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Weight Cycling, Weight Gain, and Risk of Hypertension in Women

Alison E. Field," Tim Byers,2 David J. Hunter,'® Nan M. Laird,* JoAnn E. Manson,! David F. Williamson,®

Walter C. Willett,’*® and Graham A. Colditz*

To assess prospectively the relation between body mass index, weight gain, repeated intentional weight
losses, and the risk of self-reported hypertension, the authors studied 46,224 women who were participants in
the Nurses Health Study II, who were free of hypertension in 1993, and who completed questions on intentional
weight losses between 1989 and 1993. Women who reported they had intentionally lost 220 Ibs (9 kg) 23 times
waere classified as severe weight cyclers. Women who had intentionally lost 210 Ibs (4.5 kg) 23 times, but who
did not meet the criteria for severe weight cycling, were classified as mild weight cyclers. Between 1993 and
1995, 1,107 incident cases of diagnosed hypertension were reported. Body mass index and weight gain, but not
weight cycler status, were independently associated with the development of hypertension. For each 10 Ib (4.5
kg) gain in weight between 1989 and 1993, the risk of hypertension increased 20% (odds ratio (OR) = 1.20, 95%
confidence interval (Cl) 1.15, 1.24). After adjustment for body mass index and weight gain, the risks associated
with mild weight cycling (OR = 1.15, 95% CI 1.00, 1.33) and severe weight cycling (OR = 1.13, 95% CI 0.79,
1.61) were small and not significant. Thus, the results of this study offer support for the current weight guidelines
and provide further evidence of the health risks associated with excessive weight and weight gain. However,
these data do not suggest an independent effect of weight cycling on risk of hypertension. Am J Epidemiol

1999;150:573-9.
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Obesity is a risk factor for cardiovascular disease (1,
2) and total mortality (3). Moreover, excessive weight
and weight gain increases the risk of developing hyper-
tension (4, 5) and exacerbate existing hypertension
(6-9). The combination of the severity of the conse-
quences of excess weight coupled with the fact that
approximately 24.7 percent of all US adult women are
overweight (defined as body mass index (BMI) (kg/m?)
25-29.9) and an additional 24.9 percent are obese
(defined as BMI 230) (10), make excess weight a major
public health problem in the United States. Although
approximately 40 percent of adult women are trying to
lose weight (11), currently there is no consistently
effective treatment, other than sustained changes in
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dietary intake and physical activity, to reduce weight
and maintain the loss. Therefore, intentional weight
losses are rarely sustained (12, 13). Despite being of
great public health importance because of the number
of people affected, the health consequences of repeated
intentional weight losses are not well understood.

In the early 1990s, several studies (14—-17) reported
that weight loss(es) and weight cycling (i.e., weight
loss and regain) were associated with increased health
risks. Although most of the early studies reported a pos-
itive association between weight cycling and morbidity
and mortality, later studies have not been consistent
(18). However, it is difficult to compare results across
the studies for several reasons. These reasons include
the failure of studies to differentiate intentional versus
unintentional weight loss (19) and the wide range of
weight cycling measures. To assess the effects of
repeated intentional weight losses, we conducted a
prospective analysis of data on adult women who were
participants in the ongoing Nurses’ Health Study II.

MATERIALS AND METHODS

Sample

The Nurses’ Health Study II was established in 1989
and consists of 116,671 female nurses, currently age
33-51 years, who responded to a mailed questionnaire
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about their medical history and life-style and health
behaviors. Follow-up questionnaires were sent to par-
ticipants in 1991, 1993, and 1995. Additional details
have been reported previously (20).

Assessment of risk factors

The questions on weight losses were specifically
designed to address the long-term health consequences
of intentional weight loss. They were developed after
extensive discussion among investigators from the
Nurses’ Health Study, the Centers for Disease Control
and Prevention, and the University of Minnesota. The
questions asked on the 1993 questionnaire included
maximum and minimum weights (excluding illness
and pregnancy-related changes) during the past 4
years, as well as between ages 18 and 30 years; num-
ber of intentional weight loss episodes of varying
magnitude (5-9 lbs (2.25-4.05 kg), 10-19 lbs
(4.5-8.55 kg), 2049 1bs (9-22.05 kg), and 250 lbs
(22.5 kg)) over the past 4 years and between 18 and 30
years; and primary method(s) for weight loss. The
information on intentional weight losses between age
18 years and 1989 was not used in the analysis in this
study. Therefore, we relied on the question, “Within
the last 4 years, how many times did you lose each of
the following amounts of weight on purpose?” The
responses were 0, 1-2, 3—4, 5-6, and 27 times for each
of the magnitudes of weight loss (5-9 Ibs (2.25-4.05
kg), 10-19 1bs (4.5-8.55 kg), 2049 1bs (9-22.05 kg),
and 250 lbs (22.5 kg)). To be consistent with the mag-
nitude of the weight loss required by French et al. (21)
and Williamson et al. (22) in their studies of the rela-
tion between intentional weight loss and disease, we
required that a woman report that she intentionally lost
220 1bs (9 kg) to be considered a weight cycler. To
ensure that the cyclers were women who had repeat-
edly lost weight, we required that women who inten-
tionally lost weight 23 times between 1989 and 1993
be classified as severe weight cyclers. Women who
had intentionally lost =210 lbs (4.5 kg) 23 times
between 1989 and 1993, but did not meet the criteria
for severe weight cycling, were classified as mild
weight cyclers. For example, a woman who lost 220
Ibs (9 kg) twice and 15 Ibs (6.75 kg) once would be
classified as a mild weight cycler. To be classified as a
severe weight cycler, the woman would have to have
lost 220 1bs (9 kg) on each of at least three intentional
weight losses. Women who did not meet the criteria
described above for mild or severe weight cycling
were classified as non-weight cyclers.

Height, weight, and recalled weight at age 18 years
were ascertained in 1989 and current weight was
assessed on each follow-up questionnaire (i.e., 1991

and 1993). The validity of self-reported weight mea-
surements were examined among 140 women, 40-65
years of age, participating in the Nurses’ Health Study
(23). Self-reported and measured weights were highly
correlated (Pearson correlations of 0.97; mean differ-
ence between self-reported and measured weights =
3.3 Ibs (1.5 kg)). Weight change was calculated as the
difference in self-reported weight measurements in
1989 and 1993. To account for the possibility that the
impact of weight change may differ with height, all
statistical models that assessed the impact of weight
change controlled for body mass index. The weight
change variable was not used to define weight cycler
status. The validity of recalled weight at age 18 years
was ascertained in a sample of 118 participants of the
Nurses’ Health Study II (24). Body weight at age 18
years was only slightly underestimated (mean differ-
ence = 3.1 lbs (1.4 kg)) and the correlation between
recalled and measured weight at age 18 years was high
(r=20.87).

Physical activity was assessed with eight activity-
specific questions (walking or hiking, jogging, running,
bicycling, calisthenics/aerobics/aerobic dance/rowing
machine, tennis/squash/racquetball, lap swimming, or
other aerobic recreation), which have been validated in
a sample of National Health Study II participants (25).
The questions asked about the average time per week
during the past year that the woman engaged in specific
activities. Responses to the 1989 and 1991 question-
naires were averaged to give a estimate of long-term
recreational activity level. Alcohol intake was assessed
with a food frequency questionnaire which assessed
diet over the past year (26). Among a sample of Nurses’
Health Study I participants, alcohol intake assessed by
the food frequency questionnaire was highly correlated
with intake assessed from diet records (Spearman r =
0.90) (27).

Diagnosis of hypertension

Clinical diagnosis of high blood pressure was
assessed by self-report on the questionnaires. In 1989,
women were asked whether they had ever been diag-
nosed with hypertension (not including pregnancy-
related hypertension). On subsequent questionnaires,
women are asked whether they had been diagnosed
with hypertension during the past 2 years. To assess
the validity of self-report of hypertension, 100 women,
aged 36-61 years, who were participating in the
Nurses’ Health Study I and who reported a diagnosis
of hypertension were contacted to review their medical
records. Fifty-one women participated in the valida-
tion study. All 51 women had blood pressure values
>140/90 mmHg and 77 percent of the women had
blood pressures >160/95 mmHg (28). Thus, in the val-
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idation sample, the false positive rate was zero. To
assess the false negative rate, blood pressure was mea-
sured in an age-stratified sample of 194 nurses in the
Nurses’ Health Study who lived in the greater Boston
area. Among the 161 women who did not report a diag-
nosis of hypertension, only 7 percent had blood pres-
sures >140/90 mmHg and none were >160/95 mmHg.

Sample for analysis

For this analysis, we excluded women who did not
complete the 1991 (n = 8,226) or 1993 (n = 5,091)
questionnaires, did not report dietary intake (n =
11,499), had experienced a full-term pregnancy
between 1989 and 1993 (n = 25,250), had a history of
diabetes mellitus (n = 966), hypertension (n = 5,820),
or cancer (n = 1,238), did not provide information on
weight loss history (n = 4,820) or weight (n = 2,084),
reported an unintentional weight loss (n = 4,573), did
not provide information on smoking status in 1989,
1991, or 1993 (n = 191), did not provide information
on physical activity in 1989 or 1991 (n = 231),
reported >40 hours per week of vigorous activity (n =
5), or reported an implausible height (n = 212). Women
who did not meet the criteria for mild or severe weight
cycling, but reported 1-2 50 1b (22.5 kg) losses (n =
241) were excluded from the analysis because they had
reported a major intentional weight loss, but did not fit
into any prespecified category. Therefore, 46,224
women remained for analysis.

Statistical analysis

We computed the cumulative incidence of diagnosed
hypertension from 1993 to 1995. Logistic regression
was used to assess whether mild or severe weight
cyclers were more likely than non-cyclers to develop
hypertension by 1995, independent of body mass index
in 1989, weight gain from 1989 to 1993, smoking
(never, past, current), age, alcohol intake, and hours per
week engaged in physical activity. The effect of weight
cycling was assessed in three ways. One analytic
approach entailed entering weight cycler status as two
indicator variables in a logistic regression model with
body mass index in 1989 and weight change from 1989
to 1993 treated as continuous variables. To assess
whether the risk of hypertension increased monotoni-
cally, in another analytic approach weight change was
entered as a series of mutually exclusive variables (e.g.,
weight gain of 5-10 Ibs (2.25-4.5 kg), weight gain
10.1-15 1bs (4.54-7.75 kg), etc.) and weight cycler sta-
tus was entered as indicator variables. In addition, to
assess whether the effect of weight change varied by
weight cycler status, separate logistic regression mod-
els were run for each weight change group (i.e., gained
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>10 Ibs (4.5 kg), gained 5-10 Ibs (2.25-4.5 kg),
remained within 5 lbs (2.25 kg), or lost >5 lbs (2.25
kg)). In these models, two dichotomous variables for
weight cycler status (e.g., mild cycler and severe
cycler) were included as covariates.

RESULTS

At the beginning of follow-up (i.e., 1993) the mean
age of the women in this cohort was 39 years (range
28-48 years). Over 2 years of follow-up, 1,107 (2.4
percent) women were newly diagnosed with hyperten-
sion. In 1989, when the cohort was established, the
mean (standard deviation) body mass index of the
women was 23.9 (4.7). Between 1989 and 1993, the
mean weight change among women in the cohort was a
7.5 (12.7) Ib (3.37 (5.7) kg) gain. During the same 4-
year period, approximately 78 percent of the women
intentionally lost weight at least once and 41 percent
made 22 intentional weight losses of at least 5-9 Ibs
(2.25-4.45 kg). Approximately 1.4 percent (n = 654) of
the women reported that they intentionally lost 220 lbs
(9 kg) 23 times (severe weight cyclers). An additional
18.9 percent (n = 8,735) reported that they had inten-
tionally lost 210 Ibs (4.5 kg) 23 times, but did not meet
the criteria for severe weight cycling (mild weight
cyclers). Mild weight cyclers comprised women who
had made repeated moderate weight losses (i.e., 10~19
Ibs (4.5-8.55 kg), as well as women who had made 1-2
large intentional losses (i.e., 220 lbs (9 kg)) in addition
to moderate weight losses. Despite the repeated weight
losses, severe weight cyclers gained more weight
between 1989 and 1993 than mild weight cyclers, who
gained more weight than non-weight cyclers (mean
change 15.6 lbs (7 kg) vs. 9.1 Ibs (4.1 kg) vs. 6.9 1bs
(3.1 kg), p < 0.001) (table 1).

In addition to having gained more weight over the 4-
year period, the severe weight cyclers were heavier
than their mild weight cycling and non-cycling peers at
age 18 years (mean BMIs 24.0 vs. 22.7 vs. 20.8,
respectively, p < 0.0001) and in 1989 (mean BMIs
29.8 vs. 27.1 vs. 23.0, respectively, p < 0.0001), had
gained more weight between age 18 years and 1989
(34.7 Ibs (15.6 kg) vs. 26.1 1bs (11.7 kg) vs. 13.6 lbs
(6.1 kg), p < 0.0001), and consumed less alcohol
(mean grams per week: 2.4 vs 2.7 vs. 3.4, p < 0.0001).
In addition, severe cyclers reported that they engaged
in more physical activity than non-weight cyclers
(mean hours per week: 4.8 vs. 4.3, p < 0.01) and both
mild and severe cyclers were more likely than non-
weight cyclers to be past smokers (27.7 percent vs.
26.0 percent vs. 23.2 percent, p < 0.001 and p < 0.05,
respectively) or current smokers (13.2 percent vs. 12.1
percent vs. 10.8 percent, p < 0.001 and p < 0.01,

respectively).
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TABLE 1. Agse, weight, welght change, alcohol intake, and actlvity level of weight cyclerst and non-
welght cyclers among 46,224 US nurses: the Nurses' Health Study Hl
No ht Mild Severs
Characterisi ovciers woight wolg
(n = 36,835) (n=8,735) (n= 654)
Age (years), mean (SE%) 39.2 (4.3) 39.3 (4.4) 39.6 (4.3)*
BMIf (kg/m?) at age 18 years,§ mean (SE) 20.8 (2.8) 22,7 (3.9) 24.0 (4.6)**
BMI (kg/m?) in 1989, mean (SE) 23.0 (4.1) 27.1 (5.2) 29.8 (6.3)***
Weight (Ibs) change from age 18 years to 1989,
mean (SE) 13.6 (19.8) 26.1 (27.5) 34.7 (34.4)%*»
Weight (Ibs) change, 19891993, mean (SE) 6.9 (10.6) 9.1 (18.3) 15.6 (24.3)%**
Alcohol (g/week), mean (SE) 3.4 (8.4) 2.7 (5.6) 2.4 (6.4)%**
Current smokers (%) 10.8 12.1+* 13.2#*
Former smokers (%) 232 26.0** 27.7%*
Mean hours/week engaged in physical activity,
mean (SE) 4.3 (4.6) 44 (4.8) 4.8 (5.6)*
Mean hours/week engaged In vigorous activity,
mean (SE) 1.6 (2.6) 1.7 (2.7) 1.9 (3.2)

* p S 0.05 compared with non-weight cyclers.
** p < 0.01 compared with non-weight cyclers.
**+ p < 0.0001 for each comparison.

1 Severe weight cyclers reported that they had intentionally lost 220 Ibs three or more times between 1989
and 1993. Mild weight cyclers reported that they had intentionally lost 210 Ibs three or more times between1989
and 1993, but did not meet the criteria for severe weight cycling. 1 Ib = 0.45 kg.

1 SE, standard error; BMI, body mass index.

§ A total of 226 people were missing information on weight at age 18 years (n = 172 non-weight cyclers,
n = 48 mild weight cyclers, and n = 6 severe weight cyclers).

In categorical analyses, the risk for hypertension
increased linearly with both baseline body mass index
and weight gain (data not shown). Therefore, both vari-
ables were modeled as linear covariates in the final
model. The risk of being diagnosed with hypertension
increased 12 percent with each one unit increase in
body mass index at baseline (age-adjusted relative risk
(RR) = 1.12, 95 percent confidence interval (CI) 1.11,
1.13) (table 2). In other words, a woman with a body
mass index of 25 was 12 percent more likely than a
woman with a body mass index of 24 to report being
diagnosed with hypertension. Moreover, for each 10 1b
(4.5 kg) change in weight between 1989 and 1993, the

risk of hypertension increased 30 percent (age-adjusted
RR = 1.30, 95 percent CI 1.25, 1.35) (table 3). The
effect of weight gain was not attenuated when height
was added to the statistical model, nor did height have
an independent association with risk of hypertension
(data not shown). In addition, mild weight cyclers (RR =
1.89, 95 percent CI 1.66, 2.16) and severe weight
cyclers (RR =2.94, 95 percent CI 2.10, 4.11) were at a
significantly increased risk of hypertension, indepen-
dent of age, compared with non-weight cyclers.

After controlling for body mass index at baseline
and weight change between 1989 and 1993, as well as
physical activity, age, smoking, and alcohol intake, the

TABLE 2. Risk of developing hypertension between 1993 and 1995* among 46,224 US female nurges:

the Nurses’ Health Study Il

Hstic Age-adjusted Fully adjustedt
RRt 85% Clt RR 85% Cl
Age (per 5-year increass) 1.41 1.31, 1.51 1.29 1.20, 1.49
BMIt in 1989 1.12 1.11,1.13 1.1 1.10, 1.12
Weight gain 1989—1993 (per 10 Ibs§ gain) 1.30 1.25,1.35 1.20 1.15, 1.24
Mild weight cycler 1.899) 1.66, 2.16 1.15 1.00, 1.33
Severe weight cycler 2.949 2.10, 4.1 1.13 0.79, 1.61

* n= 1,108 incident cases of hypertension.

1 RR, relative risk; Cl, confidence interval; BMI, body mass index.
1 Analyses adjusted for variables listed in the table, as well as activity level, smoking status, and alcohol intake.

§11b = 0.45 kg.

1l The effects of mild and severe weight cycler status were assessed in the same model.
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TABLE 3. Risk of developing hypertension between 1993 and 1995* among 46,224 US female nurses: the Nurses' Health Study It

Non- t ers Mid ht rs Severe weight ers
welght change (0= %53 P S\
19891693t Cases RRS§ Cases RR 95% CI§ Cases RR 95% CI§
Gained >10 lbs 323 1.009 177 1.16 0.96, 1.40 25 1.36 0.88,2.10
Gained 5.1-10 Ibs 142 1.001| 46 1.30 0.90, 1.87 4 1.13 0.38, 3.38
Remained within 5 lbs 232 1.00] 74 1.25 0.93, 1.68 8 1.76 0.81, 3.84
Lost >5 |bs 753 1.00] 31 0.68 042,110 1 0.20 0.03, 1.54

* n = 1,107 incident cases of hypertension.

1 Analyses adjusted for BMI|,§ activity, age, smoking, and akcohol intake.
$ Difference between 1989 and 1993 self-reported weights. 1 Ib = 0.45 kg.

§ RR, relative risk; Cl, confidence interval; BMI, body mass index.
11 Referent group.

risks associated with mild weight cycling (RR = 1.15,
95 percent CI 1.00, 1.33) and severe weight cycling
(RR = 1.13, 95 percent CI 0.79, 1.61) were greatly
attenuated (table 2). In contrast, the risk associated
with body mass index (RR = 1.11, 95 percent CI 1.10,
1.12) remained virtually unchanged and the associa-
tion with weight change was attenuated only slightly
(RR =1.20, 95 percent CI 1.15, 1.24). The relative risk
estimates from analyses run within strata of body mass
index did not reveal any differences in the weight
cycler status-hypertension relation by body mass index
status (data not shown). Moreover, there was little evi-
dence that the effect of weight change varied by
weight cycler status (table 3). In other words, within a
given weight change category (i.e., gained >10 Ibs (4.5
kg), gained 5-10 1bs (2.25-4.5 kg), remained within 5
1bs (2.25 kg), or lost >5 1bs (2.25 kg)), mild and severe
weight cyclers were not appreciably more likely than
non-weight cyclers to be diagnosed with hypertension.

To investigate whether bias was introduced when
women who had intentionally lost <50 lbs (22.5 kg) =3
times, but who had made no other intentional weight
losses, were excluded, we reran the analysis and
included them in the severe weight cycling group. The
association between severe weight cycling and hyper-
tension remained virtually unchanged when they were
included in the analysis (data not shown).

DISCUSSION

In this study, we found that both weight and weight
gain were strong independent predictors for the devel-
opment of hypertension. Moreover, they were strongly
associated with weight cycler status. Weight cyclers
not only weighed more than non-weight cyclers but
also they gained significantly more weight over the 4-
year period, during which they reported repeatedly los-
ing large amounts of weight intentionally. Therefore,
in an analysis that only adjusted for age, both mild and
severe weight cyclers appeared to be at significantly
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higher risk than non-weight cyclers of being diagnosed
with hypertension. However, after controlling for
weight in 1989 and weight gain between 1989 and
1993, two important confounders, the risks associated
with mild or severe weight cycling were attenuated
and were no longer significant.

Despite a number of recent investigations of weight
cycling, there is a lack of consensus on the health con-
sequences of weight cycling, because the results of the
studies are difficult to compare directly. Some studies
have defined weight cycling in terms of weight vari-
ability over a specified time interval (e.g., 10 years),
while others have defined it in terms of voluntary
weight loss(es) of a specified magnitude (i.e., a weight
loss of 220 1bs (9 kg)). The difference in the conceptu-
alization of weight cycling makes it difficult to com-
pare meaningfully the results of these studies. In stud-
ies that do not account for the intentionality of weight
loss(es), the coefficient of variation (the intrapersonal
standard deviation of weight divided by the individ-
ual’s weight) and the root mean square error of body
mass index (the residual variability around the weight
change slope over time) are the mostly commonly used
measures of weight variability used to define weight
cyclers. However, the results of these studies are diffi-
cult to compare since the coefficient of variation does
not distinguish weight cyclers from weight gainers
(29, 30). Thus, studies that depend on the coefficient
of variation to measure weight cycling may be incor-
rectly attributing to weight cycling the adverse health
outcomes associated with weight gain.

The importance of not accounting for the intention-
ality of weight losses should not be underestimated.
Among a cohort of middle-aged women, French et al.
(31) observed that the prevalences of intentionally and
unintentionally losing 220 lbs (9 kg) at least once were
approximately equal. Moreover, Meltzer and Everhart
(32) observed that among 9,144 persons, aged 45 years
and older, unintentional weight loss was only slightly
less common than intentional weight loss. Among per-






