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Methods: A total of 590 participants with diabetes were enrolled in the
Weight Achievement and Intensive Treatment (Why WAIT) program, a
12-week multidisciplinary ILI program designed for real-world clinical practice
between September 2005 and May 2018. We stratified participants based on
baseline A1C into three groups: group A: A1C > 9%, group B: A1C 8 to <9%,
and group C: A1C >6.5% to <8%.

Results: After 12-weeks of intervention, body weight decreased in all groups,
and pairwise comparisons of A1C changes showed that: group A had 1.3%
greater A1C reduction than group B (p = 0.0001) and 2% greater than group C
(p = 0.0001), while group B had 0.7% greater A1C reduction than group C
(p = 0.0001).

Conclusion: We conclude that ILI may decrease A1C by up to 2.5% in partici-
pants with diabetes. At similar magnitude of weight loss, A1C reduction was
more prominent in participants with higher baseline A1C. This may be valu-
able for clinicians to set a realistic expectation of A1C change in response
to ILIL.
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1 | INTRODUCTION

The effect of intensive lifestyle intervention (ILI) on A1C
in real-world clinical practice is inconsistent and fre-
quently underestimated." As per diabetes management
guidelines, physicians decide on the number and type of
initial anti-hyperglycemic medications based on baseline
A1C.” The higher the baseline A1C, the more medica-
tions are recommended to rapidly lower A1C. Recent
data indicate that only 56% of patients with diabetes were
asked to follow a physical exercise program by their pro-
viders.> Anderson and Moore suggest that poorly con-
trolled hyperglycemia in participants with type 2 diabetes
(T2D) could be improved by devoting time during office
visits to discuss lifestyle modifications.* It was also pre-
sumed that the magnitude of A1C improvement and
changes in cardiovascular risk factors are solely depen-
dent on the magnitude of weight loss.™ It is not clear the
magnitude of A1C change compared in relation to base-
line A1C and the amount of weight loss in participants
with diabetes who enroll in intensive lifestyle interven-
tion (ILI) in real-world clinical practice. Therefore, we
conducted this retrospective analysis of a large cohort of
participants with diabetes and obesity, who enrolled in a
12-week multidisciplinary ILI over 13 years in real-world
clinical practice. We evaluated the magnitude of changes
in A1C, body weight, and other cardiovascular risk fac-
tors in relation to baseline AIC and amount of
weight loss.

2 | METHODS

2.1 | The Why WAIT program

Weight Achievement and Intensive Treatment (Why
WAIT) is a 12-week multidisciplinary ILI program
designed for weight reduction and intensive diabetes
management in real-world clinical practice. The program
started in 2005 at Joslin Diabetes Center in Boston,
MA. Full descriptions of the program have been pub-
lished elsewhere.” After clinical evaluation by a multidis-
ciplinary team of endocrinologists, dietitians, exercise
physiologists and psychologists, participants with either

« Intensive lifestyle intervention decreases A1C and body weight in
patients with diabetes by up to 2.5%. At similar magnitude of weight
loss, A1C reduction is more prominent in participants with higher base-

type 1 diabetes (T1D) or type 2 diabetes (T2D) and with a
body mass index (BMI) between 30 and 45 kg/m” are
enrolled in the program. Why WAIT program includes:
group education, dietary intervention, medications’ adjust-
ment, exercise intervention and cognitive-behavioral mod-
ifications. This study was approved by the Committee on
Human Studies (CHS) at the Joslin Diabetes Center. We
retrospectively reviewed the baseline and 12-week elec-
tronic medical records of 590 participants with diabetes
and obesity, who enrolled in the Why WAIT program
between September 2005 and May 2018.

2.2 | Statistical analysis

Demographic and baseline characteristics were evaluated
using descriptive statistics and Chi square test. Continu-
ous variables are reported as means + standard
deviations (SD) or standard error of the mean (SEM).
Categorical variables were presented as numbers or per-
centages. Each of the reported variables was tested for
having a significant change from the baseline after the
intervention using paired t-test. ANOVA was used to
compare the difference of the mean change for each of
the variables between the three groups. Linear regres-
sion was eventually used to account for potential con-
founders. Statistical significance was defined as two-tail
p values <0.05. Analysis was conducted using StataSE-64
version (StataCorp®, College Station, Texas, USA 2017).

3 | RESULTS

The study included 590 participants (age 52.5 + 11 years,
T1D 16.3% and females 58.6%). According to baseline
A1C, we stratified participants into three groups: Group
A with A1C >9% (16.95%), Group B with A1C 8% to <9%
(19.15%), Group C with A1C >6.5% to <8% (63.9%). At
baseline, there were no significant differences between
the three study groups in gender, body weight, BMI,
LDL-cholesterol, and HDL-cholesterol. There were signif-
icant differences in age, percentage of participants with
T1D, diabetes duration, systolic BP, diastolic BP, total
cholesterol (TC), triglycerides (TG), percentage of
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TABLE 1 Baseline characteristics of participants with diabetes and obesity enrolled in 12 weeks of ILI.
Total cohort Group A (n = 100) Group B (n = 113) Group C (n = 377)

Variable (N = 590) AIC >9% AIC 8-<9% A1C 6.5-<8% p value®
Female n (%) 346 (58.6%) 52 (52%) 66 (58.4%) 228 (60.5%) 0.3
Diabetes type 1 n (%) 96 (16.3%) 23 (23%) 36 (31.9%) 37 (9.8%) <0.001
Age (years) 52.5+11.0 51.0 +10.9 504 +11.5 53.5+10.8 0.01
Body weight (kg) 105.5 + 18.6 108.4 + 20.2 102.9 + 16.5 105.5 + 18.7 0.1
BMI (kg/m?) 36.7 + 5.1 36.7 + 5.1 36.0 + 4.8 36.9 + 5.2 0.3
diabetes duration (years) 109 + 9.8 14.1 + 10.3 145 + 114 9.0 + 8.6 <0.001
A1C (%) 7.7+14 9.9+09 84+0.3 6.9 +£0.6 <0.001
Systolic BP (mmHg) 128.9 + 15.7 133.1 +16.9 130.7 + 16.4 127.4 + 15.0 0.004
Diastolic BP (mmHg) 77.6 £9.1 79.7 + 8.9 778+ 9 76.9 + 9.1 0.04
Total cholesterol (mg/dL) 166.2 + 35.1 174.3 + 43.7 168.3 + 34.6 163.6 + 32.5 0.03
LDL-cholesterol (mg/dL) 95.9 +29.9 97.8 + 34.2 99.1 + 28.7 94.4 +29.2 0.3
HDL-cholesterol (mg/dL) 47.5 + 14.5 46.6 + 14.6 48.5 + 16.7 47.5 + 13.8 0.6
Triglycerides (mg/dL) 153.9 + 1054 181.7 + 174.0 151.6 + 91.5 147.5 + 83.3 0.02
Insulin treatment n (%) 292 (49.8%) 78 (78.8%) 80 (71.4%) 134 (35.7%) <0.001

Note: Values are mean + SD.

Abbreviations: BP, blood pressure; HDL, high-density lipoprotein; ILI, intensive lifestyle intervention; LDL, low-density lipoprotein.

#One-way ANOVA or Chi square.

TABLE 2 Changes in body weight, A1C, lipid profile and blood pressure in participants with diabetes and obesity after 12 weeks of ILI

in relation to baseline A1C.

Group A (n = 100)

Variable A1C > 9%
Body weight (Kg) ——7.6 + 0.6*
BMI (Kg/m?) —2.2+0.3*
ALC (%) —2.5+ 0.1*
Systolic BP (mmHg) —7.7 £ 2.0*
Diastolic BP (mmHg) —4.4 +1.1*
Total cholesterol (mg/dL) —18.5 + 39.5%
LDL-cholesterol (mg/dL) —11.7 + 24.5*
HDL-cholesterol (mg/dL) 0.5+ 8.5
Triglycerides (mg/dL) —60.5 + 111.3*

Group B (n = 113)

Group C (n = 377)

A1C 8% to <9% A1C 6.5% to <8% p value®
—8.0 + 0.4* —8.5 + 0.2* 0.22
—2.8 +0.2* —-13+1.1 0.7
—1.2 +0.1* —0.5 + 0.03* <0.0001
—9.9 + 1.5* —5.8 + 0.8* 0.06
—4.6 + 0.9* —2.4 +0.5* 0.03

—16.8 + 28.7* —10.0 + 27.2* 0.02

—11.2 + 24.6* —8.0 + 23.2% 0.31
-12+71 0.5+ 8.2 0.16

—42.5 + 70.1* —33.7 +£ 75.2* 0.02

Note: Values are mean + SE.

Abbreviations: BP, blood pressure; HDL, high-density lipoprotein; ILI, intensive lifestyle intervention; LDL, low-density lipoprotein.

#One-way ANOVA. * significant change from baseline using paired t-test.

participants treated with insulin. (Table 1). We longitudi-
nally evaluated changes in body weight, BMI, A1C, blood
pressure (BP), and lipid profile after 12-weeks of ILI
(Table 2). All groups achieved significant weight reduc-
tion after 12-weeks of ILI. The amount of weight reduc-
tion did not differ between the three groups (p = 0.22)
(Figure 1). They also achieved similar improvement in
BMI (p-0.7). These findings did not change after adjust-
ing for age, sex, diabetes type, diabetes duration, and per-
centage of participants treated with insulin. All groups

achieved significant A1C reduction after 12-weeks of ILI
(Figure 2). The amount of A1C reduction differed signifi-
cantly between the three groups (p < 0.0001). Upon per-
forming Bonferroni correction, group A achieved a
significantly greater A1C reduction than group B (—1.3%,
p < 0.001) and group C (—2.0%, p < 0.001). Additionally,
group B had greater A1C reduction than group C (—0.7%,
p < 0.001). The difference in A1C reduction between the
three groups remained statistically significant after
adjusting for age, sex, diabetes type, diabetes duration,
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FIGURE 1 Changes in body weight after 12 weeks of intensive FIGURE 3 Changes in diastolic blood pressure after 12 weeks

lifestyle intervention (ILI) in relation to baseline A1C. Data are
mean + SEM. * ANOVA, p = 0.22. Group A: A1C > 9%. Group B:
A1C 8% to <9%. Group C: A1C 6.5% to <8%.
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FIGURE 2 Changes in A1C after 12 weeks of intensive
lifestyle intervention (ILI) in relation to baseline A1C. Data are
mean + SEM. * ANOVA, p < 0.0001. Group A: A1C > 9%. Group
B: A1C 8% to <9%. Group C: A1C 6.5% to <8%.

and percentage of participants treated with insulin
(p < 0.001). All groups achieved significant reduction in
systolic BP and diastolic BP after 12-weeks of ILI
(Figure 3). Groups A and B seemed to have better reduc-
tion in diastolic BP than group C (p = 0.03). Reduction
in systolic blood pressure was not significantly different
between the three groups (p = 0.06), however after
adjusting for age, sex, diabetes type, and diabetes dura-
tion, the reduction in systolic BP was significantly differ-
ent between the three groups, being the highest in group
A (p=0.02). The three groups showed significant
decrease in TC, LDL-cholesterol, and TG after 12-weeks
of ILI (Figure 4). HDL-cholesterol did not change in any

of intensive lifestyle intervention (ILI) in relation to baseline A1C.
Data are mean + SEM. * ANOVA, p = 0.03. Group A: A1C > 9%.
Group B: A1C 8% to <9%. Group C: A1C 6.5% to <8%.
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FIGURE 4 Changes in total cholesterol (A) and triglycerides
(B) after 12 weeks of ILI in relation to baseline A1C. Data are

mean + SEM. * ANOVA, p = 0.02. **ANOVA, p = 0.02. Group A:
A1C > 9%. Group B: A1C 8% to <9%. Group C: A1C 6.5% to <8%.

of the three groups. Groups A and B showed more promi-
nent reductions in TC than group C (p = 0.02), but the
difference disappeared after adjusting for age, sex, diabe-
tes type, diabetes duration and insulin therapy
(p = 0.15). Group A showed greater reduction in TG than
groups B and C (p = 0.02). There were no significant dif-
ferences between the three groups in the amount of LDL-
cholesterol reduction (0.31). The TG, LDL-cholesterol
and HDL-cholesterol findings remained the same after
adjustment for age, sex, diabetes type, diabetes duration,
and percentage of participants on insulin.

We also stratified participants based on diabetes type
and performed linear regression analysis with adjustment
for age, sex, diabetes duration, and percentage of
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TABLE 3  Association of change in systolic BP and change in total cholesterol, and baseline A1C.
Unadjusted model Adjusted model
B (95% CI) p value® B (95% CI) p value®
Change in systolic BP after 12 weeks of ILI —1.46 (—3.23 t0 0.32) 0.11 —2.30 (—4.25 to —0.34) 0.02
Change in Total cholesterol after 12 weeks of ILI —4.68 (—7.99 to —1.36) 0.006 —2.64 (—6.25 t0 0.98) 0.15

Note: Adjusted model for age, sex, diabetes type, and diabetes duration.
Abbreviation: BP, blood pressure; ILI, intensive lifestyle intervention.
“Linear regression.

participants on insulin to see if the study findings would
change in each subgroup. Both T1D and T2D participants
showed similar patterns of increased magnitude of A1C
reduction in association with the higher baseline A1C
(T1D cohort: ¥* = 0.36, p < 0.001, T2D cohort: r* = 0.56,
p < 0.001) (Table 3).

4 | DISCUSSION

We previously showed that A1C decreased significantly
by an average of 1.0% (—1.5 to —0.4%) after 12 weeks of
ILI, and that participants in Why WAIT program were
able to maintain weight loss of 6.4% after 5 years.*'°

In this study, we stratified participants according their
baseline A1C. All participants achieved significant weight
reduction and improvement in A1C, however A1C reduc-
tion was more prominent among participants with higher
baseline A1C despite achieving similar magnitude of
weight reduction. All participants also had significant
improvement in BP and lipid profile.

Our findings showed that multidisciplinary ILI for
12-weeks in real-world clinical practice decreased body
weight by an average of 7.9%, and decreased A1C by up
to 2.5%. Having a large cohort to evaluate the impact of
baseline A1C on their glycemic response to the ILI.

The three groups had similar baseline body weight
and they lost similar weight after 12-weeks of ILI. Partici-
pants with the highest baseline A1C (group A) achieved a
mean AI1C reduction of (—2.5% + 0.1%), while partici-
pants with the modestly high baseline A1C (group B)
achieved a mean A1C reduction of —1.2% + 0.1% and
participants with the lowest baseline A1C (group C)
achieved a mean A1C reduction of —0.5% =+ 0.03%. These
findings indicate that ILI has more prominent impact on
glycemic control in participants with poorly controlled
diabetes and higher baseline A1C. These findings are in
line with a previous study that demonstrated improve-
ment in A1C in patients with uncontrolled diabetes after
participating in an ILL” Moreover, this impact is inde-
pendent of the change in body weight, since there was no
difference in the magnitude of weight reduction between

the three groups. Similarly, systolic BP, diastolic BP, TC,
and TG decreased more prominently in participants in
the higher baseline A1C groups (groups A and B) com-
pared to the lowest baseline A1C group (group C).

To our knowledge, only two studies evaluated the
relation between A1C reduction and baseline A1C in
response to lifestyle modification, however the study
designs and the intervention methods differ. The first
study was a post-hoc analysis, in which researchers
divided the study cohort of 222 participants with T2D
and obesity into three groups based on baseline AlC;
group 1 with A1C < 6.8%, group 2 with A1C > 6.81% and
<7.7%, and group 3 with A1C > 7.8%. They found that
group 3 achieved the greatest improvement after
12-weeks of lifestyle intervention.'' The second study
was a randomized controlled 6-month exercise interven-
tion study of 279 participants with T2D and sedentary
lifestyle."? It showed that participants with baseline A1C
greater than 7% achieved greater reduction in A1C than
those with a baseline A1C equal or lower than 7%. In com-
parison to our study, the intervention methods did not
include any nutritional, educational, or behavioral compo-
nents. Meanwhile, that study divided participants only into
two groups. It may be misrepresentative to label patients as
having “inadequate metabolic control” if A1C is >7% since
those patients lie within a wide A1C range of 7%-15% and
their A1C reduction in response to similar amount of
weight loss might be widely different. Higher baseline A1C
frequently prompts physicians to start multiple anti-
hyperglycemic medications and frequently bypassing or
underestimating the value of ILI in reducing A1C and may
lead them to immediately start multiple, bypassing ILL"?

One of the advantages of this study is that we divided
a large cohort of 590 participants into three groups with
increasing intervals of baseline A1C: >6.5% to <8%, 8% to
<9%, and >9% to provide physicians with a realistic pro-
jection of A1C reduction in response ILI, when they dis-
cuss lifestyle intervention with their patients. So far,
many studies have demonstrated the importance of the
magnitude of A1C reduction as prime indicator of glyce-
mic control and its role in slowing diabetes progression,
and improving cardiovascular outcomes.®”'*
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Another advantage of this study is that it was con-
ducted among participants in ILI in real-world clinical
practice over 13 years, which may reflect a realistic expec-
tation of such intervention. Our study results not only
reinforce the role of ILI as a first-line therapy for patients
with diabetes, but also demonstrate that ILI should be also
an integral component of diabetes management plan for
patients with poorly controlled diabetes.

This study still has many limitations. Mainly, it is not a
randomized controlled study that compare ILI to standard
diabetes care. The study was also retrospective and had vari-
ability between the study groups at baseline, such as differ-
ences in percentage of participants with T1D, diabetes
duration, systolic BP, diastolic BP, and percentage of partici-
pants treated with insulin. However, two key variables; body
weight and BMI, were similar between the three groups at
baseline. Further studies may be needed to evaluate other
glycemic parameters using continuous glucose monitoring.

5 | CONCLUSION

ILI may decrease A1C by up to 2.5% in participants with
diabetes. In participants achieving similar magnitude of
weight loss, A1C reduction was more prominent in those
with higher baseline A1C levels. This may be valuable for
clinicians to set a realistic expectation of A1C improve-
ment in response to ILI when they discuss lifestyle modi-
fication with their patients in real-world clinical practice.
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