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OBJECTIVE

Short-term weight loss improves cardiovascular disease (CVD) risk factors. We
sought to determine the longer-term effects of maintaining weight loss or, con-
versely, regaining weight.

RESEARCH DESIGN AND METHODS

Weused data fromAction for Health in Diabetes (Look AHEAD), a randomized trial
of intensive lifestyle intervention (ILI) compared toa control condition in overweight/
obese individuals with type 2 diabetes. ILI participants were grouped according to
weight change patterns, as follows: 1) no weight loss (63% at years 1 and 4); 2)
moderate weight loss (3–8% at years 1 and 4); 3) large weight loss (8–20% at years
1 and4); 4)moderate loss/full regain (3–8%at year 1/63%at year 4);5) large loss/full
regain (8–20% at year 1/6 3% year 4); and 6) large loss/partial regain (8–20% at year
1/3–8% at year 4) and changes in CVD risk factors were compared.

RESULTS

Adjusting for baseline differences and medication use, larger weight losses pro-
duced greater improvements in HbA1c, systolic blood pressure, HDL cholesterol,
and triglycerides at years 1 and 4 (all P £ 0.02). Despite maintenance of weight
loss, HbA1c levels worsened between years 1 and 4, and remained below baseline
only in those with large weight losses. We found no negative associations of losing
and regaining weight relative to not having lost weight. Moreover, those who had
large initial weight loss but full regain of weight had greater improvements in
HbA1c levels at year 4 than those with smaller or no initial weight loss.

CONCLUSIONS

Larger initial weight loss should be encouraged in individuals with type 2 diabetes,
despite the possibility of regain.

Behavioral approaches are recommended for weight loss. These approaches typi-
cally involve face-to-face meetings, recommendations for changing both eating and
physical activity, and strategies to achieve these behavior changes in the long term.
However, despite the emphasis on long-termmaintenance of weight loss, the great-
est weight losses occur on average at approximately 6 months or 1 year, and are
followed by gradual weight regain (1). Previous studies (2–4) show that ongoing
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treatment contact improves themainte-
nance of weight loss, but even with such
contact, participants typically regain 30–
50% of their initial weight loss over the
next 2–3 years. Likewise, the greatest
improvements in cardiovascular disease
(CVD) risk factors are typically seen at
6 months or 1 year (5,6). Given that
weight regain is common after behav-
ioral treatment for obesity, it is impor-
tant to knowwhether it is better to have
lost and regained weight than to have
never lost it at all.
The Action for Health in Diabetes

(Look AHEAD) study provides an ideal
opportunity to examine this question.
Look AHEAD was a randomized clinical
trial comparing the effects on an inten-
sive lifestyle intervention (ILI) and a con-
trol group (referred to as Diabetes
Support and Education) on cardiovascu-
lar outcomes in .5,000 overweight or
obese individuals with type 2 diabetes
(7). The present article focuses on the
ILI because it was designed to produce
intentional weight loss. We previously
reported that participants who were as-
signed to ILI lost on average 8.66 0.2%
of initial weight (mean 6 SE) at year 1.
The magnitude of weight loss was
strongly associated with the degree of
improvement in glycemic control, sys-
tolic blood pressure (SBP), triglycerides,
and HDL cholesterol (HDL-C). Moreover,
weight losses of 5–10% were associated
with significant improvements in these
CVD risk factors (8). After 4 years of on-
going intervention, the average weight
loss in ILI had decreased to 4.7 6 0.2%
of initial weight. Of those who lost 10%
initially, 42% still maintained a 10%weight
loss at 4 years (4). Although ILI continued
tohave significantly greater improvements
than Diabetes Support and Education in
glycemia, SBP, and HDL-C at year 4, the
improvements in risk factors in ILI were
less at year 4 than at year 1 (6,9).
This article seeks to determine the as-

sociations between specific weight
change patterns and changes in CVD
risk factors over these 4 years. We ex-
amine the associations of both losing
weight and maintaining it, and losing
weight and regaining it with changes in
CVD risk factors to address the following
questions: 1) in individuals who lose
weight and maintain their weight loss,
is the improvement in cardiovascular
risk factors seen at year 4 similar to
what was seen at year 1?; and (2) are

the changes in CVD risk factors at year
4 greater or less in those who lost
weight and regained it compared with
those who did not initially lose weight?
Although the Look AHEAD trial contin-
ued its intervention for almost 10 years,
we focus on the first 4 years of the trial
because weight loss during this period is
more likely to reflect intentional weight
loss. Weight loss and subsequent regain
occurs most commonly during these
years as well. Moreover, although the
Look AHEAD trial found no significant
effect of ILI on major cardiovascular
event outcomes, it is important to un-
derstand the effect of weight change
patterns on CVD risk factors. The
changes in CVD risk factors have been
related to microvascular complications
in those with diabetes and may have a
broad impact on health (10).

RESEARCH DESIGN AND METHODS

Participants
All enrollees in Look AHEAD trial were
45–76 years of age, were overweight or
obese, and had type 2 diabetes. Baseline
characteristics have been described in
detail (11). Our current analyses focused
on participants who were randomly as-
signed to receive the Look AHEAD ILI and
fell into one of the six weight change
categories described below (N = 1,428).
The 1,428 participants included in these
analyses were compared with those ex-
cluded (Supplementary Table 1). Ex-
cluded participants differed significantly
from those included on several baseline
characteristics, but the magnitude of the
differences was small (e.g., excluded
were younger [age 58.1 vs. 59 years]
and heavier [BMI 36.5 vs. 35. kg/m2]).

Intervention
The ILI was designed to help participants
lose weight by changing their eating and
physical activity levels. Both group and
individual sessions were provided
throughout the intervention, with the
frequency of sessions greatest during
the first year of the program. The goal
was to achieve a weight loss of at least
7% of body weight. To meet this goal,
participants who weighed,250 pounds
were prescribed an intake of 1,200–
1,500 kcal/day, and those participants
who weighed .250 pounds were pre-
scribed 1,500–1,800 kcal/day. Physical
activity was gradually increased over
time until reaching a goal of 175min/week

of moderate-intensity activity. Self-mon-
itoring of weight, diet, and activity was
stressed throughout the program, and
standard behavioral strategies were em-
phasized. The program has been de-
scribed in detail (12).

Assessments
Participants were seen annually for as-
sessments by staff members who were
masked to the intervention. Weight,
height, blood pressure, and fasting
blood work were assessed according to
specified protocols (7). Demographic
information and health history were de-
fined by self-report. Biospecimens were
analyzed at a central laboratory. Partic-
ipants brought all prescription medica-
tions they were taking to be categorized
at these sessions, but medication doses
were not recorded. Hypertension was
defined as blood pressure exceeding
140/90 mmHg or current treatment
with antihypertensive medications.
Both participants and their physicians
received a letter each year with the re-
sults of these assessments. All medica-
tion changes were handled by each
participant’s physician. However, to re-
duce the risk of hypoglycemia, study
staff managed diabetes medications ac-
cording to preset algorithms during the
initial intervention period.

Weight Change Patterns
Wedefined six patterns based onweight
losses in ILI at year 1 and year 4. These
patterns are referred to by number in
the tables and figures, as follows:

1. No weight loss: year 1 and year
4 weight are both within 63.0% of
baseline weight (N = 158);

2. Moderate weight loss: year 1 and
year 4 weights are both $3.0% and
,8.0% below baseline (N = 204);

3. Large weight loss: year 1 and year 4
weights are both $8.0% and ,20%
below baseline and weight regain
from year 1 to year 4 is ,3% (13)
(N = 251);

4. Moderate weight loss/full regain:
year 1 weight is $ 3.0% and ,8.0%
below baseline, and year 4 weight is
within63.0% of baseline weight (N =
289);

5. Large weight loss/full regain: year
1 weight is $8.0% and ,20% below
baseline and year 4 weight is within
63.0% of baseline weight (N = 210);
and
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6. Large weight loss/partial regain: year
1 weight is $8.0% and ,20% below
baseline, and year 4 weight is$3.0%
and ,8.0% below baseline weight
(N = 316).

These weight categories were defined
based on the following literature: The
no weight change category was defined
as losing,3.0% based on the criteria of
Stevens et al. (13) that under 3% repre-
sents weight stability. The moderate

weight loss criterion of 3.0–8.0% was
based on literature suggesting that stan-
dard behavioral weight loss programs
typically produce weight losses of this
magnitude; as noted above, ILI partici-
pants had a mean weight loss of 8.6% at
1 year (1,12,14). Weight losses of $8%
are considered large weight losses (14).
We excluded those participants who
lost and maintained .20% (N = 19),
who were not typical of the weight
losses achieved in this category.

Statistical Methods
Participants were grouped according to
the weight loss patterns described
above, and baseline characteristics
were compared using logistic regression
and analyses of covariance, and with
Tukey pairwise comparisons. Mixed-
effects models were used to compare
weight loss groups over time with re-
spect to changes from baseline in CVD
risk factors, with linear contrasts and
Wald tests for group by time comparisons

Table 1—Mean (95% CI) percentage weight changes from mixed-effects models for the six weight patterns

Weight pattern N

Mean (95% CI) percentage weight change

Year 1–baseline Year 4–year 1 Year 4–baseline

1. No weight loss 158 21.01 (21.47, 20.55) 0.95 (0.33, 1.458) 20.06 (20.51, 0.40)

2. Moderate weight loss 204 25.57 (25.97, 25.17) 0.39 (20.16, 0.94) 25.18 (25.58, 24.78)

3. Large weight loss 251 211.93 (212.30, 211.57) 20.83 (21.32, 20.33) 212.76 (213.13, 212.40)

4. Moderate weight loss/full regain 289 25.50 (25.83, 25.16) 5.21 (4.74, 5.67) 20.29 (20.63, 0.04)

5. Large weight loss/full regain 210 211.34 (211.74, 210.95) 10.82 (10.28, 11.36) 20.52 (20.92, 20.13)

6. Large weight loss/partial regain 316 211.91 (212.23, 211.59) 6.26 (5.82, 6.70) 25.65 (25.97, 25.33)

Table 2—Baseline characteristics of the participants in the six groups based on weight change patterns

Characteristic

Pattern of weight change
P value for overall
comparison of
6 patterns

Pattern 1
(N = 158)

Pattern 2
(N = 204)

Pattern 3
(N = 251)

Pattern 4
(N = 289)

Pattern 5
(N = 210)

Pattern 6
(N = 316)

Age, mean (SD), years 57.3 (7.0)3,6 59.4 (7.3) 60.6 (6.8)1,4,5 58.0 (6.2)3 58.4 (6.4)3 59.6 (7.2)1 ,0.001

Sex, n (%) 0.09
Female 85 (53.8) 116 (56.9) 150 (59.8) 173 (59.9) 137 (65.3) 168 (53.2)
Male 73 (46.2) 88 (43.1) 101 (40.2) 116 (40.1) 73 (34.8) 148 (46.8)

Race/ethnicity, n (%) 5,6 5,6 4,5 5 1,2,3,4 1,2,3 ,0.001
African American 40 (25.3) 42 (20.6) 36 (14.3) 53 (18.3) 27 (12.9) 45 (14.2)
American Indian 11 (17.2) 16 (7.8) 11 (4.4) 16 (5.5) 3 (1.4) 7 (2.2)
Hispanic/Latino 19 (11.0) 23 (11.3) 43 (17.1) 32 (18.6) 21 (10.0) 34 (10.8)
Non-Hispanic white 83 (52.5) 122 (59.8) 156 (62.2) 174 (60.2) 156 (74.3) 217 (68.7)
Other/multiple 5 (3.2) 1 (0.5) 5 (2.0) 14 (4.8) 3 (1.4) 13 (4.1)

BMI, mean (SD), kg/m2 36.0 (5.7) 35.2 (5.9) 35.8 (6.0) 35.3 (5.9) 35.8 (5.7) 34.6 (5.4) 0.08

HbA1c, mean (SD), % 7.49 (1.28)3,5,6 7.33 (1.07)6 7.14 (1.13)1 7.26 (1.11) 7.09 (1.01)1 7.01 (1.06)1,2 ,0.001

Insulin use, mean (SD)
(missing = 51) 34 (22.7)2,6 21 (10.9)1 31 (12.7) 47 (16.9) 28 (13.9) 38 (12.2)1 0.02

Hypertension, n (%) 128 (81.0) 164 (80.4) 213 (84.9) 236 (81.7) 169 (80.5) 274 (86.7) 0.27

Blood pressure, mean (SD)
SBP (mmHg) 129.0 (17.7) 128.9 (16.6) 128.0 (16.2) 127.0 (17.2) 128.3 (18.7) 128.1 (16.3) 0.83
DBP (mmHg) 71.1 (9.2) 71.4 (9.6) 68.9 (9.1) 69.9 (9.4) 69.2 (9.1) 70.5 (9.7) 0.03**

LDL-C, mean (SD), mg/dL
(missing = 3) 112.0 (29.2) 113.9 (32.7) 109.1 (31.3) 113.6 (34.5) 112.1 (31.8) 107.9 (33.4) 0.20

HDL-C, mean (SD),
mg/dL (missing = 2) 42.2 (10.8) 42.3 (10.9) 45.3 (12.9) 42.9 (11.1) 43.6 (11.5) 43.7 (11.6) 0.05**

Triglycerides (mean [SD],
[mg/dL]) (missing = 2) 176.0 (114.6) 177.4 (99.4) 172.1 (105.9) 190.7 (140.1) 186.0 (114.2) 172.0 (106.3) 0.31

Receiving cholesterol
medication, n (%)
(missing = 34) 72 (47.4) 110 (54.5) 140 (56.7) 146 (51.8) 106 (52.0) 166 (54.1) 0.57

Superscript numbers indicate significant pairwise differences (Tukey test, P, 0.05) with pattern 1, no weight loss; pattern 2, moderate weight loss;
pattern 3, large weight loss; pattern 4, moderate weight loss/full regain; pattern 5, large weight loss/full regain; pattern 6, large weight loss/partial
regain. For example, the superscripts (3 and 6) for age for pattern 1 (no weight loss) indicate that this category differed from pattern 3 (large
weight loss) and pattern 6 (large weight loss/partial regain). **No pairwise differences reached Tukey test–adjusted P , 0.05.
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(15). In these models, age, BMI, gender,
and baseline values of the risk factor be-
ing analyzed were used as fixed covari-
ates, and changes in medications were
used as time-varying covariates. To por-
tray patterns over time, fitted means
were generated, and P values from the
marginal comparisons of mean changes
over time were overlaid on figures.

RESULTS

Table 1 presents the mean percentages
of weight loss over time for participants
in these six groups. As shown, the two
groups with moderate initial weight loss
(groups 2 and 4) and the three groups
with large initial weight loss (groups 3, 5,
and 6) had similar initial percentages of
weight loss, but very different weight
losses at year 4. The two moderate
weight loss groups lost ;5% of their
body weight initially, whereas the three
large weight loss groups averaged an
11% weight loss (the median for the

initial weight loss in the three large
weight loss groups was ;11%, 25% of
participants in the large weight loss cat-
egory lost ,10%, and 75% of partici-
pants lost ,14% of their baseline
weight).

Table 2 compares these six groups on
baseline characteristics. The groups dif-
fered significantly with respect to mean
age, HbA1c, the racial/ethnic distribu-
tion, diastolic blood pressure (DBP),
and the prevalence of insulin use (all
P, 0.05), but not sex, BMI, or the pres-
ence of hypertension or dyslipidemia.

Association Between Maintenance of
Weight Loss and Changes in Risk
Factors
To determine whether the maintenance
of weight loss was associated with the
maintenance of CVD risk factor changes,
we first compared those who remained
in the same category of percentage
weight loss at both year 1 and year
4 (no weight loss; moderate weight

loss; large weight loss [categories 1–3,
as defined above]). Table 3 and Fig. 1
describe changes in weight and selected
CVD risk factors for these three groups.
Changes in DBP and LDL cholesterol
(LDL-C) did not differ systematically for
no, moderate, and large weight losses at
year 1 or year 4. In contrast, for the
other CVD risk factors (HbA1c, SBP,
HDL-C, and triglycerides) the greatest
improvements in CVD risk factors at
both year 1 and year 4 were in the large
weight loss pattern (see Fig. 1).

We next examined whether these
three groups that had maintained their
weight losses between years 1 and
4 also maintained their improvements
in risk factors. Table 3 (middle column)
shows that HbA1c levels worsened sig-
nificantly over time in all three cate-
gories; there was a trend (P = 0.06) for
the increases in HbA1c to be smallest in
the large weight loss pattern. Moreover,
only the HbA1c levels in the large weight

Table 3—Mean changes in risk factors for the three groups that remained in the same percentage weight change category
from year 1 to year 4

Risk factor Weight pattern

Mean (95% CI) changes

Year 1–baseline Year 4–year 1 Year 4–baseline

HbA1c (%) 1. No weight loss 20.29 (20.44, 20.14)3 0.38 (0.19, 0.57) 0.08 (20.07, 0.24)3

2. Moderate weight loss 20.52 (20.65, 20.39)3 0.44 (0.27, 0.61) 20.08 (20.22, 0.05)3

3. Large weight loss 20.75 (20.87, 20.63)1,2 0.18 (0.03, 0.33) 20.57 (20.69, 20.45)1,2

P value ,0.001 0.06 ,0.001

SBP (mmHg) 1. No weight loss 24.35 (26.73, 21.96)3 3.63 (0.41, 6.86) 20.71 (23.12, 1.70)2,3

2. Moderate weight loss 24.69 (26.78, 22.60) 20.32 (23.17, 2.52) 25.01 (27.12, 22.90)1

3. Large weight loss 28.07 (29.96, 26.19)1 0.35 (22.20, 2.90) 27.73 (29.62, 25.83)1

P value 0.02 0.59 ,0.001

DBP (mmHg) 1. No weight loss 22.51 (23.72, 21.31) 0.56 (21.04, 2.16) 21.96 (23.18, 20.74)

2. Moderate weight loss 22.22 (23.28, 21.16) 20.53 (21.95, 0.88) 22.75 (23.82, 21.69)

3. Large weight loss 23.48 (24.43, 22.52) 0.11 (21.16, 1.37) 23.37 (24.32, 22.41)

P value 0.19 0.84 0.20

LDL-C (mg/dL) 1. No weight loss 210.08 (214.00, 26.18) 21.33 (26.61, 3.95) 211.42 (215.33, 27.50)

2. Moderate weight loss 27.51 (210.86, 4.15) 29.14 (213.71, 24.57) 216.65 (220.04, 213.25)3

3. Large weight loss 25.38 (28.39, 22.37) 25.69 (29.77, 21.61) 211.07 (214.10, 28.04)2

P value 0.17 0.09 0.04

HDL-C (mg/dL) 1. No weight loss 1.81 (0.63, 3.00)3 20.03 (21.50, 1.44) 1.78 (0.59, 2.97)3

2. Moderate weight loss 2.48 (1.47, 3.50)3 0.53 (20.75, 1.80) 3.01 (1.98, 4.04)3

3. Large weight loss 4.36 (3.45, 5.28)1,2 1.65 (0.52, 2.78) 6.01 (5.09, 6.93)1,2

P value 0.001 0.17 ,0.001

Triglycerides (mg/dL) 1. No weight loss 211.0 (228.2, 6.2)3 9.7 (211.3, 30.6) 21.4 (218.6, 15.9)3

2. Moderate weight loss 216.4 (231.2, 21.6)3 11.4 (26.7, 29.5) 25.0 (220.0, 9.9)3

3. Large weight loss 242.8 (256.1, 229.6)1.2 4.1 (212.1, 20.4) 238.7 (252.1, 225.3)1,2

P value 0.005 0.83 ,0.001

Pattern 1, no weight loss (year 1 and year 4 weight within 63.0% of baseline; N = 158); pattern 2, moderate weight loss (year 1 and year
4 weights $3.0% and ,8.0%; N = 204); and pattern 3, large weight loss (year 1 and year 4 weights $8.0% and ,20%; N = 251). P values indicate
significant differences among the three patterns, with covariate adjustment for baseline level of the risk factor, age, race/ethnicity, BMI, sex, and
change in the use of medications for that risk factor during the 4-year period. Superscripts indicate significant pairwise differences (Tukey test,
P , 0.05).
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Figure 1—Mean change in weight and CVD risk factors from baseline for ILI participants who lost weight and maintained it from year 1 to year 4. The
following three patterns are compared: no weight loss (year 1 and year 4 weight are both within 63.0% of baseline weight; N = 158); moderate
weight loss (year 1 and year 4 weights are both $3.0% and ,8.0% below baseline; N = 204); and large weight loss (year 1 and year 4 weights are
both$8.0% and,20% below baseline, and weight regain from year 1 to year 4 is,3%; N = 251). With covariate adjustment for sex, race/ethnicity,
baseline age, BMI, baseline level of the risk factor, and changes in medication for that risk factor over time. P values are from mixed-effects models
that assess the overall differences in the average changes from baseline.
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loss category were still below baseline
at year 4. Changes in other risk factors
between year 1 and year 4 did not differ
between the weight loss categories, but
LDL-C levels improved significantly from
year 1 to year 4 in the moderate and
large weight loss categories, and HDL-C
levels improved significantly in the large
weight loss category.

Association Between Weight Regain
and Changes in CVD Risk Factors
To address the question of whether los-
ing and regaining weight had adverse
associations with changes in risk factors,
we compared participants who had sim-
ilar weight losses at year 4, but had dif-
ferent trajectories to this common end
point. First, we compared those who
never lost any weight with those who
had lost either large or moderate
amounts of weight at Year 1 and then
regained it all by year 4 (comparison of
groups 1, 4, and 5). Table 4 and Fig. 2
show the CVD risk factor changes for
these three groups. Of greatest interest

is the comparison of their risk factors at
year 4 when the three groups were all
close to their baseline weights (20.06%,
20.29%, and 20.52% weight losses for
groups 1, 4, and 5 respectively). CVD risk
factors did not differ significantly among
the three groups at year 4, with the ex-
ception of HbA1c level. For HbA1c those
who lost a large amount of weight ini-
tially and then regained it all had better
long-term outcomes than those who
lost moderate amounts of weight ini-
tially and regained the weight in full.

A second way to examine whether
there were adverse relationships be-
tween weight regain and changes in
CVD risk factors was to compare partic-
ipants with large initial weight losses
who at 4 years maintained only moder-
ate weight losses with participants who
achieved and maintained moderate
weight losses at both years 1 and year
4 (group 2 vs. group 6). At year 4, the
large weight loss/partial regain group
had better mean risk factor changes

compared with the moderate weight
loss for HbA1c levels (P = 0.005), and
moderately better HDL-C (P = 0.06)
and triglyceride (P = 0.07) levels (Table
5 and Fig. 3).

CONCLUSIONS

Our analyses led to several important
conclusions. First, these analyses con-
firm our findings for changes in weight
and risk factors during the first year of
the Look AHEAD trial for ILI participants
and extend them to 4 years. We found
that the magnitude of the improvement
in HbA1c, SBP, HDL-C, and triglyceride
levels from baseline to 4 years differed
for those who had no weight loss versus
3–8% weight loss or 8–20% weight loss.
In contrast, there was no evidence that
greater magnitude of weight loss was
associated with greater changes in
LDL-C or DBP levels at year 1 or year 4.
Second, our data suggest that in individ-
uals with diabetes there is a gradual
worsening in HbA1c levels even among

Table 4—Mean changes in risk factors for the three weight patterns that are all within 3.0% of baseline at year 4

Risk factor Weight pattern

Mean (95% CI) changes

Year 1–baseline Year 4–year 1 Year 4–baseline

HbA1c (%) 1. No weight loss 20.29 (20.44, 20.14)4,5 0.38 (0.19, 0.57) 0.08 (20.07, 0.24)

4. Moderate weight loss/full regain 20.54 (20.65, 20.43)1 0.63 (0.49, 0.77) 0.09 (20.02, 0.20)5

5. Large weight loss/full regain 20.81 (20.94, 20.68)1 0.67 (0.50, 0.84) 20.14 (20.27, 20.01)4

P value ,0.001 0.06 0.02

SBP (mmHg) 1. No weight loss 24.35 (26.73, 21.96) 3.63 (0.41, 6.86) 20.71 (23.12, 1.70)

4. Moderate weight loss/full regain 25.80 (27.57, 24.04) 4.75 (2.36, 7.14) 21.05 (22.81, 0.71)

5. Large weight loss/full regain 27.24 (29.33, 25.15) 6.21 (3.39, 9.03) 21.04 (23.11, 1.04)

P value 0.20 0.49 0.97

DBP (mmHg) 1. No weight loss 22.51 (23.72, 21.31) 0.56 (21.04, 2.16) 21.96 (23.18, 20.74)

4. Moderate weight loss/full regain 22.80 (23.69, 21.91) 0.54 (20.64, 1.73) 22.26 (23.15, 21.37)

5. Large weight loss/full regain 23.37 (24.63, 22.51) 0.96 (20.44, 2.35) 22.61 (23.67, 21.56)

P value 0.38 0.89 0.72

LDL-C (mg/dL) 1. No weight loss 210.09 (214.00, 26.18) 21.33 (26.61, 3.95)5 211.42 (215.33, 27.50)

4. Moderate weight loss/full regain 27.84 (210.67, 25.00) 28.73 (212.59, 24.86) 216.56 (219.41, 213.72)

5. Large weight loss/full regain 25.92 (29.26, 22.57) 29.90 (214.43, 25.37)1 215.81 (219.16, 212.47)

P value 0.28 0.03 0.10

HDL-C (mg/dL) 1. No weight loss 1.81 (0.63, 3.00)5 20.03 (21.50, 1.44) 1.78 (0.59, 2.97)

4. Moderate weight loss/full regain 2.12 (1.26, 2.98)5 0.35 (20.73, 1.43)5 2.48 (1.61, 3.34)

5. Large weight loss/full regain 5.11 (4.10, 6.13)1.4 21.88 (23.14, 20.62)4 3.23 (2.22, 4.45)

P value ,0.001 0.02 0.18

Triglycerides (mg/dL) 1. No Weight Loss 211.0 (227.2, 6.2)5 9.7 (211.3, 30.6)5 21.4 (218.6, 15.9)

4. Moderate weight loss/full regain 216.4 (231.2, 21.6) 14.0 (21.4, 29.3)5 25.0 (220.0, 9.9)

5. Large weight loss/full regain 242.8 (256.1, 229.6)1 45.3 (27.4, 63.3)1,4 238.7 (252.1, 225.3)

P value 0.005 0.01 0.45

Pattern 1: No weight loss, (year 1 and year 4 weight are both within 63.0% of baseline; N = 158); pattern 4: moderate weight loss/full regain
(year 1 weight loss $3.0% and ,8.0%, but year 4 weight is within 63.0% of baseline; N = 289); and pattern 5: large weight loss/full regain (year
1 weight is $8.0% and ,20%, and year 4 weight is within 63.0% of baseline; N = 210). P values indicate significant differences among the
three patterns, with covariate adjustment for baseline level of the risk factor, age, BMI, sex, and change in the use of medications for that risk factor during the
4-year period. Superscript numbers show the difference between groups in the presence of significant pairwise differences (Tukey test, P, 0.05).
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those who maintain their weight losses;
however, this worsening is mitigated in
the large weight loss group relative to
those who lost and maintained less
weight. In addition, the large weight

loss group is the only group whose
HbA1c levels remained significantly be-
low baseline at year 4. In contrast,
HDL-C levels improved from year 1 to
year 4 in those who maintained large

weight losses over this interval, and
LDL-C levels improved in those who
maintained large or moderate weight
losses. Finally, our data reveal nonegative
effects of losing weight and regaining

Figure 2—Mean change inweight and CVD risk factors frombaseline for ILI participants who all had noweight loss at year 4 but differed in weight loss
at year 1. The following three patterns are compared: no weight loss (year 1 and year 4 weight are both within63.0% of baseline weight; N = 158);
moderate weight loss/full regain (year 1 weight is$3.0% and,8.0% below baseline, and year 4 weight is within63.0% of baseline weight;N = 289);
and large weight loss/full regain (year 1 weight is$8.0% and,20% below baseline, and year 4 weight is within63.0% of baseline weight; N = 210),
with covariate adjustment for sex, race/ethnicity, baseline age, BMI, baseline level of the risk factor, and changes in medication for that risk factor
over time. P values are from mixed-effects models that assess the overall differences in the average changes from baseline.
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it on these CVD risk factors at year 4. In
contrast, we found positive legacy ef-
fects of having lost large amounts of
weight initially, even if that weight
loss was not maintained in full. The pos-
itive legacy effect was most apparent
for HbA1c, for which large weight losses,
followed by partial or even full regain,
were associated with greater improve-
ments in glycemic control relative to
those who had smaller weight losses
initially. It is possible that the initial
weight losses delayed progression of
their diabetes.
The Guidelines for Managing Over-

weight and Obesity in Adults (14) de-
scribed the magnitude of weight loss
needed to improve a variety of different
risk factors. Our analyses add to this ev-
idence base. Our results suggest that
patients with diabetes will need to
maintain large weight losses (which we
defined as $8% to ,20% in this study)
to maintain long-term (4-year) improve-
ments in triglyceride, HDL-C, and HbA1c
levels. Weight losses of$3% to,8%, if
maintained, do not seem sufficient to
produce long-term improvements in
these risk parameters. In contrast,
smaller weight losses appear sufficient
to produce significant long-term im-
provements in SBP from baseline.
The Guidelines for Managing Over-

weight and Obesity (14) concluded
that weight loss has positive effects on

lipid and blood pressure levels. In our
previously reported 1-year results (8),
we noted that weight loss did not affect
LDL-C or DBP levels; the current year
4 data continue to show no systematic
effects of weight loss on these out-
comes. Although we adjusted for the use
of lipid-lowering and blood pressure–
lowering medications, the fact that a
large proportion of participants were
treated with these medications and
their prescribed use, especially the use
of statins, increased over the 4 years
may have made it difficult to detect an
effect. The fact that even the groupwith
no weight loss had significant improve-
ments in LDL-C and DBP levels from
baseline to year 4 suggests that the
changes were most likely affected by
medication use.

In contrast to LDL-C, we found very
strong associations between weight
loss and HDL-C. Those participants who
had 8–20% weight loss and maintained
it at 4 years had initial increases of
4.36mg/dL inHDL-C levels andeven larger
increases at 4 years (6.01 mg/dL). This is
the only risk factor that showed signifi-
cantly greater improvements at year
4 comparedwith year 1withmaintenance
of weight loss over this interval, perhaps
reflecting long-term beneficial effects of
physical activity on HDL-C levels (16).

Behavioral weight loss programs are
becoming increasingly successful at

helping individuals achieve initial weight
loss, butmaintenance remains problem-
atic (17). This issue, along with concerns
about weight cycling, have led some to
question whether weight loss should
be a treatment goal if it is likely to be
followed by weight regain. In our cate-
gorical analyses, we found that it was
more common for participants who
had lost 8–20% at 1 year to maintain
their weight loss at 4 years than it was
to regain weight back to baseline. More-
over, we found no evidence that weight
loss followed by weight regain led to
worsening in risk factors. In fact, for
HbA1c levels, participants with large ini-
tial weight losses who regained all the
way back to baseline levels had better
levels at year 4 than those who never
lost weight initially. For all other mea-
sures, those who regained weight in full
did not differ significantly from those
who had never lost any weight. A more
common occurrence among those with
large initial weight losses was to regain a
part (but not all) of the initial weight
loss. There were trends for these indi-
viduals to have better levels of HbA1c,
triglycerides, and HDL-C at year 4 rela-
tive to those who initially lost these
more modest amounts of weight (3–
8%) and maintained it. These results
suggest a positive legacy effect of having
achieved a larger initial weight loss,
even if it is partially regained.

Table 5—Mean changes in risk factors for the two weight patterns that are within ‡3.0% to <8.0% of baseline at year 4

Risk factor Weight pattern

Mean (95% CI) changes

Year 1–baseline Year 4–year 1 Year 4–baseline

HbA1c (%) 2. Moderate weight loss 20.52 (20.65, 20.39) 0.44 (0.27, 0.61) 20.08 (20.22, 0.05)
6. Large weight loss/partial regain 20.83 (20.93, 20.72) 0.50 (0.37, 0.64) 20.32 (20.43, 20.22)

P value ,0.001 0.55 0.005

SBP (mmHg) 2. Moderate weight loss 24.69 (26.78, 21.96) 20.32 (23.17, 2.52) 25.01 (27.12, 22.90)
6. Large weight loss/partial regain 29.45 (211.16, 27.78) 3.88 (1.60, 6.16) 25.59 (27.27, 23.91)

P value ,0.001 0.02 0.67

DBP (mmHg) 2. Moderate weight loss 22.22 (23.28, 21.16) 20.53 (21.95, 0.88) 22.75 (23.82, 21.69)
6. Large weight loss/partial regain 23.90 (24.75, 23.04) 0.48 (20.65, 1.62) 23.41 (24.26, 22.56)

P value 0.02 0.27 0.34

LDL-C (mg/dL) 2. Moderate weight loss 27.51 (210.86, 24.15) 29.14 (213.71, 24.57) 216.65 (220.04, 213.25)
6. Large weight loss/partial regain 27.36 (210.09, 25.00) 26.22 (29.90, 22.53) 213.58 (216.29, 210.88)

P value 0.95 0.33 0.17

HDL-C (mg/dL) 2. Moderate weight loss 2.48 (1.47, 3.50) 0.53 (20.75, 1.80) 3.01 (1.98, 4.04)
6. Large weight loss/partial regain 5.01 (4.18, 5.83) 20.72 (21.75, 0.31) 4.28 (3.46, 5.10)

P value ,0.001 0.13 0.06

Triglycerides (mg/dL) 2. Moderate weight loss 216.4 (231.2, 21.6) 11.4 (24.8, 27.7) 25.0 (220.0, 9.9)
6. Large weight loss/partial regain 241.2 (253.2, 229.2) 15.3 (2.4, 28.2) 222.6 (234.5, 210.7)

P value 0.01 0.54 0.07

Pattern 2, moderate weight loss ($3.0% and ,8.0% at both year 1 and year 4; N = 204); and pattern 6, large weight loss/partial regain ($8.0%
and ,20% at year 1, and $3.0% and ,8.0% at year 4; N = 316). P values indicate significant differences between the two groups with covariate
adjustment for baseline level of the risk factor, age, BMI, sex, and change in the use of medications for the risk factor during the 4-year period.
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Figure 3—Mean change in weight and CVD risk factors from baseline for ILI participants who had moderate weight loss at year 4 but differed in
weight loss at year 1. The following two patterns are compared: moderate weight loss (year 1 and year 4 weights are both$3.0% and,8.0% below
baseline; N = 204); and large weight loss/partial regain (year 1 weight is$8.0% and,20% below baseline, and year 4 weight is$3.0% and,8.0%
below baseline weight; N = 316), with covariate adjustment for sex, race/ethnicity, baseline age, BMI, baseline level of the risk factor, and changes in
medication for that risk factor over time. P values are from mixed-effects models that assess the overall differences in the average changes from
baseline.
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Although clearly controversial, a
number of epidemiological studies
(18–22) have suggested that weight cy-
cling increases the risk for cardiovascu-
lar and all-cause mortality. However,
one study (23) found that weight fluctu-
ations were associated with higher mor-
tality only in those who did not have
diabetes. Mechanisms suggested to un-
derlie the adverse effects of weight cy-
cling include increased blood pressure
and risk for insulin resistance, type 2 di-
abetes, and dyslipidemia (24,25). Our
data do not support these mechanisms.
Other mechanisms, such as increases in
visceral fat (25), have also been dis-
cussed, and recent studies (24,26) have
suggested that it may not be the cycling
per se, but rather weight regain over the
initial level (weight overshooting) that
causes these negative effects. However,
of the 900 ILI participants (23%)who lost
at least 10% of their body weight at year
1, only10%exceeded their baselineweight
at year 4; 20% were maintaining a weight
loss of 0–5%, 28% were maintaining a
weight loss of 5–9.9%, and 42% were still
maintaining a weight loss of.10%. Thus,
in this analysis we have focused on the
patterns of weight regain and the type of
weight cycling that is most typically seen
in a lifestyle intervention.
Several limitationsmust be kept inmind

when considering our results.Most impor-
tant is the fact thatwe developed post hoc
categorizations of participants based on
their year 1 and year 4 weight changes,
and only a subgroup of the ILI participants
fell into one of these categories. We ad-
justed statistically for some of the differ-
ences that existed among the various
weight change groups in demographic
characteristics and changes inmedications
over the trial, but other confounders may
still exist. The adjustments in medication
may not fully account for the effects of
changes in dose and types of medication
used for diabetes, hypertension, or choles-
terol. Although we focused on the magni-
tude of the weight change, these groups
also may have differed in other ways, for
example, changes in physical activity. They
may also have experienced additional cy-
cles of weight loss and regain between
years 1 and 4. We selected the cut points
for weight change categories based on
prior publications (13,14), but, clearly,
slightly different cut points could have
been chosen. There is no standard, vali-
dated criterion for weight stability. After

careful consideration of the issues (normal
weight fluctuations; biological relevance),
Stevens et al. (13) recommended the 3%
criterion,whichweadopted andwhichhas
been used in other studies (27). The goal in
this study was to compare different pat-
terns of weight change rather than to
identify a specific threshold for the per-
centage weight change that was associ-
ated with beneficial effects. In addition,
although Look AHEAD trial has continued
to observe participants for.10 years, we
have focused on the initial 4 years. This
allowed us to compare a discrete number
of weight change categories and to focus
on intentional weight loss. In later years of
the Look AHEAD trial, participants in both
the lifestyle interventionandcontrol group
began to lose weight, which was due to
loss of lean body mass (28) and likely re-
flected unintentional, rather than inten-
tional, weight loss.

There are also important strengths to
this analysis, including the large sample
size and the objective assessments of
weight, cardiovascular risk factors, and
medications annually over the 4 years.
In addition, these individuals were all
participating in a lifestyle intervention,
and, thus, their weight changes reflect
intentional weight loss. The participants
all had type 2 diabetes, which is a large
and growing population. In 1993, Wadden
(29) suggested that practitioners
needed information about whether
larger weight loss followed by weight
regain was detrimental to health in or-
der to make informed decisions regard-
ing very low-calorie diets compared
with moderate caloric restriction. The
current data provide information for
making decisions about the benefits of
larger versus smaller initial weight
losses. They also provide important in-
sights for clinicians and patients who
wonder about the broader question of
whether weight loss should be attemp-
ted because these weight losses are of-
ten not maintained.

In conclusion, on average, partici-
pants who had an 8–20% weight loss
at 1 year and maintained their weight
loss at year 4 (i.e., regained ,3% be-
tween years 1 and 4) achieved sustained
improvements in levels of HbA1c, SBP,
triglycerides, and HDL-C. Even those
who regained part of this weight loss
over the next several years still had sig-
nificant improvements in several of
these parameters at 4 years relative to

their baseline. Finally, we found that
participants who lost 8–20% at 1 year
and regained some or all of their weight
loss had better long-term changes in
HbA1c levels than those withmoremodest
initial weight loss. Thus, achieving larger
initial weight losses, even if followed by
some regain, should be strongly encour-
aged in overweight/obese patients with
type 2 diabetes.
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