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Abstract

Keywords:

Background: Dumping syndrome after Roux-en-Y gastric bypass (RYGB) is traditionally asso-
ciated with the consumption of refined carbohydrates, but the role of dietary fat is unclear.
Objectives: This study compares symptoms after consumption of a carbohydrate-rich or fat-rich
beverage to determine perceived symptoms, glycemic control, and pulse rate.

Setting: University hospital.

Methods: We assessed perceived symptoms (Sigstad’s Dumping Index) and glycemic control
(P-glucose and S-insulin) as well as autonomic nervous system activity (reflected by arterial pulse
rate) after a standardized liquid meal test (440 kcal/300 mL carbohydrates [CARB] or fat [FAT]) in
a randomized crossover blinded setting. Blood samples were drawn before and 1, 15, 30, and
60 minutes after finishing each meal and the area under the curve (AUC) was calculated.
Results: Twelve patients 42 = 10 months after undergoing RYGB were studied. AUC differed
between drinks for glucose (P = .003) and insulin (P = .005). Pulse rate increased more after
CARB than after FAT (P = .01). AUC for perceived symptoms in the Sigstad’s Dumping Index
were similar after meals (P = .79), yet the pattern of type of symptoms differed.

Conclusion: In patients with RYGB, a meal with predominant fat content resulted in as much
perceived dumping symptoms as a carbohydrate-profiled meal. As expected, an increase in glu-
cose and insulin levels were found only after carbohydrate intake and the pulse rise was more
pronounced for carbohydrates than fat. Dietary counseling in patients undergoing RYGB should
address dietary fat as well as traditional information about carbohydrates to avoid dumping
symptoms. (Surg Obes Relat Dis 2017;13:1159-1164.) ¢ 2017 American Society for Metabolic
and Bariatric Surgery. All rights reserved.

Gastric bypass: Dumping syndrome; Dictary carbohydrates: Dietary fats

Dumping syndrome (DS) is a well-known phenomenon
after gastric surgery, likely due to the absence or non-
functioning pylorus allowing food to pass directly into the
intestine [1,2]. DS is associated with rapid delivery of
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nutrients into the small intestine and subsequent release of
vasoactive substances, incretins, and hormones, causing
both gastrointestinal and vasomotor symptoms within the
first 30 minutes after a meal [1,2].

Refined carbohydrate-rich foods have been described as
causing DS, and dietary advice has focused on avoiding
carbohydrates [1-9]. However, when patients who had
undergone Roux-en-Y gastric bypass (RYGB) were asked
about which foods they avoid to prevent or relieve
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symptoms, they indicated fatty foods (55%) to a higher
degree than sugar-rich foods (36%) [10].

In this study, we assessed DS by perceived symptoms,
glucose and insulin levels, and autonomic response in a group
of RYGB patients during a standardized liquid isocaloric
meal challenge, containing either a carbohydrate- (CARB) or
a fatrich meal (FAT) in a randomized crossover. Six
nonobese, nonoperated healthy volunteers served as controls.

Methods
Participants/recruitment, study design and ethics

Twelve adult patients (11 females) who had undergone
laparoscopic RYGB [11] were invited to participate, as well
as 6 healthy nonoperated volunteers (5 females). Patients were
recruited from an ongoing study that validated a questionnaire
to measure the dumping syndrome over time [10]. Sixteen of
a total of 22 patients who reached their 2-year follow-up visit
in the validation study were asked about participating in this
study based on a summary of dumping symptom rating scale
(DSRS) total index (severity multiplied by frequency). The
patients were ranked in respect to the DSRS total index; we
invited those who had the highest and lowest index. One
patient could not be reached, one had recently undergone
surgery for stomach ulcers and adhesions, one had depression,
and a fourth could not imagine drinking cream. There was a
good spread of results of the DSRS total index.

The study was conducted according to the principles of
the Declaration of Helsinki. The regional ethical review
board approved the study protocol (Dnr: S 060-09), and all
patients gave written informed consent.

Surgery

All operations were primary RYGB procedures com-
pleted laparoscopically. The technique, as described in
detail elsewhere [11], included an antecolic-antegastric
Roux-en-Y construction with a 10 to 20 mL gastric pouch
and a 100 to 150 cm Roux limb. The gastrojejunostomy
was created by stapling the jejunum to the posterior wall of
the gastric pouch using a 45 mm 3.5-mm-staple linear
cutting stapler. The remaining defect was hand-sutured.

Study day procedures

Patients arrived in the laboratory the morning after an
8-hour overnight fast with the instruction not to eat or drink
anything after midnight. Patients consumed the drinks on 2
different days, thus requiring 2 study visits. An antecubital
venous cannula was inserted, and blood samples were drawn
immediately before a liquid test meal and 1, 15, 30, and 60
minutes after finishing the meal. At each time point, pulse
rate, blood pressure, and symptom scores were assessed.

CARB contained 440 kcal in 300 mL and consisted of 113
¢ Resource Addera Plus (Nestlé HealthCare Nutrition), 113 g

Nutrical (Nutricia Nordica AB), and 98 g cold water. The
nutritional content was 99.5 g carbohydrate (95 % of energy
content), .1 g fat, and 5.7 g protein. FAT contained 420 kcal
in 300 mL and consisted of 113 g fresh cream and 118 g cold
water. The nutritional content was 3.4 g carbohydrates, 45.2
g fat (94.5 % of energy content), and 2.4 g protein. CARB
and the FAT were tested in a randomized crossover order on
the basis of a random selection table and served in non-
transparent cups, prepared by assisting personnel. The
patients were asked to finish the drink as quickly as possible
and not to reveal the contents to the investigator.

Blood parameters

Samples were immediately centrifuged and stored in
a —20°C freezer until analyzed with an automated glucose
analyzer (Abbott laboratories, Chicago, IL) and an auto-
mated insulin assay (Abbott laboratories, Chicago, IL).

Pulse rate and blood pressure

Pulse rate (beats/min) and blood pressure were recorded at
each test point using a digital blood pressure recorder also dis-
playing pulse rate (Cardiocap, DRE Waveline, Louisville, KY).

Perceived symptoms

Perceived symptoms were assessed at each test point with
the Sigstad’s Dumping Index [12], which is used in
provocation tests or direct measurements (Appendix 1).
Different symptoms are given a score depending on severity
and summarized into a total score. A total score >7 is
suggestive of DS, and the maximum score possible is 25.
The original Sigstad’s Dumping Index was used for
Tables 1 and 2. However, some symptoms of Sigstad’s
scale were considered to assess the same qualities and were
merged under one heading for Table 3:

— 1. Desire to lie or sit down was merged with
2. Weakness, exhaustion and 3. Sleepiness, drowsiness,
apathy, falling asleep, entitled Tiredness

— 1. Palpitations were merged with 2. Breathlessness,
3. Dyspnea, and 4. Restlessness

— 1. Bloating was merged with 2. Abdominal fullness,
meteorism and 3. Borborygmia

Hence, the difference in symptom levels was examined
for the 2 drinks without assessing the severity (i.e., each
symptom received 1 point).

Statistical analysis

All data are expressed as mean and 95% confidence
interval or SD. Wilcoxon signed ranks test was used for
the fasting (F) value and area under the curve (AUC).
The nonobese reference group is presented without any
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Table |
Sigstad's dumping index (mean, 95% CI). Number of subject's with dumping syndrome according to Sigstad's original dumping index >7 at the different time
points
RYGB CARB RYGB FAT Reference CARB Reference FAT P-value

Sigstad’s Dumping Index mean (95% CI)

AUC 178 (87.,269) 161 (65.257) 76 86 790
No of patients with Sigstad’s Dumping Index >7

Fasting 0 0 0 0

I min 1 0 0 0

15 min 4 3 0 0

30 min 2 2 0 0

60 min 1 1 0 0

RYGB = Roux-en-Y gastric bypass; CARB = carbohydrate-rich meal; FAT = fat-rich meal; CI = confidence interval; AUC = area under the curve.

statistical comparisons to the surgical group. Results were
considered significant for 2-tailed P-values < .05. All the
statistical analyses were carried out using SPSS, version 20
(SPSS Inc. Chicago, IL).

Results
Participants

Twelve RYGB patients, aged 42 (7) years, were exam-
ined 42 (10) months after surgery after an overnight fast on
2 separate study days, with an average of 12 days (range
1-37) between the test days. Preoperatively, body mass
index (BMI) (kg/mz) was 47.1 (4.3), and BMI at the test
date was 32.6 (6.8) with percent BMI loss of 67.8 (26.2).
The reference group (n = 6) had a mean age of 44 (8) years
and a BMI of 24.3 (1.0). Preoperatively, the 12 patients had

Table 2
Sigstad's dumping index for the twelve patients with dumping syndrome
according to Sigstad's original criteria for dumping syndrome, > 7, marked
in bold

CARB FAT
F 1 15 30 60 F 1 15 30 60

Patients

1 0 9 8 8 0 0 2 12 13 0
2 0 3 10 6 0 0 1 5 2 1
3 0 2 7 3 0 0 1 8 12 2
4 0 0 0 3 0 0 0 0 0 0
S 0 1 1 1 0 0 1 1 1 0
6 0 0 3 3 3 1 6 8 0 0
7 0 4 3 4 0 0 4 4 5 0
8 0 0 1 0 0 0 0 0 1 1
9 1 0 8 6 0 0 2 3 3 2
10 0 0 0 2 3 0 0 0 | 3
11 0 0 2 0 0 0 0 0 0 3
12 3 1 3 13 8 0 1 0 2 8
References

1 0 0 0 0 0 1 1 2 3 3
2 0 0 0 0 2 0 3 1 R 3
3 0 0 0 0 0 0 1 0 0 1
4 0 1 1 4 2 1 3 4 4 3
5 2 1 0 0 0 0 1 1 | 1
6 1 2 2 2 2 1 1 1 | 0

CARB = carbohydrate-rich meal; FAT = fat-rich meal.

following co-morbidities: | tablet-treated type 2 diabetes, 2
hypertension, | sleep apnea, 4 joint problems, 3 asthma, 1
polycyclic ovary syndrome, 1 Mb Dercum, and | hypo-
thyroidism. At the time of the study, the patient with
preoperative diabetes had normalized blood glucose;
patients with high blood pressure were free of medication;
and the patients with joint problems, asthma, sleep apnea,
and polycyclic ovary syndrome were improved.

Glycemic control

There was a significant difference in fasting values for
P-glucose, CARB 5.1 (.8) versus FAT 6.0 (.5) mmol/L, but
not between S-insulin (P = .53) between the study days.
Neither the P-glucose nor S-insulin increased significantly
after FAT; however, glucose rapidly rose after CARB with
a subsequent increase in insulin (Fig. 1). AUC differed
between drinks for glucose (P = .003) and insulin (P =
.005). There was no significant difference between sympto-
matic (Sigstad's Dumping Index >7) and asymptomatic
patients in terms of AUC for glucose with FAT (P = .068)
or CARB (P = .686) or insulin with FAT (P = .593) or
CARB (P = 1.000).

Table 3

Number of subjects (n = 12) and reterences (n = 6) who reported any
symptoms according to the modified Sigstad's scale, (each symptom
received 1 point) during the whole test except fasting, each patient may
have symptoms repeated at the various time points

Symptoms RYGB (n = 12) Reference (n = 6)
CARB FAT CARB FAT
Tiredness 21 13 12 10
Palpitations 3 0 0 0
Dizziness 5 1 0 0
Headache 1 2 13 5
Sweating and cold sweating 2 3 3 0
Nausca 7 19 1 20
Bloating 18 24 11 21
Regurgitation 8 9 1 7
Pain I 6 0 2
Diarrhea 0 1 0 0

RYGB = Roux-en-Y gastric bypass; CARB = carbohydrate-rich meal:
FAT = fat-rich meal.



1162 A. Laurenius et al. / Surgery for Obesity and Related Diseases 13 (2017) 11591164

16 450
14 400
350
300

- 250

mmol/L

=
<
2
200 g
150
100

50

0

Fasting 1 15 30 60
Minutes
- -CARB Glucose -@ FAT Glucose ~#-CARB Insulin ~8~FAT Insulin
920 B
85 -
|

80
c
=75
£
z
®70
@
£2
2 65
3
a

60

55

50

Fasting 1 15 30 60

~@=Carb  =®=Fat Minutes

Fig. 1. (A) Glucose (dashed lines) and insulin (solid lines) mean (SD) for
carbohydrate-rich (squares) and fat-rich drink (circles). (B) Pulse (beats/
min) mean (SD) for carbohydrate-rich drink (squares) versus fat-rich drink
(circles).

Pulse rate and blood pressure

There was no difference in pulse rate (P = .70) or
systolic (P = .58) or diastolic (P = .86) blood pressure at
baseline. However, pulse rate increased more after CARB
than FAT, AUC, (P = .01) (Fig. 1b). The Wilcoxon sign
rank test showed no differences in AUC for diastolic blood
pressure between the 2 drinks; neither was there a differ-
ence in AUC for systolic blood pressure (P = .59). There
was no significant difference between symptomatic (Sig-
stad's Dumping Index >7) and asymptomatic patients in
terms of the AUC for pulse with FAT (P = .273) or CARB
(P = .893), systolic blood pressure with FAT (P = .144)
or CARB (P = .345), or diastolic blood pressure with FAT
(P = .273) or CARB (P = .680).

Perceived symptoms

There was no difference in Sigstad’s Dumping Index at
baseline (P = .41). Furthermore, there was no difference in
Sigstad’s Dumping Index calculated as AUC between drinks
(P = .79) (Table 1). Three of the 12 patients perceived
symptoms after both beverages (Table 2). The most

frequently reported symptoms after the CARB were tiredness
and bloating; for FAT, they were tiredness, bloating, and
nausea (Table 3). The number of patients reporting regur-
gitation was similar (n = 5 for each beverage). Although
pulse increased significantly more after CARB, only 3 of the
12 patients stated that they were aware of the palpitations.
Symptoms that were less frequently reported were dizziness,
headache, sweating and cold sweating, pain, and diarrhea
(Table 3). No subject experienced preshock, shock, “almost
fainting,” syncope, unconsciousness, or vomiting during the
test. None of the drinks caused dumping syndrome in the
control group according to Sigstad’s criteria (>7).

Discussion

When provoking patient’s several years after undergoing
gastric bypass with a glucose-rich and a fat-rich drink, we
found that fat yielded as many symptoms as did carbohy-
drates, despite the fact that the latter altered glucose, insulin,
and pulse rate significantly more.

Although the Sigstad’s dumping score did not differ
between the test meals, some specific symptoms did. FAT
caused more nausea and bloating (including abdominal
fullness, meteorism, and borborygmia) in comparison to
CARB. Fat appears to be difficult to digest and absorb after
gastric bypass surgery [13,14] and is shown to be partic-
ularly potent in inducing meal-related hormonal signals in
health, functional dyspepsia, and obesity and after RYGB
surgery [15-20]. Earlier studies have shown that nonoper-
ated patients with fat intolerance complain of early satiety,
bloating, and nausea, similar to patients with DS [20].

When the stomach is bypassed, as in RYGB, food passes
rapidly into the jejunum, implying that the symptoms are
particularly pronounced after this type of surgery [21].
However, the control group also experienced symptoms
according to Sigstad’s Dumping Index AUC both after FAT
and after CARB (Tables 2 and 3). Fat increases glucagon-
like peptide | release more than carbohydrates [17,18] and
protein do [19], and because glucagon-like peptide 1
increases nausea and decreases the motivation to eat [22],
this may explain why nausea was more pronounced after
FAT than after CARB. Preference for fat decreases after
gastric bypass [23,24], which seems to be a learned effect
consistent with conditioned avoidance (i.e., arising over
time) [25]. Because the effect is likely to be learned, it
implies that reduction in fat intake is due to negative
experiences, which can have gustatory and/or be related
to a negative feedback mechanism from having dumping
symptoms. Being sensitive to fat does not necessarily mean
that DS is a complication. RYGB surgery aims to reduce
energy intake, and patients themselves often look positively
on the DS as they believe that it helps them to gain control
of food intake [26].

In the present study, the fatty drink also affected the heart
rate and blood pressure. It is known that fat can affect blood
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pressure and pulse after a direct catheter infusion in the
small intestine [27], which can be compared to the RYGB
construction where beverage and food pass quickly into the
small intestine. Pulse rate was significantly increased after
CARB compared to FAT, but the change was not sufficient
for patients to become aware of it and indicate this as a
symptom on the Sigstad’s Dumping Index.

The study was thus underpowered to show differences in
specific symptoms. In addition, Sigstad’s Dumping Index
has several weaknesses: first, it is designed for diagnoses
other than monitoring physiologic changes after gastric
bypass; second, several symptoms are similar; and finally, 2
symptoms give negative points (Appendix 1). That 2
symptoms (regurgitation and vomiting) give negative points
is understandable, as these symptoms should relieve the
burden of DS. However, they are still symptoms that
indicate DS.

Conclusion

Although a carbohydrate provocation causes greater
changes in blood glucose, insulin, and pulse rate in compar-
ison with fat, the perceived symptoms are similar at up to 60
minutes postprandial in patients after RYGB as measured by
Sigstad’s Dumping Index. Fat and carbohydrates induced
different symptom patterns; nausea and bloating were more
common after fat. Healthcare professionals should address
both fat and refined carbohydrates when counseling for early
dumping syndrome in RYGB patients.
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Appendix 1

Sigstad’s scoring system for dumping syndrome
A total score >7 is suggestive of dumping syndrome

Pre-shock. shock +5
“Almost fainting,” syncope, unconsciousness +4
Desire to lie or sit down +4
Breathlessness, dyspnea +3
Weakness, exhaustion +3
Sleepiness, drowsiness, apathy, falling asleep +3
Palpitation +3
Restlessness +2
Dizziness +2
Headaches +1
Feeling of warmth, sweating, pallor, clammy skin +1
Nausea +1
Abdominal fullness. meteorism +1
Borborygmia +1
Regurgitation -1
Vomiting -4
Total >
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