
mortality, rather than developing a more comprehensive
model that incorporates the effects of multiple risk factors.
The major advantage of the competing risks approach is that
the effects of each risk factor can be estimated and formally
compared across different causes of death; then, based on
these comparisons, a single model for all-cause mortality
can be developed in which risk factors can have different
or common effects across specific causes of mortality.
This study also has several limitations. We did not update
risk factors in the competing risks model, using only par-
ticipants’ risk factor status at the beginning of the follow-up
period, which would attenuate associations. We made this
decision to avoid the possibility of clinical or subclinical
disease affecting risk factor status. However, using repeated
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exposure assessments and focusing on a single outcome
would be more powerful for addressing possible causal
associations, which has been done in this cohort previously
(39). Restriction of the population to nurses could reduce
the generalizability of the results, but it also controls for
socioeconomic status. Moreover, important strengths of
this population are the excellent follow-up rate and high-
quality data on risk factors. Although a large number of
participants in the original cohort were excluded because
of missing or incomplete data on diet or other risk factors,
the mortality risk over the 18-year follow-up period among
all participants who returned the 1986 questionnaire
(12.7%) was very similar to the risk among those with
complete data on diet and other risk factors (11.7%), sug-
gesting that selection bias is not a major issue. Finally,
although we examined the internal validity of our model,
we did not validate it in an external population. This would
be an important next step before the model can be used for
risk prediction.

In summary, this study showed that many lifestyle and
dietary factors are related to risk of mortality in middle-aged
women, and the associations for some risk factors differ
according to type of mortality. We developed a competing
risks model for all-cause mortality and found that it had
a significantly better fit compared with a standard model
in which all of the risk factors had common associations
across all causes of death. In the future, this new model
may be used to identify individuals at increased risk of
mortality.
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