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To examine the interrelationships of cigaretie smoking, relative weight, and
the occurrence of natural menopause, the aithors prospectively evaluated the
experiente of 66,663 female US registered nurses who were premenopausal
in 1976. Over a two-year period, 5004 women became post-menopausal. Cur-
rent smokers were more likely than past or never smokers to develop
menopause, although the efiects of smoking diminished with age. The rate
ratios of menopause for current smokers vs. never smokers {with 95% confi-
dence limits) for women aged 3039, 40-44, 45-49, and 50-55 years were 1.90
(1.10-3.28), 2.16 (1. 73-2.69), 1.53 (1.41=1. 67), and 1.20 (1.12-1.28). These rate
ratios were not appreciably affected by adjustment for relative weight. Median
ages at menopause were 52.4 for never smdkers and 51.9, 51.0, 50.7, and 50.4
years for women who currently smoked 1-14, 15-24, 2544, and 35 or more
cigarettes per day. A crude linear relationship between relative weight and
occurrence of menopause was observed. Comparing the leanest and
heaviest quintiles, rate ratios for menopause among women aged 30-39,
40-44, 45-49, and 50-55 years were 1.42 (0.74-2.75), 1.26 (0.95-1.69), 1.25
(1.13-1.41) and 1.08 {0.99-1.19). The effect of relative weight was in par ex-
plained by the tendency of current smokers to weigh less than nonsmokers.
Atter adjustment for current clgarette consumpﬂon aweak linear relationship
between relative weight and menopause remained among women who
smoked, although no such association was seen among nonsmokers.
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In several case-control studies, ciga-
rette smoking (1-4) and lean body build
(6, 6 have been found to predict early
menopause. Whether both cigarette
smoking and premenopausal weight, are
independent determinants of menopause
has not been fully assessed. Smokers gen-
erally are thinner than nonsmokers (7),
and it is not clear whether they have an
earlier menopause because they are rela-
tively lean or because they smoke. The
importance of identifying factors related
to menopause extends beyond this imme-
diate event since such factors are also
likely to be related to the incidence of
hormonally dependent tumors such as
breast cancer, which is known to be as-
sociated with age at menopause.

Previous studies have generally uti-
lized data on smoking and body build
collected some years after menopause,
raising the question whether the event al-
tered smoking behavior and anthropo-
metric variables or their recall. The
collection of information on smoking,
weight, height, and menopausal status for
alarge group of women in 1976 and again
in 1978 afforded the opportunity to exam-
ine the interrelationships of these vari-
ables in prospective data.

MATERIALS AND METHODS

All married, female registered nurses
aged 30-55 years in 1976 and residing in
11 of the larger states of the United
States were identified from a computer
tape provided by State Boards of Nursing
and the American Nurses' Association. In
1976, these women were mailed ques-
tionnaires requesting information on var-
ious health related items including
whether or not their menstrual periods
had ceased permanently. The overall
study has been described elsewhere (8).

Of the 121,964 women who completed
the questionnaire, 78,678 indicated that
their menstrual periods had not ceased
permanently. Of those women who were
initially premenopausal, 69,906 (89 per
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cent) responded to a two-year follow-up
questionnaire in 1978. At that time, we
again inquired whether a woman’s men-
strual periods had permanently ceased
and a positive response was defined as
an incident menopause. Smoking status
was determined by responses to the 1976
questionnaire. Women were classified as
current, past, or never smokers as of
that time and were further categorized
by number of cigarettes smoked per day
and age of starting. A relative weight
score was determined from weights and
heights reported in 1976 by ranking
women according to weight for each inch
of height and year of age. Every woman
was assigned a percentile score within
each height and age category.

Among respondents to the 1978 ques-
tionnaire, 2864 reported a surgical
menopause, 23 were postmenopausal due
to radiation therapy, and 356 did not re-
port their current menopausal status. The
remaining 66,663 women who were pre-
mencpausal in 1976 and who completed
the 1978 questionnaire are the basis of
the present analysis.

Two-year cumulative incidence rates of
menopause were computed for exposure
categories. To assess the relationships of
exposure with menopause, we calculated
rate ratios with 95 per cent confidence
limits (9) and rate differences (attribut-
able risks). Chi-square tests for trend,
with and without the Mantel extension
for stratified data (10), were used to as-
sess the effect of increasing levels of
smoking and relative weight. Rate ratios
within categories of potential confound-
ing variables were summarized using a
maximum likelihood method (10) or di-
rect standardizatior. Life table analysis
was used to determine median age at
menopause, and multiple logistic regres-
sion (11) was employed to examine the
simultaneous elfects of several variables
on rates of menopause. Since few younger
women ceased menstruating during two
years of follow-up and the overall effects
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of smoking ang obesity were minimal
among women over 50 years of age, a
number ¢/ detailed analyses were re.
stricted to women 40— 49 years old. When
data were incomplete for one or more
variables, the total number of worhen in
the tables is slightly less than 66,663.

ResuLrs

During the two years of follow-up, 5004
(7.5 per cent) of the 66,663 premeno-
pausal women became postmenopausal,
and cutrent smokers were more likely
to cease menstruating than these who
had never smoked (table 1), Although
the effect of smoking, as indicated by
rate ratios, diminished with age (table
1), rate differences for current smokers vs,
never smokers increased markedly with
age because age itself is the strongest de-
terminant of menopause (figure 1). Me-
dian ages at menopause derived from life
table analyses were 52.4 years for never
smokers and 51.9, 51.0, 50.7, and 50.4
years, respectively, for women smoking
1-14, 1524, 25-34, and 35 or mare cig-
arettes per day.

As in previous studies, current smokers
tended to be leaner than those who had

stopped or never smoked. For example,
23.1 per cent of current smokers were in
the lowest quintile of relative weight in
contrast to 18.1 pér cent of never smokers
and 17.3 per cent of ex-smokers. To de-
termine whether smoking was indepen-
dently related to incidence of menopause,
we examined this relationship within
each quintile of relative weight. Within
each level of relative weight, current
smokers were more likely to cease men-
struating than never smokers, and the
summary rate ratios adjusted for rela-
tive weight were all close to the crude
values (table 1). Among current smokers
aged 40—49 years, for whom there was a
substantial overall relationship between
smoking and menopause incidence, the
incidence of menopause was strongly re.
lated to the number of cigarettes smoked
daily (figure 2), ‘

The probability of menopause among
ex-smokers was, overall, only slightly
greater than among never smokers and
this increase was not statistically signifi-
cant except in womgn 40—44 years of age.
To determine whether women who re-
cently stopped smokirg experienced a re-
sidual effect from the previous use of ciga-

TaBLE 1

Two-year age-specific incidence o) menopause by smoking status among a sample of female US nurses
initially surveyed in 1976

Age Smoking Total Incid Rate ratios (95% confidence )imits)

(vears) status women  menopause Crude Adjusted*.

30-39  Currentsmoker 10,717 29 180 (1.10,3.28) 1.87 (109,323
Ex-smoker 7817 12 107 (0.53, 2.16) 108 (064,218
Never smoker 15,477 22 1.00t 100t

40-44  Currentsmoker 5214 194 216 (1.73, 2.69) 213 (171,266
Ex-smoker 3968 91 133 (102 1.74) 133 (1.02,1.15)
Never smoker 6788 117 1.00t 1.00t

45-49  Currentsmcker 3681 B69 153 (1.41, 1.67) 149 (136, 1611
Ex-smoker 3019 179 1.03 (0.93,1.14 103 093, 119
Never smoker 5083 782 1.00t . 1.00t

50-55  Current smoker 1161 679 120 (1.12,1.28) 119 .12, 128
Ex-smoker 1170 597 1.04 0.97,1.12) 1.04 .97, 112
Never smoker 227 1112 1.00t 1.00%

* Maximum likelihood summaries of rate ratios from data stratified by categories of relative weight.

1 Reference categories.
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RATE DIFFERENCE
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30-39 40-44 45-49
AGE

Ficure 1. Differences in rates of menopause
among a sample of female US nurses. Current
hers ve. never smokers are indicated by the solid
line and lowest relative weight quintile vs. heaviest
relative weight quintile by the interrupted line.
Rates are crude two-year cemulative incidence rates
per 1000 women.

L
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rettes, we examined the probability of
menopause among ex-smokers 40-49
years of age according to the number of
years since they had stopped smoking. Inl-
dividuals who have recently stopped

20 f'—

RATE RATIO
-

1524 25-34 B+
CIGARETTES PER DAY

FiGure 2. Rate ratios for menopause by numbefr
of cigarettes smoked per day among & sample of
female US nurses who were aged 4049 years in
1976. x* trend, Mantel extension = 23.8, p < 0.001.

1-t4

i NEVER

WILLETT ET AL Cua,

P

.

smoking have a high probubility of start-
ing to smoke again, and an apparent re-
sidual effect of smoking could actually be
due to the resumption of smoking. To
minimize such a spurious effect, we re-
stricted this analysis to ex-smokers in
1976 who continued to be ex-smokers on
the two-year follow.up questionnaire
{table 2). Women who had recently stopped
smoking were found to have an ele-
vated probability of menopause, although
still somewhat lower than the rate among
current smokers (x* trend, Mantel exten-
sion = 3,88, p < 0,05), The age of starting
to smoke had no material relationship
with probability of menopause when ad-
justed for number of cigarettes currently
smoked (x* trend, Mantel extension = 0.32).

Women in the lowest quintile of rela-
tive weight were more likely 1o become
postmenopausal than those in the highest
quintile (table 3). As with smaking, the
rate ratio tended to approach unity with
increasing age, although rate differences
markedly increased (figure 2), To deter-
mine the effect of smoking on the re-
lationship between relative weight and
menopause, this relationshib was exam-
ined among categories of smoking (never
smoker, ex-smoker, 1-14, 15-24, 25-34,
and 35+ cigarettes per day). The sum-
mary rate ratios adjusted for smoking
were somewhat closer to one than the un-
adjusted values, indicating that smoking
explains some, but not all the association
with relative weight. Among smokers
aged 40~-49 years, the incidence of men-
opause decreased regularly with increas-
ing relative weight, while among wom-
en who never smoked, no such gradient
was observed (table 4). Even when the
extreme tenth and fifth percentiles of
relative weight were examined among
never smokers, there was no evidence of
an increased rate of menopause among
the leanest women.

We also considered the possibility that
the relationships between smoking or rel-
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TaBLE 2
Relationship betuwcen the number of years since last smoked among ex-smokers and the jmmlm« of

menopause among a sample of female US nurses who were aged 40-49 years in 1976 and who uere
also nonsmokers in 1978

Age

Years since last smoked

(years) Never 15+ 10-14 5-9 2-4 <2
40-44 Tatal women 6740 930 1015 958 440 293
Incident menopause 114 22 20 16 13 12

45-49 Total women 5042 1006 125 663 255 190
Incident menopause 777 152 102 112 40 37
Age-standardized rate ratios® 1.00 1.03 095 1.08 1.1 1.41

Mdntel extension chi-square test for trend among ex-smokers = 3.88, p < 0.05.
* Rate ratios are directly standardized using the age distribution for never smokers.

ative weight and menopause might be
spurious because these exposures were
associated with other determinants of
meénppause. Neither age at menarche,
height, nor history of hypertension or di-
abetés were associated with age-specific
rates of menopause. Although the rate of
menopause was higher in nulliparous
than in parous women, nulliparity was
not haterially associated with smoking or
obesity, so that adjustmant for its effect
did not affect the other associations. The
independent effects of current smoking,
number of cigarettes smoked daily, rela-
tive weight (in quintiles) and nulliparity
were confirmed in a multiple logistic re-

gressior. analysis (table 5). A eross-
product term representing the interaction
between current smoking and relative
weight did not attain statistical signifi-
cance when added to the model.

DiscussioN

In these data, both cigarette smoking
and low relative weight are indepen-
dently associated with higher rates of
menopause. However, the effect of rela-
tive weight is essentially limited to smok-
ers, so that at all ages lean smokers expe-
rience the highest rate of menopause. The
effects c¢f both smoking and relative
weight as estimated by rate ratios di-

Taete 3

Two-year incidence of menopause by extreme quintiles of relative weight among a sample of female
US nurses initially sampled in 1876

Age Weight Tatal Incident Rate ratios (95% confidence limits)

(years) quintile wOmeR  menopause Crude Adjusted*
30~-39 Lean 6543 21 1.00t 1.00t

Heavy 6633 15 0.70 (0.36, 1.36) 0.7 (0.36, 137
40-44 Lean 3159 101 100t 1.00t

Heavy 3085 78 0.79 (0.59, 1.06) 0.88 (0.65, 1.18)
45-49 Lean 2338 461 1.00t 1.00%

Heavy 2331 367 0.80 (0.71,0.99) 0.85 (0.75,097)
50-56 Lesn 803 427 1.00t 1.00t

Heavy 958 470 0.92 (0.84,1.0D) 094 (0.86.1.00)

* Maximum likelihood summaries of rate ratios adjusted for categories of smoking (never smoker, past
smoker, and 1-14, 15-24, 35+ cigarettes per day).
t Reference category.

'
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Rate ratios for mencpause by quintile of relative weight among a sumple of corrently and
never <r-wking female US nurscs aged 40~49 vears in 1976

Quintile of pelative weight

H 2 3

Chl-muai‘ed Irend,

4 4 p-value
Mean height lin.* 645 646 645 635 645 Mantel extension
Mean weight (1bs.* 1367 1279 136.8 1487 1817
Rate ratiost
Current smokers 1.00¢ 1.03 0.90 0.80 0.75 18.1 <0001
Never smokers 1.00¢ 0.88 0.96 0.88 0.89 1.17 03

*Lin. = 00254 m.; 1 lb. = 0.454 kg.

t Rate ratios are directly standardized for age (40- 44, 45-49 years) and, smong smokers, for numbers
of tigarettes smoked daily (1=14, 15-24, 25-34, 35+).

{ Reference cetegory.

minish with increasing age. This observa-
tion is compatible with the knowledge
that inherent biologic determinants of
menopause become relatively more im-
portant at older ages. However, the abso-
lute effects of smoking and relative
weight as measured by rate difference,
which may better reflect the overall pub-
lic bealth implications of these exposures,
actually increase with advancing age.
The relationship between smoking and
occurrence of mencpause in this prospec-
tive follow-up study has been noted in
mott previous case-control studies (1-4),
although not all (12). However, these
studies were not consistently able to de-

tect a dose-response relationship between
the number of cigarettes smoked per day
and probability of menopause.

In contrast to smoking, the effect of rel-
ative weight observed in our data was
weak and partly explained by the ten-
dency of smokers to have a lower relative
weight than nonsmokers. In cross-
sectional data from the US National
Health Examination Survey, MacMahon
and Worcester (5) noted that thicker
triceps skin folds were associated with a
later age at menopause, hut they provided
no information on smoking. Sherman et
al. (6) reported that, for women under
age 50 years, those having nn zzily

TABLE §

Multiple logistic regression analysis of menopausal determinants armong a sample of female US nurses
aged 40-49 years in 1976

Variables* n::'e ssion o?eeﬂ'r::)n t (955 Rf‘f m“:imiuw
Constant -22.771 (20.449)
Age 0.449 (=0.0101
Current smoking 0.610 (20.052)% 1.84 (1.66, 209
Ex-smoking 0.095 (=0.059)¢ 1.1010.98, 1.23)
Quantity smoked 0.18 (£0.037)¢
Relative weight -0.052 (200161t
Nulliparity 0.377 1£0.076% 1.46 (1.25. 1.69)

* Cat.cgon of variables are: ﬁge—40. 41,...,49 years; current smoking—no = 0, yes = J; ex-smoking—
no =9, yes = 1; quantity smoke«j—l-ld cigarettesdaily = 1,15-24 = 2,25-34 = 3, 35} = 4 {the weighted
average for these categories of Guantity smoked was 2.1 0 that deviations from this can be used to modify

the overall effect of current smoking); relative weight—leanest quintile = 1, ., .

liparity—parous = 0, nulliparous = 1.
1 p < 0.001.

, heaviest quintile = 5; nul-

$ For dichotomous variables only, estimated as odds ratios from exponentisted regression coeflicients.

h
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menopause tended to have been leaner at
age 18 years. Again, cigarette smoking
was not considered in the analysis. Al-
though the women in our study exhibited
considerable variation in weight ttable 4),
it is possible that a stronger effect of rela-
tive weight might be observed among
women with more extreme degrees of
leanness than are found in a general US
population. A greater real effect of rela-
tive weight could alse have been reduced
if the self-reporting of weight and height
were inaccurate, resulting in misclassifi.
cation of exposure. However, we actually
weighet! (using a digital bathroom scale)
184 study participants living in the
greater Boston area 6-12 months after
they completed the self-administered
questionnaire. Although the measured
weights averaged 1.5 kg (3.3 Ibs) higher
than the self-reported weights, these
weights were highly correlated (r = 0.98),

Since menopause does not have a spe-
cific date of onset or diagnosis and women
in this study were asked to determine
themselves whether their menstrual pe-
riods had ceased, it is possible that lack of
a stromnger association with relative
weight could result from misclassification
if a substantial number of women who re-
ported permanent cessation of their
menstrual periods had not really stopped
menstruating. To examine this possibil-
ity, we analyzed the responses of 608
women who first reported the permanent
cessation of menstrual periods in 1978
and we compared theit responses then to
those they gave to the same question re-
garding cessation of menstrual periods on
a second follow-up questionnaire in 1980.
A total of 595 (98 per cent) of these women
remained postmenopausal after an addi-
tional two years, substantiating the aceu-
racy of their original report.’

The mechanism by which smoking is
related to earlier menopause has not been
established. Aromatic hydrocarbons con-
tained in cigarette smoke may destroy

[

primordial cocytes and thus hasten the
onset of menopause {13), Qur finding of a
residual effect of smoking among women
who recently stopped is compatible with
this hypothesis. However, smoking may
accelerate avarian involution and aging
in general, perhaps as a result of in.
creased oxidation of cell membranes
caused by combustion products such as
nitrogen dioxide (14).

The consistency of our prospective find-
ings with previous studies of menopause,
the presence of dose-response relation.
ships, and the failure to explain these ob-
servations on the basis of other poten-
tially confounding variables all suggest
that the associations of both cigarette
smoking and relative weight with men-
opause are causal. Further support for
the causal nature of these relationships
may come from studies of the biologic
mechanisms whereby smoking and rela-
tive weight are associated with men-
opause, particularly those which examine
the relationships between smoking &nd
levels of estrogen and gonadotropins.
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