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OBJECTIVE—Improvements in diabetes after Roux-en-Y gastric bypass (RYGB) often occur
days after surgery. Surgically induced hormonal changes and the restrictive postoperative diet are
proposed mechanisms. We evaluated the contribution of caloric restriction versus surgically
induced changes to glucose homeostasis in the immediate postoperative period.

RESEARCH DESIGN AND METHODS —Patients with type 2 diabetes planning to un-
dergo RYGB participated in a prospective two-period study (each period involved a 10-day
inpatient stay, and periods were separated by a minimum of 6 weeks of wash-out) in which
patients served as their own controls. The presurgery period consisted of diet alone. The post-
surgery period was matched in all aspects (daily matched diet) and included RYGB surgery.
Glucose measurements were performed every 4 h throughout the study. A mixed-meal challenge
test was performed before and after each period.

RESULTS —Ten patients completed the study and had the following characteristics: age, 53.2
years (95% CI, 48.0-58.4); BMI, 51.2 kg/m2 (46.1-56.4); diabetes duration, 7.4 years (4.8—
10.0); and HbA, 8.52% (7.08-9.96). Patients lost 7.3 kg (8.1-6.5) during the presurgery
period versus 4.0 kg (6.2—1.7) during the postsurgery period (P = 0.01 between periods). Daily
glycemia in the presurgery period was significantly lower (1,293.58 mg/dL-day [1,096.83—
1,490.33) vs. 1,478.80 mg/dL-day [1,277.47-1,680.13]) compared with the postsurgery
period (P = 0.02 between periods). The improvements in the fasting and maximum poststim-
ulation glucose and 6-h glucose area under the curve (primary outcome) were similar during
both periods.

CONCLUSIONS —Glucose homeostasis improved in response to a reduced caloric diet,
with a greater effect observed in the absence of surgery as compared with after RYGB. These
findings suggest that reduced calorie ingestion can explain the marked improvement in diabetes
control observed after RYGB.

Diabetes Care 36:2741-2747, 2013

oux-en-Y gastric bypass surgery
(RYGB) is one of the most success-
ful treatment strategies for diabetes
accompanying morbid obesity. Long-
term diabetes remission rates of 83%
have been reported (1,2). Remarkably, di-
abetes can improve markedly within a few
days of surgery. In-hospital diabetes re-
mission rates have been reported to be

as high as 89% (3,4). In one study, 30%
of patients with diabetes were discharged
from the hospital with normal blood glu-
cose levels and not using any diabetes
medication (4). Improvement often oc-
curs before any significant weight loss.
These findings have led to the suggestion
that surgical shunting of food past the
duodenum results in altered hormonal

From the 'Department of Internal Medicine, Endocrinology Division, and the Department of Clinical Sciences,
University of Texas Southwestern Medical Center, Dallas, Texas; the zDepartmem of Internal Medicine,
General Medicine Division, University of Texas Southwestern Medical Center, Dallas, Texas; and the
*Department of Surgery, Division of Gastrointestinal and Endocrine Surgery, University of Texas South-

western Medical Center, Dallas, Texas.

Corresponding author: Ildiko Lingvay, ildiko.lingvay@utsouthwestern.edu.

Received 7 November 2012 and accepted 8 February 2013.

DOI: 10.2337/dc12-2316. Clinical trial reg. no. NCT01153516, clinicaltrials.gov.

AL is currently affiliated with the Department of Surgery, Vascular Surgery Section, Wake Forest University,

Winston-Salem, North Carolina.

E.L. is currently affiliated with JAMA, Chicago, Illinois.

© 2013 by the American Diabetes Association. Readers may use this article as long as the work is properly
cited, the use is educational and not for profit, and the work is not altered. See http://creativecommons.org/

licenses/by-nc-nd/3.0/ for details.

signaling that ameliorates diabetes within
a few days (5-7).

The interpretation of the acute im-
provement in glycemia is confounded by
the fact that postsurgical patients are
placed on a severe calorie-restricted diet
for at least 7-14 days after surgery. Severe
calorie restriction alone can significantly
improve diabetes within days (8,9). A series
of 40 obese patients with type 2 diabetes
underwent 40 days of a very-low-calorie
diet. Fasting glucose levels improved sig-
nificantly, and 87% of the improvement
occurred within the first 10 days (10). A
similar calorie-restricted diet reduced he-
patic glucose production and insulin re-
sistance within 7 days (11). In another
study of patients with type 2 diabetes, a
600-calorie/day diet normalized plasma
glucose levels and hepatic glucose output
within 1 week (12).

The findings from the diet studies
raise the question regarding whether the
rapid improvement in diabetes after
RYGB is caused by the low-calorie diet
or by the surgery. Previous studies (13—
15) have sought to answer this question,
but the results are confounded because
different patients (with different baseline
characteristics) were subjected to the diet
orsurgery regimens and the dietary intake
was different between groups. In the cur-
rent study, we compared diet-only and
diet plus surgery treatments in 10 pa-
tients, each of whom was subjected to
both regimens. Both interventions were
performed under strict inpatient supervi-
sion, and dietary intake was closely
matched.

RESEARCH DESIGN AND

METHODS —Patients with type 2 di-
abetes served as their own controls in a
single-group, two-period study. Caloric
ingestion, physical activity, and intrave-
nous fluid administration were equivalent
during the two study periods that oc-
curred several months before (presurgery
period) and immediately after the RYGB
procedure (postsurgery period). The re-
search protocol was reviewed and ap-
proved by the University of Texas
Southwestern Medical School Institutional
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Review Board, and all participants signed
informed consent forms before enroll-
ment in the study.

Study participants

Patients were recruited from the medical
weight loss/bariatric clinic at University
of Texas Southwestern Medical Center.
We enrolled adults (age older than
18 years) of any ethnicity and both sexes
who met all criteria for and planned
to undergo RYGB and who had a di-
agnosis of type 2 diabetes. Exclusion
criteria were abnormal renal function
(serum creatinine above the upper limit
of normal for age and sex), significant
anemia (hemoglobin <10 mg/dL), diffi-
cult venous access, and treatment with
incretin mimetics or dipeptidyl pepti-
dase IV inhibitors during the previous
3 months.

Study design

The protocol consisted of two inpatient
study periods (10 days each) separated
by a wash-out period of at least 6 weeks
(Fig. 1). During the first study period
(presurgery period), participants adopted
the diet and activity protocol typical for
patients after RYGB. Participants were ad-
mitted to the Clinical and Translational
Research Center for this entire study pe-
riod. On the first day, they underwent
clinical evaluation (medical history and
physical examination) and were fed a
standard liquid preoperative diet that
consisted of Glucerna (Abbott Laborato-
ries, Columbus, OH; 26 g carbohydrates,
10 g protein, 200 calories/240 mL) 240

mL per meal and water ad libitum. On the
second day at 8:00 a.m.,, they underwent a
6-h mixed meal challenge test (MMCT)
using 240 mL chocolate Boost Plus (Nestle
Healthcare Nutrition, Florham Park, NJ;
45 g carbohydrates, 14 g protein, 360
calories/240 mL), followed by 240 mL
vegetable broth for lunch and 240 mL
sugar-free gelatin for dinner. On the third
day, they were NPO. On the fourth day,
feeding was restarted after 12:00 p.m., and
between 12:00 pM. and 8:00 p.m. partici-
pants were allowed to have a maximum
of 30 mL clear liquids (ice chips, water,
Crystal Light, broth, or sugar-free gela-
tin) every hour. Normal saline 125 mL/h
was infused from 8:00 a.m. on the third
day through 8:00 aM. on day 6 to pre-
vent dehydration. On day 5, the volume
of the clear liquids was advanced to a
maximum of 30 mL every 30 min in the
morning and every 15 min in the after-
noon. On days 6-9, the maximum oral
intake was 30 mL every 15 min between
8:00 aM. and 8:00 pM., and participants
were encouraged to alternate intake be-
tween clear liquids and Glucerna. On
day 10, the MMCT was repeated, followed
by home discharge.

The second study period (postsur-
gery period) started 2 days before RYGB
surgery and continued until postopera-
tive day 7. The only difference between
the two study periods was the perfor-
mance of RYGB surgery on day 3 and a
gastrografin study performed during the
morning of day 4. The dietary protocol
was identical to the first study period.
Dietary intake (volume and content) was

matched on a daily basis to the intake
during the presurgery period. Partici-
pants spent the first 2 days and 2 nights
at the Clinical and Translational Research
Center, spent days 3 through 5 or 6 (at
the surgeon’s discretion) at St. Paul Uni-
versity Hospital, and returned to the Clin-
ical and Translational Research Center for
the remaining of the study days (day 5 or
6 through 10). RYGB surgery was per-
formed laparoscopically in all patients
and using the same technique (16). A
25-mm EEA Stapler to create a gastro-
jejunal anastomosis and a linear 60-mm
stapler to create a jejuno-jejunal anasto-
mosis were used. The length of the roux
limb was 100 cm in all the patients.

Patients were instructed to stop using
all oral anti-diabetic agents 3 days before
each study period. Subcutaneous insulin
treatment was withheld starting the day
before admission and replaced with reg-
ular insulin intravenous boluses ad-
ministered only when capillary glucose
measurements exceeded 200 mg/dL. No
insulin correction was administered
within 10 h of MMCT. All routine non-
diabetes medications were continued
throughout the entire study at the same
dose.

During the wash-out period, partic-
ipants were instructed to return to their
usual diets and activity levels, with the
stated expectation that participants
would return to a comparable metabolic
baseline for the surgery period. The length
of the wash-out period was a minimum of
6 weeks and was determined solely by the
surgery schedule.

Screening Study Period #1 Wash-out Period Study Period #2
Diet Only RYGB Surgery + Diet
alg c sbg Outpatient
CTO —# CTRC : oo ) w/ CTO visits—)CTRCb(—SPH—)(—CTRC—)ﬁ
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Days — {1 2 3 4 5 6 7 g 10 £ 1 2 3 4 5 6 7 8 9 10
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Figure 1—Study design. CTO, Clinical Trials Office; CIRC, Clinical and Translational Research Center; SPH, St. Paul Hospital.
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Measurements

Weight was measured every morning
(except during the hospitalization) at
7:00 aM. on the same scale, with partici-
pants wearing only a hospital gown.
Waist (umbilical level at end expiration)
and hip (largest part) circumference were
measured on each admission and dis-
charge with the same tape measure. Oral
intake (amount, type, time) was moni-
tored strictly and recorded every hour.
The daily and per-study period caloric
intake was calculated based on the nutri-
tional content of each ingested product.
The total caloric intake per study period is
reported as all calories ingested from (and
including) the baseline MMCT to the (and
excluding) end-of-study MMCT.

Capillary blood glucose level was
measured every 4 h using an AccuCheck
Advantage glucose meter (Roche Diag-
nostics). The average of two readings
obtained with two separate meters was
reported for each time point. Total glyce-
mic exposure during each study period
was reported as “glycemia” and represents
the area under the curve (AUC) for the
daily average capillary blood glucose mea-
surement over the entire study period.
Regular human insulin was administered
only if capillary glucose level was >200
mg/dL and at a dose estimated based on
the participant’s preadmission total daily
insulin dose. The total insulin dose ad-
ministered from day 2 through day 9 (in-
clusive) is reported.

A 6-h MMCT was administered at
8:00 aM. on days 2 and 10 of each study
period. After obtaining two baseline sam-
ples (—10 and —5 min), 240 mL choco-
late Boost Plus was ingested in 5 min.
Blood samples for glucose measurement
were collected at 5, 10, 15, 20, 25, 30, 40,
50, 60, 80, 100, 120, 150, 180, 210, 240,
300, and 360 min after ingestion. We re-
port the average of the two fasting sam-
ples, the maximum postingestion glucose

glucose AUC in the postsurgery period
compared with the presurgery period.
A sample size of 10 patients was needed
to achieve a power of 0.8 with a = 0.05 to
detect a 10% (7,230 mg/dL/min) differ-
ence in the glucose AUC with an estimated
SD of 7,300 mg/dL/min. Estimated base-
line average glucose AUC was 72,300 =
20,500 mg/dL/min based on a study that
enrolled a similar study population (17).
All other reported measurements are
prespecified secondary outcomes. We
conducted pair-wise comparisons of the
changes that occurred during each study
period using a paired t test. AUC for glu-
cose was calculated using the trapezoidal
rule. Data are reported as mean and
95% CI. Significance was established at
P < 0.05.

RESULTS —Ten participants com-
pleted both study periods. One partici-
pant dropped out after the fourth day of
the presurgery period because she de-
cided to no longer pursue RYGB (Table 1,
patient 5). A second participant com-
pleted the presurgery period but, because
of acute medical problems unrelated to
the study, the surgery was postponed in-
definitely (Table 1, patient 11). The base-
line characteristics of each participant are
described in Table 1. The average age of
the participants who completed the study
was 53.2 years (95% CI, 48.0-58.4),
with a diabetes duration of 7.4 years
(4.8-10.0). All patients had fasting
C-peptide levels >1 ng/dL. The average
length of the wash-out period was 101.6
days (range, 38-218 days). The goal was
for each participant to return to a similar
metabolic baseline for the surgery period.
During the wash-out period, participants

Lingvay and Associates

regained only half of the weight lost dur-
ing the presurgery period (P < 0.001 for
the weight and BMI comparison between
the two baseline values), but glycemic sta-
tus was similar at the start of both study
periods (Table 2, nonsignificant differen-
ces between baseline HbA,, fasting glu-
cose, maximal poststimulation glucose,
and glucose AUC during MMCT).

The total caloric intakes for the study
periods (total of 7 days) were 1,736
calories (95% CI, 1,364.6-2,106.9) and
1,597 calories (1,312.6-1,881.9), respec-
tively (P = 0.43 between periods). Oral
intake was well-matched on a day-to-day
basis (Fig. 2A). A few patients delayed their
progression to a protein-based liquid diet
on day 6 of the surgery period, but the dif-
ference in caloric intake on this day be-
tween study periods was not significant.
There were no surgery-related adverse
events during the study.

Weight and anthropometric
measurements

Total weight loss (and BMI change) was
significantly greater during the presur-
gery period (Table 2). Participants lost
5.3% (95% CI, 5.96-4.57) of their total
body weight during the presurgery period
and lost 2.8% (4.46-1.16) during the
postsurgery period (P = 0.02 between pe-
riods). The pattern of weight loss was dif-
ferent in the two study periods, with a
steady daily loss during the presurgery
period and postoperative gain, followed
by rapid loss during the postsurgery pe-
riod (Fig. 2B).

Hip circumference decreased by 6.6 cm
and 6.1 cm, respectively, during each
period (P = 0.91 between periods). Waist
circumference decreased by 6.9 cm over

Table 1—Baseline characteristics of each study participant

level, and the AUC for glucose obtained Diabetes Insulin Oral Fasting
from all measurements. Whole-blood Age duration dose hypoglycemic Weight BMI  C-peptide
glucose was measured using YSI 2300  Patient (years) Sex Ethnicity (years) (units) agents (n) (kg) (kgm?) (ng/mL)
STAT Plus Glucose analyzer (Yellow
Spring Instruments). HbAylC W2(15 mea- L 0 M AA 10 130 L 210.9° 659 155
sured by high-performance liquid chro- B or MW 2 0 2 138.6° 471 ®79
matography in the Clinical Diabetes 3 o T AA 16 200 3 1438 562 159
laboratory at University of Texas South- 3 wor AA 8 120 2 1274416 291
western. 6 46 F W 3 0 1 1196  47.6 5.33

7 66 M AA 8 140 3 1754  60.0 2.73
Statistical analysis 8 55 F H 6 85 1 1104 46.6 1.93
The primary outcome of the study was 3 0 F H 6 0 ! 1538 548 2.11
glycemic control as measured by the 1 2 F AA 1 » ! 1011 39.2 L4
glucose AUC during the 6-h MMCT. 12 2 F W + 0 ! 1509 531 2.88
We hypothesized a greater reduction in  AA, African American; F, female; H, Hispanic; M, male; W, non-Hispanic white.
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Table 2—Metabolic characteristics and their changes during each study period

=
8"3 — o < —
z 2| ] © o ) o
RS S o o o
m &~
Isa)
— o — O
~l o S ~ S
=) (=) =) S
—~ ~ —
~ N~
N © 9 ®
— o ) S
& v 1 o O g
gl 2 e o023 =
ol | I o n ol M
— B <+ —
2 LS
2
-
(9]
a,
—~ —~ ~
E\ \© —~ o) —
& < = < @
= ™ 2 ™ —
N 0 1~ O
gzl ER T ey
@ ISa) : =) I
|53 <+ - © N~ <
< e LR
<+ I ~ %0
— < @\l @\l
— ~— — —
~— ~— ~—
—~ —~ —~
) ~ N ™
© 2 @© o
© ~ f ~ )
EalNTe) NN 20
E[ntgidlfen
ol i~ : o) o)
%) ~ Qo T} >~
B xTalceclo
~ < ) ~
— <+ ™~ (@]
— ~ — —
Z Z Z
— — —
o ) o o)
al © S S S
=) ) =) =)
V \ V
—
o -~ ° =
<+ b ~ 0
e} A S
gl o T =V« | © !
gl N 2@ 29 o 9
sl ~ = o © = o -
Sl =127« 72
o - s =2
o) | o N
-8 - - L
(9]
a,
b —~ —~ ~
o~ —~ N ()
5D © » v 9
= <+ g Ioa) 0
2 DN~ N DN D
Sl fTengq 2
= <+ ; o) I
Al + P o ™~ =]
RoavololT
<+ ™ ’a) =
— < @\l o~
— ~ — —
Z Z Z
[ —~ —~
~ —~ (=) o)
SRR I T
—
© ) o ~
<+ © O " O~
<+ <+ <+
FIInma oI
—_ ) ) )
N = 2 g
= ~— ~—
o0 ~
X g g
£ B S |8
2 S
) S < &
2 & = T

0.23

0.05

—0.39
(—0.72 to —0.06)

8.01
(6.60-9.42)

0.001 8.40
(6.66-10.14)

—0.57
(—0.80to —0.34)

7.95

(6.70-9.20)

8.52 (7.08-9.96)

HbA,., %

0.20

0.29

—-17.73
(—48.48 to 13.03)

135.83
(115.57-156.08)

153.55
(117.86-189.24)

0.02

—35.58
(=61.41 to —9.74)

130.60

(102.23-158.97)

166.18
(138.22-194.13)

Fasting

glucose, mg/dL

Maximal

—28.40
(—67.43 t0 10.63)

204.00

(175.72-232.28)

232.40
(186.01-278.79)

—32.50
(—55.37 to —9.63)

208.10
(164.44-251.76)

240.60

(195.81-285.39)

poststimulation

0.68
0.56

0.19
0.15

0.02
0.02

glucose, mg/dL

Glucose AUC,

—9,505.71
(—21,390.71 to

59,476.06

(47,943.76—

68,981.77

—11,377.43
(—19,228.44 to0

61,647.00

73,024.43
(58,017.49—

(53,322.09-

(47,023.25-

mg/dL'min

71,008.36) 2,379.30)

84,641.45)

—3,526.41)

76,270.75)

88,031.37)

Data represent mean (95% CI). The significance of the change within each period is shown under the presurgery period and postsurgery period, respectively, whereas the significance of the changes between periods is

shown in the Between periods column.

the diet period, but increased by 1.1 cm
over the surgery period (P = 0.04 between
periods), which is probably explained by
postsurgical swelling and residual intra-
abdominal gas.

Measures of glycemia

The overall glycemia (reported as AUC for
the daily average capillary glucose mea-
surements) was 1,293.58 mg/dL-day
(95% CI, 1,096.83-1,490.33) during
the presurgery period versus 1,478.80
mg/dL-day (1,277.47-1,680.13) during
the postsurgery period (P = 0.01 between
periods). This difference in overall glyce-
mia was observed despite a (nonsignifi-
cant) lower caloric intake and higher
exogenous insulin requirement during
the postsurgery period. The average total
dose of insulin required during the entire
presurgery period was 47.5 units/patient
compared with 90.7 units/patient in the
postsurgery period (P = 0.20 between pe-
riods). Of note, both of these insulin re-
quirements were significantly lower than
the patient’s home insulin dose (average,
78 units/day). On each of days 3-7, cap-
illary glucose was significantly lower dur-
ing the presurgery period compared with
the postsurgery period (Fig. 2C). By day
8, the glucose profile became comparable
between the two periods and continued
to track on an identical course on days 9
and 10 (Fig. 20).

Fasting glucose, maximum poststim-
ulation glucose, and glucose AUC during
the MMCT (the primary outcome of the
study) all improved significantly during
the presurgery period (Fig. 2D), but not
during the postsurgery period (Fig. 2E
and Table 2). The shape of the glucose
curve during the MMCT at the end of
the postsurgery period was different com-
pared with the same curve at the end of
the presurgery period (earlier peak attrib-
utable to early and rapid glucose absorp-
tion), but the 6-h total AUC was similar
(Fig. 2F and Table 2). HbA;. decreased
significantly in both study periods by
0.57% (95% CI, 0.80-0.34) and 0.39%
(0.72-0.06), respectively (P = 0.23 be-
tween periods).

The glucose AUC during the 6-h
MMCT (primary outcome of the study)
improved during both study periods
(Table 2), with the difference of the im-
provement between study periods (dif-
ference of the deltas of each period)
being —4,042.66 (95% CI, —12,898.23
to 4,812.92) in favor of the diet-only in-
tervention. These results confirm that a
clinically meaningful difference in favor
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Figure 2—Comparison of the changes observed during the presurgery period and postsurgery period. A: Daily caloric intake (calories). B: Daily
weight (kg). C: Daily average capillary blood glucose (mg/dL). D: The improvement in the glucose profile over a 6-h MMCT in the presurgery period.
E: The improvement in the glucose profile over a 6-h MMCT in the postsurgery period. F: The change in glucose (delta) for each time point during the
MMCT within each study period. Data are mean and SE. Continuous line with filled circles (@) indicates presurgery period; dotted line with open
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of surgery is not present, and the two
tested interventions are comparable or a
diet-only intervention is superior.

CONCLUSIONS —We found that di-
abetes improves rapidly when a post-
bariatric diet is provided to obese patients
with diabetes before they undergo sur-
gery. In fact, the improvement in overall

glycemic control was more profound with
the dietary intervention alone than after
RYGB (with a perfectly matched diet).
These findings support the hypothesis
that rapid diabetes resolution after RYGB
is mediated by caloric restriction and that
there is no need to invoke a direct hor-
monally mediated mechanism related to
bypassing the duodenum.

The strength of this study is in its design
and implementation, which allow for the
precise evaluation of the individual contri-
bution of diet versus surgery to diabetes
improvement in the immediate postsurgical
period. First, we exclusively studied
patients with type 2 diabetes to assure
the highest relevance to the posted ques-
tion. Second, we designed a one-group,

care.diabetesjournals.org
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two-period study to ensure identical base-
line characteristics of the participants, and
this also allowed us to perform a more
powerful paired data analysis. Third, the
entirely inpatient direct-observation im-
plementation ensured perfect compliance
with the dietary intervention (as well as
activity level and intravenous fluid admin-
istration), precise matching of the oral
intake between study periods, standard-
ized frequent evaluations of the variables
of interest, and standardization of any
necessary treatment (i.e., insulin adminis-
tration).

Two previous studies reached similar
conclusions (14,15) but were not defini-
tive because of study design issues (18).
Both studies compared a diet intervention
with surgery in two distinct groups of
obese participants, but the patients’ base-
line characteristics were not well-
matched. Campos et al. (15) randomized
some, but not all, of a cohort of obese
patients without diabetes to undergo
RYGB (n=12) ordiet (n=10). Two weeks
postoperatively or after being placed on
the diet, patients lost similar amounts of
weight (9.9 = 2.4 kg for RYGB patients
and 8.2 * 2.3 kg for controls). Although
the RYGB patients had large increases in
glucagon-like peptide and gastric inhibi-
tory polypeptide meal responses relative
to the diet-only group, insulin sensitivity
was the same between groups. This study
showed that glucose dynamics improved
in patients without diabetes as a function
of weight loss, independent of an in-
creased incretin response in RYGB pa-
tients. Isbell et al. (14) performed a
similar study involving nine RYGB pa-
tients and nine controls, half of whom in
each group had diabetes. Insulin sensitiv-
ity was assessed by homeostasis model
assessment in a baseline examination
and then again at any time from 2-7
days after RYGB or after a 4-day period
of caloric restriction for control patients.
Similar to what Campos et al. (15) ob-
served, insulin resistance improved after
RYGB or diet, incretin response was
much larger in RYGB patients than in
diet patients, and the improved glucose
disposal appeared to be independent of
incretin responses (14). Both these studies
were further limited by examining glu-
cose dynamics in patients without dia-
betes who might not have the same
defect in incretin physiology that is hy-
pothesized to occur in obese patients
with diabetes (19,20) whose diabetes im-
proves after RYGB (21). Our study eval-
uated only patients with type 2 diabetes

in a completely controlled environment
with strict matching of the dietary intake
and timing of the evaluations among the
two study periods (diet only and diet plus
surgery). This design enabled us to isolate
the surgery-specific effects from the dietary-
induced effects. Under these strict experi-
mental conditions, we found that glucose
control improved significantly as a result of
caloric restriction, and there were no addi-
tional glycemic effects observed that could
be directly attributed to the RYGB surgery
per se.

Laferrere et al. (13) studied the effect
of RYGB on diabetes but matched for
weight loss rather than caloric intake.
In a completers-only analysis of a non-
randomized study in which patients un-
derwent either RYGB (n = 9) or 10-kg
diet-induced weight loss (n = 10), there
was a substantial incretin response to oral
glucose in postoperative RYGB not seen in
diet patients. However, the study inter-
pretation is limited by the differential
rate of weight loss and study length be-
tween the two groups. RYGB patients lost
the target weight of 10 kgin 32.3 = 13.1
days compared with 55.0 = 9.9 days in
the diet group (P < 0.001), a difference
determined by the caloric content of their
diets: 600-800 calories/day in the RYGB
group compared with 1,000 calories/day
in the diet group.

Our study results are also in line with
those of recent reports obtained after
longer-term follow-up after RYGB. Bradley
et al. (22) compared patients without di-
abetes who underwent either RYGB or
laparoscopic adjustable gastric banding (a
primarily restrictive procedure that does
not involve intestinal bypass). Similar im-
provements in insulin sensitivity, B-cell
function, hepatic glucose output, and in-
trahepatic fat content were noted after
having lost 20% of their body weight at
4-6 months after surgery. Furthermore, a
large retrospective review of patients with
diabetes who underwent RYGB showed
that 68.2% of patients attained diabetes
resolution within 5 years of surgery, but
35.1% of these experienced a subsequent
relapse (23). Weight trajectories after
surgery were significantly different for
never-remitters, relapsers, and durable re-
mitters, for whom greater weight loss
predicted a durable remission. These
studies, along with a growing body of lit-
erature (22), suggest that caloric restric-
tion and weight loss are significant
contributors to diabetes remission both
in the early phase and long-term after
RYGB. Furthermore, weight regain is

one of the main predictors of diabetes re-
lapse after surgery.

We attribute the slight difference in
overall glycemia between our two study
periods to the surgery-related stress re-
sponse. We noted a significant difference
in the daily glycemia starting the day of
surgery (day 3), a difference that gradu-
ally narrowed over the next 5 days, with
the values converging over the last 2 days
in the study (Fig. 20). Our final evalua-
tions (MMCT) occurred 7 days after the
surgery, a time at which the stress re-
sponse has receded as evidenced by the
convergence of the glycemic curves and
normalization of the acute stress response
indicators of heart rate (79.4 beats per
minute; 95% CI, 71.9-86.8), white blood
cell count (8.79 10°/mL;7.06-10.52),
platelet count (286.9 10°/1.;247.77—
326.03), and cortisol level (12.48 wg/dL;
10.12-14.84). Therefore, although the
results of the overall glycemia during the
entire study period were likely attribut-
able to surgery-induced stress response,
we conclude that the results of the
MMCT performed 7 days after surgery
were not affected by the postsurgical
stress response, and the results show the
true effect of the dietary intervention ver-
sus diet plus surgery.

We acknowledge a limitation of the
study in that the baseline weight for the
two study periods was not identical.
Patients did not regain the entire weight
lost during the diet period, which poten-
tially could limit the effect size of the
intervention in the second study period.
We do not think this factor played a major
role in the results we observed because
all glycemic parameters were comparable
at the start of both study periods and,
furthermore, although glycemia im-
proved substantially in both study peri-
ods, it did not completely normalize.
Therefore, if the surgery would have had
any additional effects beyond the diet
intervention alone, then further lowering
of the glucose levels toward normal levels
should have been observed.

Our study led us to hypothesize that
different mechanisms for improvement in
diabetes prevail at different time points
after RYGB. In the immediate postopera-
tive period (at least 1 week, likely up to
2—4 weeks), the severely restricted oral ca-
loric intake is primarily responsible for the
changes in glycemia. Of note is that the
majority of diabetes improvement occurs
in this timeframe. As weight loss ensues
and insulin sensitivity improves, consoli-
dation of this improvement occurs over
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the following few months, an improve-
ment that is commensurate with the
amount of weight lost (24). In the long-
term, it is possible that chronic glucagon-
like protein 1 stimulation (and other
incretin hormones) leads to B-cell regen-
eration or hypertrophy and increased in-
sulin secretion, which can protect from
diabetes recurrence as a small amount of
weight is regained, although to date no
studies have been able to prove this hy-
pothesis. We believe the main effect of
the surgically induced enhancement in
the incretin hormones is centrally medi-
ated, resulting in satiety and aiding the
long-term adherence to such significant
dietary restrictions. The dietary restric-
tions are ultimately responsible for the di-
abetes improvement and remission as well
as the weight loss.

The clinical implication of our finding
is that nonsurgical interventions that suc-
cessfully achieve and maintain such strict
caloric restriction have the potential to
resolve diabetes to a comparable degree as
RYGB. Long-term studies comparing the
effect to RYGB surgery with identical
nonsurgical caloric restriction are warran-
ted to fully evaluate this concept.

We conclude that the rapid improve-
ment in diabetes after RYGB is mediated
through caloric restriction without a need
to invoke a primary direct hormonal
mechanism related to duodenal bypass.
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