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Abstract 
This report examines the maintenance of a low-fat diet 
1 year on average after the completion of intervention 
sessions among participants in the Women's Health 
Trial (WriT). The WriT was a randomized controlled 
trial of the feasibility of adoption of a low-fat diet 
among women of moderate or increased risk of breast 
cancer, conduced in Seattle, Houston, and Cincinnati in 
1985-1988. The women randomized to the low-fat diet 
attended an intensive dietary intervention program for 
5-37 months. Intervention women were highly 
successful in reducing their dietary fat intake from 
40.0% of energy intake at baseline to 26.3% by the end 
of the trial, based on a food frequency questionnaire 
(or an estimated 24% adjusted for the inaccuracies of a 
food frequency questionnaire v e r s u s  a 4-day diet 
record). During 1989, 1 year on average after the WHT 
ended, 448 intervention women and 457 control 
women (87% of eligibles) completed a follow-up 
survey to determine the degree of maintenance of the 
diet. The intervention women maintained the low-fat 
diet with an increase of only 1.4 percentage points of 
energy from fat, despite the fact that they had attended 
no further intervention sessions and had made no 
commitment to maintain the diet beyond the end of the 
WriT. Furthermore, the degree of maintenance of the 
low-fat diet was not dependent on the length of time in 
the intervention, which suggests that intervention led to 
a sustained change in eating habits after as little as 5-9 
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months (8-13 classes). Results and issues relating to 
objective measures of a low-fat diet, dietary changes in 
the control group, and the limitations of a food 
frequency instrument to accurately measure low fat 
diets are discussed. Health events did not differ 
significantly between the two groups, but the number 
of events was too small to draw any conclusions. The 
results of this study are encouraging for the feasibility 
of future dietary intervention trials and public health 
programs which will require sustained changes in diet 
patterns to reduce the risk of cancer and cardiovascular 
disease. 

Introduction 
Evidence suggests that a low-fat diet may reduce the risk 
of breast cancer, colon cancer, other cancers, and heart 
disease (1). The evidence is sufficiently strong for the 
U.S. Department of Health and Human Services, the 
National Cancer Institute, the American Cancer Society, 
and the National Research Council each to have issued 
recommendations to the American public to lower die- 
tary fat intake to 30% or less of energy. However, further 
studies are needed to give direct evidence, in particular 
through randomized controlled trials, that such modif i- 
cations reduce the risk of disease, and public health 
programs are needed to promote a lower-fat diet among 
the general population. For planning these future pro- 
grams, information is needed on the adoption and long- 
term maintenance of a low-fat diet among healthy 
individuals. 

The Wr iT  ~ was a randomized controlled trial of the 
feasibility of adoption of a low-fat diet among women at 
moderate or increased risk of breast cancer. The partici- 
pants randomized to the low-fat diet attended an inten- 
sive dietary intervention program and were highly suc- 
cessful in reducing their fat intake (2-4). The aim of the 
present study was to investigate whether the intervention 
group maintained the low-fat diet 1 year on average after 
the Wr iT  had ended, in the absence of further interven- 
tion sessions. A random sample of Wr iT  participants 
were included in the fol low-up study, and the diet and 
health status of the intervention and control groups were 
compared. 

Materials and Methods 
The Women's Health Trial. The Wr iT  was initiated and 
funded by the National Cancer Institute to test the hy- 
pothesis that a reduction in dietary fat would yield a 

3 The abbreviations used are: WHT, Women's Health Trial; PI, principal 
investigator; NCl, National Cancer Institute. 
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detectable reduction in the incidence of breast cancer. 
A Vanguard Group of 303 women was recruited between 
April and August 1985 to assess the feasibility of the trial, 
and a second group of 1761 women was recruited be- 
tween July 1986 and February 1988 during the Full-Scale 
Phase of the trial. Both phases of the study were con- 
ducted at three clinical sites: the Fred Hutchinson Cancer 
Research Center and Group Health Cooperative, Seattle, 
WA (Maureen Henderson, M.D., PI); Lipid Research 
Clinic, Houston, TX (William Insull, Jr., M.D., PI); and 
University of Cincinnati Medical Center, Cincinnati, OH 
(Myron Moskowitz, M.D., PI). Despite success in recruit- 
ment and achieving the goals for dietary fat reduction, 
the trial was discontinued due to concern about overall 
costs and skepticism about the hypothesis under test. 
Intervention ended, and end-of-trial visits were con- 
ducted between March and May 1988 in Houston and 
Cincinnati and between April and October 1988 in 
Seattle. 

The WriT participants were women aged 45 to 69 
at entry who had at least one risk factor for breast cancer 
(at least two during the Vanguard Phase) based on family 
history, age at first birth, and benign breast biopsies and 
who had a negative clinical breast exam and mammo- 
gram. All interested participants were screened to ensure 
that they were not already consuming a low-fat diet and 
that they were willing to make major dietary changes if 
randomized to the intervention group. Women were 
excluded if they weighed more than 150% of ideal body 
weight, had a history of breast cancer, or had been 
diagnosed with a chronic disease, such as hyperlipopro- 
teinemia, diabetes mellitus, or other medical conditions 
that would alter dietary intake or interfere with the inter- 
vention. Women who were eligible and willing to enter 
the WriT were randomly assigned to the dietary inter- 
vention group or the control group by a computerized 
randomization procedure. Further details of the Van- 
guard Phase have been reported elsewhere (2-4). 
WHT Dietary Intervention. Sixty % of the Vanguard 
Phase women and 40% of the Full-Scale Phase women 
were randomized to intervention. Women randomized 
to intervention were organized into groups of 8-15 mem- 
bers. A nutritionist served as a facilitator, educator, and 
counselor to the group members. The intervention goal 
was to reduce dietary fat intake to 20% of kilocalories 
measured at baseline, which was communicated to par- 
ticipants as a target goal in grams of fat. During the 
Vanguard Phase, each group met weekly for 8 sessions, 
every other week for 8 sessions, monthly for 12 sessions 
and every other month thereafter, during the approxi- 
mately 3 years (30-37 months) the Vanguard women 
participated in the study. During the Full-Scale Phase, 
new groups began with 6 weekly sessions, followed by 
monthly sessions, during the 1 year on average (5-20 
months) the Full-Scale phase women participated. The 
average class attendance was 82% for the first 8 sessions. 

The intervention diet was not proscriptive; rather, 
women were taught to use high-fat foods and added fats 
sparingly, to substitute low-fat products for high-fat in- 
gredients in recipes, and to try new lower-fat recipes and 
cuisines. Each woman monitored her intake using a fat 
gram counter covering 1500 foods and modified her diet 
in ways that best fit her life style. Behavioral skills were 
taught to assist women in making changes and in dealing 
with barriers to change. The Steering Committee and 

WHT Nutritional Coordinating Unit at Tufts University 
(Sherwood Gorbach, M.D., PI) oversaw the development 
of the intervention materials. 

The study protocol for the control group was to 
interfere as little as possible with the participants' cus- 
tomary diet, while making them feel an essential part of 
the trial. When the trial ended, over half of the control 
women received dietary intervention materials, including 
advice on lowering fat intake. 
Sample Selection for the Follow-up Study. WHT inter- 
vention women were eligible for the follow-up study if 
they began intervention sessions prior to November 1, 
1987, and control women were eligible if randomized 
into the WHT prior to November 1, 1987. The cutoff 
date was selected so that intervention women could have 
completed a minimum of 8 sessions prior to the an- 
nouncement of the end of the trial. Women who were 
diagnosed with breast cancer during the trial were not 
eligible for the follow-up study. Five hundred twenty- 
five intervention and 525 control women were randomly 
selected for this study from the 1650 eligible women: 
450 from the Seattle clinical center, 300 from Cincinnati, 
and 300 from Houston. A larger proportion of Seattle- 
area women were selected because in-person visits for 
collection of objective data (described below) were con- 
ducted in Seattle only. 

Data Collection. Data collection for the follow-up study 
was completed between January and December 1989 
and was randomly distributed over a period of 6-20 
months (mean of 1 year) after the WriT intervention had 
ended. Thus the follow-up data refers to a time since 
entry into the WriT of approximately 4 years for Van- 
guard women and 2 years on average for Full-Scale 
women. Dietary data and updated medical information 
were collected using mailed, self-administered 
questionnaires. 

A semiquantitative food frequency questionnaire 
was used to estimate average daily intake of energy, fat, 
and other nutrients. The questionnaire, nutrient data 
base, and computer software program for analysis of the 
questionnaire were modifications of the instruments de- 
veloped by Block et al. (5) of the National Cancer Insti- 
tute. The questionnaire includes questions on the portion 
size and frequency of intake of approximately 100 foods, 
selected for their contribution of nutrients to the Ameri- 
can diet. Foods were added to reflect use of low-fat 
foods such as frozen yogurt and low-fat cheeses. In order 
to reflect the subjects' current eating pattern, the food 
frequency elicited food intake over the previous three 
months. Women in the intervention group who were 
nonrespondents after repeated mailings and a reminder 
telephone call were asked by telephone to answer a 
simple question on maintenance of the low-fat diet. 

Another self-administered questionnaire was de- 
signed to obtain information on breast cancer, breast 
biopsies, and breast cancer screening practices, as well 
as other medical conditions that had developed since 
the women entered the WriT. There was no external 
confirmation of health events. Data were also collected 
on low-fat dietary behaviors (e.g., substitution of specially 
manufactured low-fat foods) and on experiences that 
were expected to affect the degree of maintenance of 
the WriT low-fat diet (e.g., developing a distaste for fat). 
The analyses of these data are reported elsewhere (6, 7). 
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In addition, 4-8 weeks after the initial mailing, 
trained study nurses conducted in-person visits with Se- 
attle-area women to obtain weight, blood samples, and 
detailed health and medication records. In-person inter- 
views were conducted most often in the participants' 
homes. Body weight was taken with shoes removed and 
measured to the nearest 0.10 kg (0.25 Ib) using a portable 
medical scale. One woman with a large weight gain due 
to cortisone medication was omitted from analyses of 
weight change. Ten ml of blood were drawn from each 
willing participant and centrifuged at 2500 rpm for 20 
rain within 3 h of extraction. All serum samples were 
immediately stored in dry ice and shipped to the labo- 
ratory at Northwest Lipid Research Center in Seattle for 
determination of total cholesterol. 

Variables of interest collected by the WriT at base- 
line and during the trial were also used in these analyses. 
Important variables included demographic characteris- 
tics, risk factors for breast cancer, height and weight, and 
nutrient intake during the trial. For Vanguard Phase 
women, 4-day diet records were collected and analyzed 
at baseline and at 1 and 2 years postrandomization. For 
both phases, baseline dietary data were collected using 
a food frequency questionnaire developed by Willett et 
al. (8), while during the trial and at the end of trial the 
modified NCI instrument was used. To allow a compari- 
son of baseline values with estimates of intake during the 
trial and at follow-up, we adjusted the Willett estimates 
of percentage energy from fat upward by 1.2 percentage 
points. This adjustment was based on baseline data from 
Vanguard women who completed both a Willett food 
frequency (mean energy from fat = 37.8%) and a 4-day 
diet record (,~ = 39.0%). A similar comparison of the NCI 
questionnaire among control women at 12 and 24 
months suggested that the NCI instrument yielded mean 
values almost identical to those from the 4-day record. 
To ensure consistency between the analysis of the NCI 
questionnaire administered during the trial and that used 
at follow-up, the raw food frequency data collected 
during the trial were reanalyzed using the same version 
of the nutrient analysis program. 
Response Rates. Eighty-five % (448 of 525) of the inter- 
vention women and 88% (460 of 525) of the control 
women completed the mailed health and diet question- 
naires. One additional control woman completed the 
diet questionnaire alone. An additional 13.0% (n = 68) 
of the intervention women responded to the telephone 
question on the extent of adherence to the WriT diet. 
Women who had developed breast cancer (n = 4) since 
the end of WriT were excluded from the dietary, weight, 
and serum cholesterol analyses, because changes in diet 
might have followed this diagnosis. Of the eligible Seat- 
tle-area women, 90% (202 of 225) of the intervention 
women and 96% (214 of 222) of the control women 
participated in an in-person interview, and 90% and 95%, 
respectively, provided acceptable blood samples. 
Statistical Analysis. Differences between intervention 
and control groups and comparisons among subgroups 
at various time points were examined using the Student's 
t test for continuous variables, the x 2 test for categorical 
variables, and the ManteI-Haenszel test for trend for 
ordered categorical variables (9). All nutrient variables 
(except those expressed as nutrient density) showed a 
skewed distribution and were transformed by the natural 
logarithm to conform more closely with a normal distri- 

Table 1 Baseline characteristics of participants in the Women's Health 
Trial Follow-up Study by arm of intervention 

Intervention Control 
(n = 448) (n = 460) Pvalue 

(%) (%) for difference 

Age 
45-49 25.2 28.9 
50-59 44.4 42.2 
60-69 30.4 28.9 0.304 a 

Race 
White 96.9 95.9 
Non-white 3.1 4.1 0.418 

Marital status 
Married 76.5 77.6 
Widowed 7.6 6.5 
Divorced/separated 12.1 10.4 
Never married 3.8 5.4 0.520 

Education completed 
_<12 years 31.8 29.4 
13-15 years 24.2 26.4 
16 years 19.7 22.7 
17+ years 24.4 21.6 0.572 a 

Postmenopausal 76.6 75.7 0.748 

Family history of breast cancer ~ 37.7 39.8 0.524 

Age at first birth 
<25 years 28.8 29.4 
25-29 years 37.1 36.5 
30+ years 15.0 13.9 
Nulliparous 19.2 20.2 0.570 a 

Benign breast disease c 15.9 15.9 0.993 

a ManteI-Haenszel test for trend. 
b First-degree relatives only. 
c Two or more surgical biopsies. 

bution. For these, geometric means [exp (2), where z = 
In (nutrient)] are given to express central tendency, and 
the SD was approximated by exp(2) SD(z). 

Adjustment for potential confounding factors in in- 
tervention-control group differences was accomplished 
by regression analyses in which the factor of interest was 
the dependent variable and group (intervention/control) 
and the confounding factors were independent variables. 

Results 
Table 1 presents the baseline demographic characteris- 
tics and breast cancer risk factors of the participants in 
the follow-up study at the time of entry into the WriT. 
The women were aged 45-69 and predominantly white, 
and most were married. The participants were highly 
educated, with over 40% college graduates. Three- 
fourths of the women were postmenopausal. The women 
were selected in part based on the presence of breast 
cancer risk factors: almost 40% had a first-degree relative 
with breast cancer, over two-thirds had a first birth at 
age 25 or after or were nulliparous, and 15% had benign 
breast disease (defined as two or more surgical biopsies). 
There were no significant differences between the inter- 
vention and control groups in any of these characteristics. 

A comparison of health conditions since entering the 
WHT between the intervention and control groups is 
given in Table 2. The women in the two groups gave 
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Table 2 Health conditions since baseline of participants in the Women's Health Trial Follow-up Study by arm of intervention 

Intervention Control 
(n = 448) (n = 460) 

P value for 
n % n % difference 

Subjective rating of health at follow-up 
Excellent 152 34.0 146 31.9 
Better than average 201 45.0 199 43.5 
Average 91 20.4 108 23.6 
Worse than average 3 0.7 5 1.1 0.220 a 

Breast conditions/diagnosis/screening 
Breast cancer during WriT ~ 6 0.7 6 0.5 0.834 
Breast cancer since WriT ended 0 0.0 4 0.9 0.125 c 
Breast biopsies during Writ 

Needle or surgical 9 2.0 13 2.8 0.423 
Surgical only 6 1.3 10 2.2 0.339 

Breast biopsies since WriT ended 
Needle or surgical 14 3.1 21 4.6 0.260 
Surgical only 10 2.2 17 3.7 0.194 

Mammogram since WriT ended 226 63.0 246 64.7 0.614 
Breast self-exam d [,~ (SD)] 2.50 (1.67) 2.44 (1.54) 0.582 e 

Hospitalization since WriT began 68 15.2 52 11.3 0.085 
Other cancer r 2 0.5 1 0.2 0.620 ~ 
Cardio- and cerebrovascular 3 0.7 3 0.6 0.999 ~ 
Gynecologic 12 2.7 6 1.3 0.137 
Gastrointestinal 11 2.5 4 0.9 0.110 
All other 40 8.9 38 8.3 

a ManteI-Haenszel test for trend. 
b Among all Writ women (883 intervention and 1181 controls) and includes one in situ breast cancer in each group. 
c Fisher's exact test (2-tail). 
d Times in last 3 months. 
e Student's t test. 
Excluding cancer of the breast, skin other than melanoma, and in situ cancers. 

similar self-assessments of their health, with over 75% of 
each group reporting their health as excellent or better 
than average. During the Wr iT ,  six women in each group 
developed breast cancer; these women were not eligible 
for the fo l low-up study. Four additional women devel- 
oped breast cancer after the trial ended; all were in the 
control group (P = 0.125). The proport ion of women who 
had had a breast biopsy was similar in the intervention 
and control group, both during the trial and since the 
trial ended. Breast cancer screening was also similar in 
the two groups: almost 65% of each group had had a 
mammogram after the trial ended, and women in both 
groups had practiced breast self-exam on average 2.5 
times in the last 3 months. 

There was a slight excess of hospitalizations in the 
intervention group (15.2%) versus the control group 
(11.3%), which was of borderl ine significance (P = 0.085). 
A review of the condit ions which led to hospitalization 
showed no differences in cancers other than breast can- 
cer (nonmelanotic skin cancer and in s i tu  cancers ex- 
cluded), cardiovascular or cerebrovascular conditions, or 
other conditions, wi th the possible exception of gyne- 
cological and gastrointestinal conditions. Twelve inter- 
vention women (2.7%) were hospitalized for gynecolog- 
ical problems (11 for hysterectomies and 1 for an ovarian 
cyst) versus 6 control women (1.3%) (all for hysterecto- 
mies) (P = 0.14). Similarly, 11 intervention women (2.5%) 
were hospitalized for gastrointestinal problems (2 for 
hernia repair, 2 for colon surgeries other than for cancer, 
1 for ulcerative colitis, 2 for colonoscopies, 1 for gastric 
hemorrhage, 1 for benign abdominal tumor, and 2 for 
severe abdominal pain) versus four (0.9%) among the 
control group (1 for colon surgery other than for cancer, 

1 for hernia repair, 1 for hemorrhoidectomy, and 1 for 
severe abdominal pain) (P = 0.11). 

Table 3 gives results on the maintenance of the low- 
fat diet during the Wr iT  and after the Wr iT  ended, 
among the women in the fo l low-up study based on 
estimates of fat consumption from a food frequency 
questionnaire. At baseline, the intervention and control 
groups were similar in the percentage of energy intake 
consumed as fat: 40.0% for intervention women versus 
39.2% among controls. By the end of the trial, the inter- 
vention women had substantially lowered their fat intake 
to 26.3% of energy whi le the control group, at 37.8%, 
had generally maintained its pretrial diet (P < 0.001). The 
low-fat diet was well maintained by intervention women 
6 to 20 months (average, 12.0 months) after the interven- 
tion sessions ended; at fo l low-up the intervention group 
had increased their fat intake by only 1.4 percentage 
points on average, to 27.7%. In contrast, the control 
group had decreased the fat in their diet to 35.1% of 
energy intake, but the intervention-control group differ- 
ence remained highly significant (P < 0.001). In addit ion 
to the group differences in mean intake of energy from 
fat at fol low-up, it should also be noted that the distri- 
bution of fat intake differed between the groups (Fig. 1). 
While the control group distribution approximates a nor- 
mal curve, the intervention group distribution of per- 
centage energy from fat is clearly skewed, with a large 
proport ion of women receiving around 20% of their 
energy from fat and increasingly smaller proportions re- 
ceiving a higher percentage energy from fat. 

One major question of the fol low-up study was 
whether the continued maintenance of the low-fat diet 
depended on the length of t ime a woman was in active 
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Table 3 Percentage of energy from fat among Women's Health Trial Intervention and control women by time since trial began and time in active 
intervention, based on a food frequency questionnaire a 

All Time in intervention 

Intervention Control 
30-37 months (Vanguard) 5-20 months (Full-Scale) 

Intervention Control Intervention Control 
Time since 
trial began n %kcal n %kcal pb n %kcal n %kcal pb n %kcal n %kcal pb 

Baseline c 446 40.0 137 d 39.2 0.158 103 39.9 98 38.5 0.118 343 40.1 39 d 40.9 0.433 
1 year 94 24.0 93 37.7 0.001 
2 years 89 24.5 87 35.3 0.001 
End of trial e 411 26.3 403 37.8 0.001 87 24.6 85 35.4 0.001 324 26.8 318 38.4 0.001 
Follow-up t 448 27.7 457 35.1 0.001 103 26.5 98 32.4 0.001 345 28.1 359 35.8 0.001 

a Data presented are for the sample of intervention and control women who participated in the fol low-up study. 
b p value for intervention-control group differences at each time point since Wr iT began. 
c Adjusted for use of a different instrument at baseline. See "Materials and Methods." 
d Only a 10% sample of controls were analyzed during the W r i t  Full-Scale phase. 
e Average time since trial began: Vanguard, 3 years; Full Scale, 1 year. 
~Average time since trial began: Vanguard, 4 years; Full Scale, 2 years. 

intervention. In Table 3, women are divided into two 
groups by time in intervention: the Vanguard Phase 
group, who were in active intervention 30-37 months 
(mean, 34 months), and the Full-Scale Phase group, who 
were in active intervention 5-20 months (mean, 11 
months). The Vanguard intervention women appear to 
have maintained the diet at follow-up more strictly 
(26.5% energy from fat) than the Full-Scale intervention 
women at follow-up (28.1%; not significant). However, 
when intervention-control group differences are consid- 
ered, the two phases are almost identical at the end of 
the trial, and at follow-up the difference is actually some- 
what greater for the shorter Full-Scale Phase than the 
Vanguard Phase (P < 0.01). Finally, there were no differ- 
ences in fat intake at follow-up by smaller groupings by 
time in intervention. Specifically, women in intervention 
for as little as 5-9 months consumed 27.9% energy from 
fat on average at follow-up, those in intervention 10-12 
months 28.9%, and those in intervention 13-24 months 
27.4% (not significant). Thus length of time in interven- 

IntervenUon 
ontrol 

P 
r .o3~ 
o 

P 
o 

r .o2 
t 
i 
o 

n .oi 

.04. 

0 10 20 30 40 50 60 70 

Percent Energy from Fat 

Fig. 1. Distribution of percentage energy from fat at follow-up among 
women's Health Trial Intervention and control women. 

tion, given completion of the initial sessions, did not 
appear to affect maintenance of the diet. 

A second important question was whether mainte- 
nance of the diet declines over the time since the inter- 
vention ended, which ranged in this study from 6 to 20 
months. There were no differences in fat intake at follow- 
up among the intervention group by length of time 
between the end of study and the follow-up data collec- 
tion (data not shown). 

Table 4 gives further data on the nutrient composi- 
tion of the diets of the intervention and control groups 
at follow-up. The lowering of fat intake among the inter- 
vention women was accompanied by an apparent de- 
crease in energy and cholesterol intake and a small 
increase in dietary fiber compared with the control 
group. The intake of protein and carbohydrate did not 
differ significantly between the two groups, although 
when these nutrients are expressed as a percentage of 
energy intake, the intervention group consumed a higher 
proportion of their diet as protein and carbohydrate. The 
reduction in fat intake among the intervention group was 
fairly proportionate over saturated fats, polyunsaturated 
fats (measured as linoleic acid only), and monounsatu- 
rated fats (oleic acid), with a slightly higher reduction in 
the polyunsaturated fats. This led to a lower polyunsat- 
urated:saturated fat ratio among the intervention group 
(0.53) compared with controls (0.60) (P < 0.001). 

There were few differences in other nutrients (data 
not shown). Folate intake was somewhat greater in the 
intervention group (P = 0.01), and vitamin E intake from 
foods (supplements excluded) was somewhat lower (P < 
0.001). The intake of other measured nutrients did not 
differ between the groups. One concern is that calcium 
intake may decline on a low-fat diet, but the calcium 
intake of the two groups was similar, including intake 
from foods alone, from supplements alone, and foods 
and supplements combined (Table 4). 

To indirectly validate the reported dietary changes, 
we also measured body weight and serum cholesterol 
among the Seattle-area women. Seattle intervention 
women had lost 1.9 kg on average during the WriT but 
gained back about 0.5 kg during the follow-up period, 
for a loss since baseline of 1.3 kg (Table 5). Even though 
intervention women maintained most of their weight loss 
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Table 4 Mean daily intake of selected nutrients at follow-up for Women's Health Trial Intervention and control women 

Intervention Control 
(n = 448) (n = 457) 

P value 
,~ SD ,~ SD for difference ~ 

Nutrient b 
Energy (kcal) 1256.4 418.3 1363.3 547.3 0.001 
Fat (g) 36.9 17.7 51.4 27.7 0.001 

Saturated (g) 12.3 6.1 17.1 9.6 0.001 
Polyunsaturated c (g) 6.1 3.6 9.4 6.3 0.001 
Monounsaturated d (g) 13.3 6.8 18.5 10.4 0.001 

Protein (g) 58.4 20.7 57.7 24.1 0.631 
Carbohydrate (g) 158.7 58.4 153.4 64.8 0.205 
Cholesterol (mg) 139.8 70.2 170.1 95.9 0.001 
Dietary fiber 13.5 5.3 12.6 5.4 0.010 
Total calcium e (mg) 834.3 520.0 825.4 544.0 0.803 

Nutrient density 
Fat (% kcal) 27.7 8.4 35.1 8.6 0.001 
Protein (% kcal) 18.9 3.4 17.3 3.4 0.001 
Carbohydrate (% kcal) 51.2 8.3 45.8 8.2 0.001 

Cholesterol (mg/1000 kcal) 120.8 55.2 134.8 59.6 
Polyunsaturated: saturated ratio 0.53 0.19 0.60 0.24 

0.001 
0.001 

P values for unequal variances are presented where appropriate. 
b Nutrients presented in absolute amounts were analyzed using natural log transformations and then untransformed yielding the geometric mean and SD. 
c Linoleic acid only. 
d Oleic acid only. 
e Includes supplements. 

during the follow-up period, the intervention and control 
groups did not differ significantly in their overall weight 
change since baseline. This may be due to an unexpected 
weight loss among control women; control women lost 
about 0.2 kg on average during the trial and an additional 
0.5 kg during the follow-up period, for a loss since 
baseline of 0.7 kg. 

During the trial, serum cholesterol levels were meas- 
ured only for Vanguard women, with a 0.40 mmol/liter 
control-intervention difference at 24 months. At follow- 
up, the control-intervention group difference in serum 
cholesterol was 0.10 mmol/liter, which was not statisti- 
cally significant. However, the observed difference was 
consistent with the predicted difference of 0.08 mmol/ 
liter based on the Keys Score (10, 11) applied to the 
reported diets of intervention and control women. 

All results were consistent across the three clinical 
sites (data not shown). 

Discussion 
The WriT was successful in significantly reducing dietary 
fat intake in a group of free-living, healthy women aged 
45-69 (2, 3). Intervention women reduced their dietary 
fat intake from 40% of energy at baseline to 26.3% energy 
from fat when the trial ended (Table 3). The present 
study found that the low-fat diet was very well main- 
tained at follow-up, 12 months on average after interven- 
tion ended. Intervention women reported 27.7% of en- 
ergy intake from fat, an increase of only 1.4 percentage 
points from the end of intervention. This suggests that 
women without prior disease but motivated to join a 

Table 5 Mean body weight, weight change, and serum cholesterol for Seattle Clinical Center Women's Health Trial Intervention and control women a 

Intervention Control 

n ,~ (SD) n ~ (SD) 

Weight 
Baseline weight 202 68.0 (9.8) 214 69.1 (11.3) 0.272 
End-of-study weight 176 66.0 (9.5) 188 69.0 (11.8) 0.008 

Change from baseline 176 -1.9 (4.2) 188 -0.2 (3.7) 0.001 
Follow-up weight 202 66.7 (10.5) 214 68.4 (11.8) 0.123 
Follow-up: women with 176 66.2 (9.9) 188 68.4 (11.9) 0.053 

end-of-study weights only 
Change from end of study 176 0.2 (3.3) 188 -0.5 (3.5) 0.030 
Change from baseline 202 -1.3 (4.5) 214 -0 .7  (4.2) 0.193 

Serum cholesterol (mmol/liter) 
Follow-up total cholesterol 

Observed difference at follow-up 
Predicted difference at follow-up b 

202 5.53 
0.10 mmol/liter 
0.08 mmol/liter 

(0.96) 211 5.63 (1.03) 0.279 

a Data presented are for the sample of intervention and control women who participated in the follow-up study. 
b Based on modified Keys Score = 1.26 (2S - P) + 1.5 (C) 'h, where S is % energy as saturated fat, P is % energy as polyunsaturated fat, and C is mg chol/ 
1000 kcal. 
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disease prevention trial can modify their diet and main- 
tain the change. Furthermore, the maintenance of the 
diet appeared to be similar across groups stratified by 
length of time in intervention (Table 3 and "Results"). 
This suggests that after as little as 5-9 months of dietary 
sessions (8-13 classes), the intervention led to a sustained 
change in eating habits. While it is unknown how long 
the intervention women will continue to follow a low-fat 
eating pattern (beyond the time frame of this follow-up 
study), there was no evidence for an increase in dietary 
fat with increasing time since the intervention ended. 

Several research groups have demonstrated compli- 
ance with a low-fat diet (20-30% energy from fat) in free- 
living women for up to 12 months during an intervention 
(12-14), and one group reported good maintenance of a 
moderately low-fat diet (32% energy from fat) over 4 
years of intervention (15). However, to our knowledge, 
no other studies have reported on the continued main- 
tenance of a low-fat eating pattern in the absence of 
further intervention. 

Compliance after intervention sessions have ended 
has been evaluated for weight loss diets. There have 
been numerous reports of substantial recidivism follow- 
ing both short- and long-term weight-loss programs (16- 
19), and the current focus of much obesity research is 
on behavioral approaches to enhance the maintenance 
of healthy eating patterns (20-21). Most studies show 
group maintenance of some weight loss at long-term 
follow-up, but a linear pattern of weight regain is evident 
in the years following treatment (16-19). Our findings 
suggest that long-term maintenance of a low-fat diet is 
less difficult than maintenance of a low-calorie diet, 
although differences in the populations studied may ex- 
plain the differences as well. 

Long-term maintenance of cholesterol-lowering di- 
etary changes among participants in the Multiple Risk 
Factor Intervention Trial has recently been reported (22). 
Information on 696 men, 70% of those invited, was 
collected 2-3.5 years after the end of the 6-8-year trial. 
At follow-up, intervention men reported eating signifi- 
cantly less of 9 of 11 foods high in saturated fat than the 
usual care group. Furthermore, the difference between 
the groups in plasma cholesterol was 0.17 mmol/liter (P 
= 0.02) at follow-up, which was 70% of the difference at 
the end of the trial. 

Greater dietary changes were made after the WriT 
ended by the control women than by the intervention 
group. While the intervention women had increased 
their fat intake by only 1.4 percentage points since the 
trial ended, the control women had decreased their fat 
intake by 2.7 percentage points from 37.8% to 35.1% of 
energy intake. When the WHT ended approximately 
one-half of the control women were provided dietary 
information, including information on lowering fat intake. 
It is not surprising that this group of women, motivated 
to join a health study and willing to make extensive 
dietary modifications, would reduce the fat in their diet 
when the trial ended and when given materials and 
implicit approval for making such changes. In addition, 
there is evidence for a secular trend toward a lower-fat 
diet among U.S. women of about 0.5 percentage points/ 
year, from 41% of energy in the mid-1970s to 37% in 
the mid-1980s (23, 24). 

Health events since randomization differed slightly 
between intervention and control women (Table 2). 

There was some excess of gynecological hospitalizations 
(primarily hysterectomies) and gastrointestinal hospitali- 
zations (no single dominant condition) among the inter- 
vention women. In addition, there were four breast can- 
cers among the control group, while none occurred 
among the intervention women during the follow-up 
period after the trial ended (P--- 0.125). The excess breast 
cancer among the control women was not due to in- 
creased screening among that group. Boyd et a/. (12) 
reported a similar finding: two breast cancers among 148 
women randomized to a low-fat diet for 1 year v e r s u s  

five among 147 women in the control group. However, 
when one takes into account the six breast cancers 
detected in each group during the W r i t  and the small 
numbers of health outcomes in our study, no conclusions 
can be drawn about any health risks or benefits of the 
diet based on our data. 

Several factors need to be considered when inter- 
preting the validity of the reported dietary fat intake in 
our study women. First, the true fat intake of the inter- 
vention group may be greater than that reported if the 
15% of intervention women who did not respond at 
follow-up represented those who returned to a higher- 
fat diet. We contacted 89% of the nonrespondents by 
telephone to inquire whether they had maintained all, 
most, or some of the dietary changes they had made 
during the trial or had returned to their former diet. Fifty- 
six % of nonrespondents reported maintenance of all or 
most changes v e r s u s  73% of respondents, who had been 
asked the same question by mail. Nonetheless, when 
this subjective assessment was used to compute an esti- 
mate of the fat intake for the entire group (by applying 
the reported fat intake of respondents for each level of 
the simple maintenance of diet question to the telephone 
respondents), our estimate of percentage energy from fat 
at follow-up for the intervention group only increased 
from 27.7% to 27.9%. 

More importantly, dietary assessment by a food fre- 
quency questionnaire is subject to certain sources of 
error. Intervention women may have underreported their 
dietary fat intake, due to the social desirability of a 
healthy diet enhanced by participation in the trial or due 
to knowledge gained in the intervention sessions. There- 
fore the actual fat intake of the intervention women may 
be higher than reported, both during the trial and at 
follow-up. 

On the other hand, certain limitations of a food 
frequency instrument in measuring a very low-fat diet 
(e.g., lack of inclusion of certain low-fat foods, insensitiv- 
ity to modification of high fat recipes) may have led to 
an overestimation of the fat intake of the intervention 
women. An assessment of the degree of this problem 
comes from data on the Vanguard WriT women who 
completed both a food frequency questionnaire and a 4- 
day diet record at 1 and 2 years post-randomization. The 
food frequency questionnaire appears to overestimate 
percentage energy from fat by 2.4 percentage points 
among women on a low-fat diet; intervention women 
consumed 21.6% energy from fat on the 4-day diet 
record v e r s u s  24.0% on the food questionnaire at 1 year, 
with no over- or underestimation among controls. This 
suggests that the percentage energy from fat among 
intervention women may be closer to 24% of energy at 
the end of the study and 25% at follow-up. 
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A final limitation of this study is the lack of objective 
support for the reported difference in dietary intake 
between the two groups at follow-up. Weight and serum 
cholesterol were measured among the Seattle-area 
women as indirect but objective measures of a low-fat 
diet. These measures have been found to be markers of 
a low-fat diet in the WriT and other studies. During the 
Vanguard Phase, the intervention women had cholesterol 
levels 0.40 mmol/liter less on average than control 
women at 2 years postrandomization, which was in good 
agreement with the difference of 0.31 mmol/liter pre- 
dicted by the Keys Score (3). Other studies of a low-fat 
diet in women have also shown some drop in serum 
cholesterol associated with lowering of total fat intake 
(12-14, 25), although one feeding study (22) and one 
study among free-living women (10) found the decrease 
to be only one-half that predicted by the Keys equation 
(see Ref. 3 for a review). Similarly, a weight loss of 1-3.2 
kg has been observed among women during the initial 
3-12 months on a low-fat diet, both in the Wr iT (3) and 
in other studies (10-12). However, in the present study, 
at follow-up neither weight, weight change since base- 
line, nor serum cholesterol differed significantly between 
the intervention and control groups (Table 5). 

There are several reasons why these objective meas- 
ures may have failed to detect between-group differ- 
ences in fat intake. First, weight loss was not a goal of 
the intervention, and women lost weight only during the 
first 6 months of intervention and subsequently regained 
weight (3). The women in the follow-up study regained 
approximately 0.5 kg during the follow-up period, for a 
loss since baseline of 1.3 kg. Second, the observed serum 
cholesterol difference of 0.10 mmol/liter between the 
two groups was close to the predicted difference of 0.08 
mmol/liter based on Keys equation applied to the re- 
ported dietary differences between the groups. The Keys 
Score is a function of 2S - P, where S and P are percent- 
ages of energy from saturated and polyunsaturated fatty 
acids. The intervention group reduced polyunsaturated 
fat proportionally more than saturated fat, thus diminish- 
ing the hypocholesterolemic effect of the lower fat in- 
take. Finally, the control group reduced the fat in its diet 
by a reported 2.7 percentage points (Table 3) and lost 
weight since baseline (Table 5), making intervention- 
control group differences in weight and serum choles- 
terol more difficult to detect. In summary, these meas- 
ures do not provide objective support for the reported 
dietary fat differences between the groups, but, for the 
reasons stated above, neither are they inconsistent with 
the intakes reported. 

The results of this study are generally encouraging 
for the feasibility of future dietary intervention trials that 
will requite subjects to maintain a low-fat diet for many 
years to assess effects on cancer and cardiovascular end- 
points. Our findings are particularly interesting in light of 
the fact that the intervention women had made no com- 
mitment to continue a low-fat diet after the trial ended, 
were dismayed by the abrupt ending of the trial, and had 
had no intervention sessions for 1 year on average at the 
time of follow-up. Furthermore, the results were consist- 
ent across two phases of the study and across three 
clinical sites across the United States. Our results might 
also suggest that after 10 months of group sessions, the 
intervention could be reduced to less frequent "booster 
sessions." The design of such a trial, however, would 

need to take into account a possible drift over time 
toward a lower-fat diet in the control group, and objec- 
tive measures of total fat intake would need to be care- 
fully evaluated. 

This study also provides evidence that some Ameri- 
cans can lower their fat intake to 30% of calories or less, 
in accord with U.S. Department of Health and Human 
Services recommendations. Our results show that not 
only can a low-fat diet be attained by motivated, healthy 
women, it can become a life style change that is main- 
tained substantially for at least a year in the absence of 
further intervention. 
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