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A B S T R A C T   

Follistatin is secreted from the liver and may regulate muscle growth and insulin sensitivity. Protein intake 
stimulates follistatin secretion, which may be mediated by increased glucagon in the context of low insulin 
concentrations. We investigated circulating follistatin after mixed-meals in two cohorts of patients who were part 
of previously published studies and had undergone bariatric surgery with either simultaneous assessment of 
amino acid absorption or administration of the GLP-1 receptor antagonist exendin-(9− 39), which increased 
glucagon concentrations and impaired insulin secretion. Study 1 comprised obese matched subjects with pre-
vious Roux-en-Y gastric bypass (RYGB) or sleeve gastrectomy (SG) surgery and unoperated controls who un-
derwent 6-hour mixed-meal tests with intravenous and oral tracers including intrinsically labelled caseinate in 
the meal. Study 2 comprised obese subjects with previous RYGB who underwent two 5-hour mixed-meal tests 
with concomitant exendin-(9− 39) or saline infusion. In study 1, the secretion of follistatin as well as the amino 
acid absorption was accelerated after RYGB compared with SG and controls, but the glucagon-to-C-peptide ratios 
did not differ between the groups. In study 2, exendin-(9− 39) administration increased postprandial glucagon 
concentrations and lowered insulin secretion, whereas the concentration of follistatin was unchanged. In 
conclusion, postprandial follistatin secretion is accelerated in patients after RYGB which might be explained by 
an accelerated protein absorption rate rather than the glucagon-to-insulin ratio.   

1. Introduction 

Follistatin is a glycoprotein believed to be secreted from the liver [1], 
but it is also expressed in several extrahepatic tissues. Follistatin in-
activates the effect of several members of the transforming growth 
factor-β (TGF-β) family, including activins, bone morphogenetic pro-
teins and myostatin [2–4] involved in regulation of muscle mass [5,6], 
reproduction [7], inflammation [8] and bone metabolism [9]. Recent 
studies in mice have reported conflicting results with respect to the 
overall effects of follistatin on glucose metabolism; thus overexpression 
of follistatin in muscles improved insulin-mediated glucose-uptake [5] 
whereas knock-down of hepatic follistatin improved glucose tolerance 
by lowering of hepatic glucose production [10]. Interestingly, antibody 
mediated inhibition of the activin type 2 receptor signaling pathway, 

which is inhibited by follistatin, resulted in loss of body fat mass and 
improved glycemic control in a phase 2 clinical trial of patients with 
overweight and type 2 diabetes [11]. 

Circulating concentrations of follistatin in the fasting state are 
increased in dysmetabolic conditions characterized by insulin resis-
tance, including type 2 diabetes [12–14], polycystic ovary syndrome 
[15] and non-alcoholic fatty liver disease (NAFLD) [16]. Follistatin 
secretion from the liver is believed to be regulated by circulating levels 
of glucagon and insulin, with glucagon stimulating and insulin inhibit-
ing follistatin secretion [1], suggesting that a high glucagon-to-insulin 
ratio is important in the regulation of follistatin. Increased concentra-
tions of follistatin in dysregulated metabolic conditions could be 
attributed to an increased glucagon-to-insulin ratio caused by increased 
hepatic insulin resistance and concomitant hyperglucagonemia [17]. 
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Roux-en-Y gastric bypass surgery (RYGB) leads to major weight loss 
[18] and resolution of the dysmetabolic conditions including type 2 
diabetes and NAFLD [19,20], but the results on follistatin secretion have 
been conflicting with both increased, reduced or unchanged fasting 
concentrations postoperatively [5, 10, 21, 22]. The effect of sleeve 
gastrectomy (SG) on follistatin secretion has not been investigated 
previously. Moreover, there is limited information about the post-
prandial regulation of follistatin secretion. 

Following a mixed meal in healthy young individuals, the concen-
tration of follistatin was increased [23]. Fructose ingestion increased 
follistatin concentration [24], while follistatin was unchanged after 
glucose and lipid challenges (oral and intravenous) [22,25]. Recently, 
our group have demonstrated increased circulating follistatin after 
protein ingestion, but not glucose or fat ingestion, in obese individuals 
independently of previous RYGB; the increase tended to correlate with 
an increase in glucagon [25]. 

In this study, we investigated the postprandial regulation of folli-
statin after a mixed meal in patients who had undergone RYGB, SG and 
in control subjects matched for body mass index (BMI), age, sex and for 
the bariatric groups also matched for postoperative weight loss. In 
addition, the postprandial regulation of follistatin was studied when 
glucagon secretion was increased and insulin secretion was lowered, 
using a GLP-1 receptor antagonist in subjects who had undergone RYGB. 
We hypothesized that a high postprandial glucagon-to-insulin ratio 
would enhance the secretion of follistatin. 

2. Materials and methods 

2.1. Study design (study 1) 

We used plasma samples from two previously published studies. 
Study 1 [26] included 12 subjects who had undergone previous un-
complicated RYGB > 12 months earlier (RYGB), 12 subjects who had 
undergone SG > 12 months earlier (SG) and 12 unoperated control 
subjects (CON). Details of the study protocol have been described else-
where [26]. The study was approved by the Regional Ethical Committee 
of the Capital Region (Protocol number: H-15009263) and by the Danish 
Data Protection Agency. The study was performed in accordance with 
the Helsinki declaration and was registered at ClinicalTrials.gov 
(NCT03046186). All subjects gave written informed consent prior to 
inclusion. All three groups were matched individually on age, sex, cur-
rent BMI and the two bariatric groups also on preoperative BMI. All 
subjects were weight stable and had normal glucose tolerance with no 
history of diabetes. 

In short, subjects received 8-hour intravenous infusions of stable 
isotopes, including tracers of glucose, glycerol and amino acid meta-
bolism as previously described [26]. Following 2-hours of tracer in-
fusions, subjects were provided a liquid mixed meal (200 mL, 400 kcal, 
carbohydrate 50 energy percent (E%)(glucose (dextrose monohydrate), 
protein 15 E% (caseinate), and fat 35 E% (rapeseed oil) to which was 
added a stable glucose isotope and one gram of crushed paracetamol 
(Pamol; Nycomed, Roskilde, Denmark)) to estimate intestinal nutrient 
entry. The caseinate in the meal was intrinsically labeled with 11.8% 
[15N]phenylalanine enrichment of the phenylalanine (Arla Foods, Nørre 
Virum, Denmark). The production of intrinsically labeled caseinate 
followed a previously described procedure [27]. The mixed meal was 
consumed evenly over 20 min and blood was sampled. Fasting blood 
samples were obtained 30 and 0 min before the meal. Following the 
meal, blood samples were obtained every 30 min for the first hour, and 
afterwards every hour for the last 5 h. 

2.2. Study design (study 2) 

Study 2 [28] included 12 obese patients who had undergone previ-
ous uncomplicated RYGB and were still in the weight loss phase 3–6 
months postoperatively. Details of the study protocol have been 

described elsewhere [28]. The study was approved by the Regional 
Ethical Committee of the Capital Region (Protocol number: 
H-12013131) and by the Danish Data Protection Agency. The study was 
performed in accordance with the Helsinki declaration and was regis-
tered at ClinicalTrials.gov (NCT02336659). All subjects gave written 
informed consent prior to inclusion. 

Subjects had normal glucose tolerance at the time of inclusion. Prior 
to surgery, two subjects had type-2 diabetes, but glycemic control was 
normalized postoperatively. In randomized order, subjects underwent 
four semi-solid mixed meal tests consisting of half a slice of wholemeal 
toast with one slice of cheese, margarine spread and marmalade, 2 dl of 
yogurt with glucose syrup, 20 g of oatmeal, 16 raisins, and five almonds 
(364 kcal, 53 E% carbohydrate, 33 E% fat, and 14 E% protein) with one 
gram of crushed paracetamol to estimate intestinal nutrient entry. Only 
two of the four mixed meal tests were included for analysis in this study, 
namely those with additional infusions of exendin-(9− 39) (Ex9) (900 
pmol*kg-1 *min-1, Bachem, Switzerland)) and placebo (saline). The in-
fusions were started 30 min before the mixed meal. The mixed meal was 
consumed evenly over 20 min. Fasting blood samples were obtained 
prior to the infusion (T = − 30 min) and the meal (T = 0 min). Following 
the meal, blood samples were obtained every 30 min for the first hour, 
and afterwards every hour for 4 h. After 4 h, the subjects received an ad 
libitum lunch, consisting of mixed pasta bolognese (533 kJ/100 g, car-
bohydrate 53E%, protein 14E% and fat 33E%) and blood was sampled 
for another hour following the lunch. 

2.3. Plasma analyses 

The plasma concentrations of follistatin in both studies were 
analyzed using a sandwich ELISA kit (DFN00, R&D Systems Inc., Min-
neapolis) with a sensitivity of 83 pg/mL. In study 2, samples from 10 
subjects in each group were analyzed. Measurements of plasma 
glucagon (study 1: glucagon assay directed against the C-terminal of the 
glucagon molecule (antibody code no. 4305), study 2: Linco assay, 
Millipore, Billerica, MA) and serum C-peptide (used as an estimate of 
prehepatic insulin concentrations) were described previously [26,28]. 
Oral rate of appearance of phenylalanine (Oral Ra Phe) and total plasma 
amino acids (AA) in study 1 were measured and calculated as previously 
described [26]. 

2.4. Statistical analysis 

The total-area under the curve (tAUC) was calculated using the 
trapezoid rule, incremental AUC (iAUC) by subtracting baseline values 
and the positive incremental AUC (piAUC) by only including values 
above the baseline. The glucagon-to-C-peptide ratio was calculated as 
the ratio between tAUCs. Fasting concentrations, AUC and iAUC of 
glucagon, C-peptide, Oral Ra Phe and total amino acids have previously 
been reported [26,28], but not piAUCs, tAUCs or the 
glucagon-to-C-peptide ratio. For comparisons of the postprandial time 
courses of follistatin, repeated measurements mixed-effects models were 
used with intervention (the three groups for study 1, and type of infusion 
for study 2) and time as fixed effects and subject as random effect. Other 
data were analyzed via paired t-test or via one-way ANOVA. Data are 
presented as means ± SEM. P < 0.05 was considered statistically sig-
nificant. * =p < 0.05, * *=p < 0.01, * ** =p < 0.001. Statistical analyses 
were performed in GraphPad Prism 9.4.1 (https://www.graphpad. 
com/). 

3. Results 

3.1. Subject characteristics 

As previously reported, subjects in study 1 [26] were weight stable, 
matched on BMI, gender and age and the surgical groups were also 
matched on preoperative BMI, and consequently had similar 
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postoperative weight loss (Table 1). Subjects in study 2 [28] included 
patients who had undergone uncomplicated RYGB surgery 5 months 
previously and were still in the weight loss phase. Clinical data of the 
subjects are summarized in Tables 1 and 2. 

3.2. Postprandial secretion of follistatin in bariatric patients 

In study 1, fasting concentration of plasma follistatin (Fig. 1A) did 
not differ between the three groups. The profile of postprandial folli-
statin secretion differed between the three groups (time x group inter-
action p < 0.05). After RYGB, the postprandial increase in plasma 
follistatin was leftward shifted compared with SG and CON. 

At t = 240 min, plasma follistatin increased by 1.7-fold; [1.0–2.4] 
(mean; [95% CI] from fasting concentrations) in RYGB operated sub-
jects, while follistatin was not increased in SG and CON (1.1-fold; 
[0.9–1.3] and 0.8-fold; [0.6–0.9], respectively) compared with fasting 
concentrations. Plasma follistatin at t = 300 min was increased 2.4-fold; 
[1.4–3.4] in RYGB, 1.4-fold; [1.1–1.8] in SG and was not increased in 
CON (1.1-fold; [0.9–1.2]) compared with fasting concentrations 
whereas at t = 360 min follistatin increased 2.1-fold; [1.3–2.8] in RYGB, 
1.8-fold; [1.4–2.1] in SG and 1.6-fold; [1.3–1.9] in CON relative from 
fasting concentrations. 

The piAUC of follistatin (Fig. 1 B) was significantly higher in RYGB 
compared with SG (p < 0.05) and CON (p < 0.01), while piAUC of fol-
listatin did not differ between SG and CON (p = 0.35). Neither piAUC of 
glucagon nor piAUC of C-peptide (Fig. 1 D, G) differed between the three 
groups, however the timing of release differed between groups (time x 
group interaction p < 0.05 for glucagon and p < 0.05 for C-peptide, 
respectively) (Fig. 1C, F) with shorter time to peaks of glucagon and C- 
peptide in RYGB compared with CON, a shorter time to peak of C-pep-
tide in SG compared with CON but no significant differences between 
RYGB and SG (Fig. 1 E, H). There were no differences in the glucagon-to- 
C-peptide-ratio (Fig. 1 I) between the three groups (p = 0.47). 

Oral Ra Phe differed between the three groups (time x group inter-
action p < 0.05), with the shortest time to peak in RYGB followed by SG 
and then CON (Fig. 2A, C). However, no differences in piAUC were 
observed between the three groups (Fig. 2 B). 

The postprandial concentration of total AA differed between the 
three groups (time x group interaction p < 0.05) with shorter time to 
peak in RYGB compared with CON and SG, while there were no differ-
ences between SG and CON. Also, piAUC of total AA in RYGB was 
increased compared with CON (p < 0.01) but without significant dif-
ference between SG and RYGB (p = 0.14) or SG and CON (p = 0.10) 
(Fig. 2 E, F, G). 

3.3. The effect of exendin-(9− 39) on postprandial follistatin after RYGB 

Fasting concentrations of follistatin in study 2 did not differ between 

the two study days (Fig. 3A). Likewise, there were no differences be-
tween the two study days regarding the postprandial profile (time x 
intervention interaction p = 0.09) or piAUC (p = 0.65) (Fig. 3A, B). 
piAUC of plasma glucagon was significantly increased during Ex9 
compared with placebo (p < 0.01) (Fig. 3 D) while piAUC and time to 
peak of serum C-peptide was significantly lowered during Ex9 compared 
with placebo (p < 0.01 and p < 0.01, respectively) (Fig. 3G, H). 
Accordingly, the glucagon-to-C-peptide-ratio was significantly increased 
during Ex9 compared with placebo (p < 0.001) (Fig. 3 H). 

4. Discussion 

The aim of the present study was to investigate the postprandial 
regulation of follistatin in individuals who had undergone bariatric 
surgery and to investigate the importance of the glucagon-to-insulin 
ratio for postprandial secretion of follistatin. We found that follistatin 
secretion was accelerated following a mixed meal in RYGB-operated 
individuals compared with SG-operated individuals and unoperated 
controls. We had hypothesized that increased circulating glucagon and 
lowered insulin secretion during administration of the GLP-1 receptor 
antagonist Ex9 would increase postprandial follistatin concentrations. 
However, in contrast to our hypothesis, the concentration of post-
prandial follistatin was unaltered when the glucagon-to-insulin ratio 
was increased in RYGB-operated individuals during an Ex9-infusion. 

In study 1, the fasting concentrations of follistatin did not differ 
between RYGB, SG and controls. The subjects in each group were indi-
vidually matched, including on BMI, which suggests that bariatric sur-
gery in itself does not affect the fasting concentration of follistatin in line 
with previous observations in a smaller study [25]. Moreover, post-
operative changes in follistatin concentrations found in previous studies 
[5,21,22] may be mediated by the postoperative weight loss and/or 
resolution of the metabolic perturbations. In study 1, subjects were 
weight stable with an average time from surgery of 2 years, while in the 
previous studies follistatin concentrations were measured during an 
ongoing weight loss up to 1 year postoperatively. 

Follistatin secretion was accelerated after intake of a mixed meal in 
RYGB-operated individuals compared with SG-operated subjects and 
unoperated controls. There were no significant differences in follistatin 
concentrations between SG and CON. In RYGB, both amino acid ab-
sorption and glucagon secretion were accelerated in line with faster 
intestinal nutrient exposure after RYGB compared with SG and CON 
which is a direct consequence of the altered postoperative upper GI 
anatomy [26]. Accelerated amino acid absorption and/or glucagon 
secretion could therefore contribute to the accelerated follistatin 
secretion. 

However, while the glucagon-to-insulin ratio previously was 
demonstrated to be important for follistatin secretion [1], the acceler-
ated follistatin secretion after RYGB was not explained by an increased 
glucagon-to-insulin ratio since there were no differences in the 
glucagon-to-C-peptide ratios between the three groups in this study. 
Moreover, the secretion of insulin was also accelerated concomitantly 
with glucagon in the RYGB group. An accelerated amino acid absorption 
as an important regulator of postprandial follistatin secretion in RYGB 
would be consistent with our previous findings that protein ingestion is 

Table 1 
Subjects characteristics from study 1.   

RYGB SG CON P 
value 

Age (years) 43.0 ± 2.1 42.8 ±
3.3 

44.9 ±
3.4 

0.86 

BMI (kg/m2) 33.5 ± 2.1 33.4 ±
2.4 

33.4 ±
1.7 

0.99 

Number (men/woman) 3/9 3/9 3/9  
Preoperative BMI, (kg/m2) 44.1 ± 2.4 44.0 ±

2.0 
- 0.96 

Postoperative excess BMI loss, 
(percentage) 

61 ± 7 60 ± 8 - 0.94 

Time from surgery, (median, 
[IQR]) (years) 

2.1 [2.0, 
2.3] 

1.8 [1.4, 
2.0] 

- 0.04 

BMI, body mass index; RYGB, Roux-en-Y gastric bypass; SG, Sleeve gastrectomy; 
IQR, Interquartile range. Data presented as means ± SEM, except for time from 
surgery. Data previously published in [26]. 

Table 2 
Subjects characteristics from study 2.   

RYGB 

Age (years) 36.7 ± 2.3 
BMI (kg/m2) 33.3 ± 2.0 
Number (men/woman) 4/6 
Time from surgery, (median, [IQR]) (months) 4.4 [4.0, 5.3] 

BMI, body mass index; RYGB, Roux-en-Y gastric bypass; IQR, Interquartile 
range. Data presented as means ± SEM, except for time from surgery. Data from 
the total cohort (n = 12) previously published in [28]. 
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Fig. 1. Concentrations (left), positive incremental area under the curve (piAUC; middle) and time to peak (right) of plasma follistatin (A, B), plasma glucagon (C, D, 
E) and serum C-peptide (F, G, H) and the glucagon-to-C-peptide ratio (I) in response to a mixed meal in RYGB-operated individuals (RYGB, •⌷, black line, black bar), 
SG-operated individuals (SG, ■, dashed line, shaded bar) or unoperated control individuals (Control, ▴, grey line, grey bar) from study 1. Data are presented as 
means ± SEM. RYGB, Roux-en-Y gastric bypass, SG, Sleeve gastrectomy. *p < 0.05 and * *p < 0.01 for the comparisons between groups. Concentrations of plasma 
glucagon (C) and serum C-peptide (F) were previously published in [26]. 
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important for postprandial follistatin secretion [25]. However, 
compared to our previous study, where increases in circulating folli-
statin were observed at 180 min after intake of whey protein [25], the 
secretion of follistatin in this study was delayed. This may be explained 
by different types of protein in the meals and the amount of protein 
ingested. In our previous study, a large amount (45 g) of the rapidly 
absorbed whey protein was used compared to 15 g of more slowly 
absorbed caseinate in the current study [29,30]. The differences in 
amount and absorption kinetics of the two proteins may explain the 
different timing of postprandial follistatin secretion in the two studies. 

In study 2, we compared the postprandial regulation of follistatin in 
individuals after RYGB with and without infusion of the GLP-1 receptor 
antagonist exendin-(9− 39) to explore the effects of increased glucagon 
and concomitant lowered insulin secretion on postprandial follistatin 
concentrations, since GLP-1 is known to inhibit glucagon and stimulate 
insulin secretion [31]. To our knowledge, no regulatory effect of GLP-1 
on follistatin secretion has been described. Ingestion of glucose stimu-
lates GLP-1 secretion markedly in RYGB-operated individuals [32], but 
follistatin was unchanged after glucose intake in RYGB [25], suggesting 
that increased GLP-1 signaling has no direct effect on follistatin 
secretion. 

During the Ex9 infusion, both the glucagon concentration and the 
glucagon-to-C-peptide ratio were increased as expected after the mixed 
meal, but there were no differences in postprandial follistatin concen-
tration between the Ex9 and placebo day. A limitation of study 2 could 
be the blood sampling period of 4 h after the semisolid breakfast meal 
(5 h in total) compared with the 6 h blood sampling after the liquid meal 
in study 1. However, in the previous study by Hansen et al. [1], the 

stimulatory effect of glucagon and the high glucagon-to-insulin ratio on 
follistatin secretion was demonstrated already after 2 h in unoperated 
healthy men using an intravenous infusion of glucagon with concomi-
tant suppression of insulin with somatostatin. In their study, the plasma 
concentration of glucagon was much higher (~100 pmol/L) compared 
with our study (peak of ~40 pmol/L). Thus, this could suggest that 
neither glucagon nor the glucagon-to-insulin ratio have immediate ef-
fects on the postprandial concentration of follistatin in the physiological 
range observed in RYGB-operated individuals but may have an impact in 
the pharmacological range. Instead, it could be speculated that amino 
acids and the rate of amino acid uptake might be more important than 
glucagon in stimulating follistatin secretion after meal intake. 

Follistatin binds to and inhibits members of transforming growth 
factor β (TGF-β) superfamily, including activin A and myostatin that 
regulates muscle mass negatively [33]. In humans, activin A may be 
more important than myostatin in regulating muscle mass [33]. Activin 
A and myostatin signal through the activin type 2 receptor signaling 
pathway. In mice, overexpression of follistatin resulted in skeletal 
muscle hypertrophy [34,35], and antibody-mediated inhibition of the 
activin type 2 receptor in humans increased muscle mass and metabolic 
health in older adults and individuals with type-2 diabetes [11,36]. 
Together, these findings suggest that increased follistatin signaling may 
have metabolic benefits. The increased fasting concentrations of folli-
statin in dysmetabolic conditions [12,16], could be speculated represent 
a compensatory mechanism secondary to dysregulated metabolism. 
Therefore, amino acids as a physiological stimulus for postprandial 
follistatin secretion as previously suggested by our group [25] would fit 
the hypothesis of follistatin as regulator of muscle mass [5,6] in response 

Fig. 2. Oral rate of appearance (A), positive incremental area under the curve (piAUC; B) and time to peak (C) of phenylalanine absorption and concentration (D), 
piAUC (E) and time to peak (F) of plasma amino acids in response to a mixed meal in RYGB-operated individuals (RYGB, •⌷, black line, black bar), SG-operated 
individuals (SG, ■, dashed line, shaded bar) or unoperated control individuals (Control, ▴, grey line, grey bar) from study 1. Data are presented as means 
± SEM. RYGB, Roux-en-Y gastric bypass, SG, Sleeve gastrectomy. * *p < 0.01 and * **p < 0.001 for the comparisons between groups. Oral rate of appearance of 
phenylalanine (A), time to peak of oral rate of phenylalanine (C) and concentrations of plasma amino acids serum (D) were previously published in [26]. 
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Fig. 3. Concentrations (left), positive incremental area under the curve (piAUC; middle) and time to peak (right) of plasma follistatin (A, B), plasma glucagon (C, D, 
E) and serum C-peptide (F, G, H) and the glucagon-to-C-peptide ratio (I) in response to a mixed meal in Roux-en-Y gastric bypass operated individuals during exendin- 
(9− 39)(•⌷, black line, black bar) or placebo(▴, grey line, grey bar) infusions in study 2. Dashed line indicates start of ad libitum meal. Data are presented as means 
± SEM. * *p < 0.01 and * **p < 0.001 for the comparisons of exendin vs. placebo. Exendin, Exendin-(9− 39). Concentrations of glucagon and C-peptide were 
previously published in [28]. 
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to protein intake. Further studies are required to investigate whether 
there are direct effects of amino acids on follistatin secretion indepen-
dently of glucagon or the glucagon-to-insulin ratio. 

The present study has limitations. Primarily, the two studies 
included were not designed to evaluate the postprandial regulation of 
follistatin. Consequently, two different mixed meals were used (liquid 
vs. semi-solid) and furthermore study 2 included an ad libitum lunch, 
making the experimental conditions different between the two studies. 
Finally, the time from surgery differed between the two studies, which 
may affect the results. 

In conclusion, we demonstrate that the secretion of plasma follistatin 
after a mixed meal was accelerated in RYGB compared with SG-operated 
subjects and controls, which in theory could be explained by an accel-
erated amino acid uptake in RYGB. We also demonstrate that the post-
prandial regulation of follistatin was unaffected by increased circulating 
glucagon and lowered insulin secretion after administration of the GLP-1 
receptor antagonist Ex9 in RYGB. Thus, we hypothesize that the post-
prandial secretion rate of follistatin may be regulated by circulating 
amino acids rather than the glucagon-to-insulin ratio, at least in in-
dividuals who have undergone Roux-en-Y gastric bypass. 
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