
Clin Case Rep. 2021;9:e04830.	﻿	     |  1 of 5
https://doi.org/10.1002/ccr3.4830

wileyonlinelibrary.com/journal/ccr3

1   |   INTRODUCTION

We report the case of a 47-year-old female patient with 
type 1 diabetes mellitus receiving insulin pump therapy, 
who experienced severe hypoglycemia when commenced 
on colesevelam for bile acid malabsorption; symptoms 
resolved once the medication was discontinued, high-
lighting the potential of bile acid sequestrants for hypo-
glycemia. Action mechanisms are discussed.

Colesevelam is known to reduce LDL cholesterol and 
glucose.1 Colesevelam's glucose-lowering effect, although 
not fully understood,2 is thought to be mediated by altering 
glucose metabolism in the intestine and liver.3 Although 
instances of hypoglycemia linked to colesevelam have 
been reported,4 there is no mention of this potential side-
effect in the summary of product characteristics (SmPC) 
for either colesevelam or its sister drug, cholestyramine.

We report the case of a 47-year-old female patient with 
type 1 diabetes mellitus (T1DM) receiving insulin pump 

therapy, who was started on colesevelam for bile acid 
malabsorption. While taking the drug, she experienced a 
number of severe hypoglycemic episodes; symptoms re-
solved once the medication was discontinued.

The case highlights that caution should be exercised 
when prescribing colesevelam or other bile acid seques-
trants (BAS) in people with type 1 diabetes; mechanisms 
of action are further discussed.

2   |   CASE HISTORY

A 47-year-old female patient with type 1 diabetes melli-
tus (T1DM) receiving insulin pump therapy attended the 
diabetes outpatient clinic for annual follow-up. She had 
T1DM of 22  years duration with reasonably good glyce-
mic control (HbA1c of 62 mmol/mol); she had been com-
menced on insulin pump therapy 2 years before because 
of severe hypoglycemia on a daily basis, despite optimized 
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specialist diabetes care and education. Following the 
initiation of pump therapy, blood glucose levels stabi-
lized, with hypoglycemia occurring approximately once 
monthly.

Past medical history included bile acid (BA) malab-
sorption of unknown etiology, background diabetic reti-
nopathy, and hypercholesterolemia. She was of slim build; 
body mass index (BMI) was 21.1 kg/m2.

Colesevelam 625 mg (2–3 times daily) was initiated by 
her gastroenterologist because of nausea, belching, and 
diarrhea, as a 10-day trial in the hope of symptomatic re-
lief. However, 3 days post-commencement she started ex-
periencing recurrent and severe hypoglycemia (as low as 
1.8 mmol/L).

On the 7th day, she discontinued the medication be-
cause of concerns over hypoglycemia, despite an improve-
ment in her gastrointestinal symptoms. Its cessation led to 
resolution of her hypoglycemic symptoms; she denied any 
changes to her insulin regime, diet, weight, or physical ac-
tivity during this period.

Because of colesevelam's effectiveness in relieving gas-
trointestinal symptoms, she was keen to restart it, agreeing 
to colesevelam, and insulin dose adjustments. On endo-
crinological advice, she reduced both prandial and basal 
insulin doses by 30%, while colesevelam was cautiously 
re-introduced at a dose of 625 mg with meals, 7 days fol-
lowing the initial 7-day trial.

3   |   INVESTIGATIONS

According to the pump-generated reports (Figure 1), prior 
to colesevelam initiation, only 1% of total capillary blood 
glucose readings were within the hypoglycemic range 
(<4 mmol/L); this increased to 7% post-recommencement. 

The frequency of hypoglycemia increased in both fasting 
and postprandial periods. Her average total daily insulin 
dosage decreased from 45.2  IU (0.72  IU/kg) to 29.9  IU 
(0.46  IU/kg). HbA1c was lowered from 62 to 58  mmol/
mol. However, due to constipation and recurrence of hy-
poglycemia, it was permanently discontinued, following 
the second four-week trial (Figure 2).

4   |   OUTCOME

Once colesevelam stopped, hypoglycemic episodes re-
solved (Figure  3). The side effects experienced by our 
patient were reported to the MHRA (Medicines and 
Healthcare Products Regulatory Agency) through the 
Yellow Card reporting scheme.

5   |   DISCUSSION

Colesevelam is known to reduce LDL cholesterol and glu-
cose.1 Colesevelam's glucose-lowering effect, although not 
fully understood,2 is thought to be mediated by altering 
glucose metabolism in the intestine and liver.3

Colesevelam is a BA sequestrant (BAS) binding to 
bile acids (BA) forming the BAS-BA complex,4 which 
induces glucagon-like peptide-1 (GLP-1) production by 
the enteroendocrine L cells in the intestine, potentiating 
the insulin effect. The effect could be possibly mediated 
through the inhibition of farnesoid X receptor (FXR) and 
G protein-coupled bile acid receptor 1 (TGR5).3 FXR is a 
nuclear receptor mainly expressed in the liver, the intes-
tine (possibly in L-cells, too), while TGR5 can be found in 
the small and large intestine, gall bladder, and ileum.3 In 
animal studies and human intestinal biopsies, it has been 
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found that FXR activation decreases proglucagon mRNA 
levels, inhibits glucose-induced proglucagon expression, 
and decreases glycolysis and glucose-induced GLP-1 se-
cretion. Moreover, FXR deficiency increases proglucagon 
mRNA and GLP-1 levels, improving glycemia through the 
GLP-1R pathway: overall, BA sequestrants improve glyce-
mia and GLP-1 production via FXR,5 although the effect is 
rather modest when compared to dipeptidyl peptidase-4 
inhibitors.2

Another mechanism proposed, that may contribute 
to glucose lowering, involves the cholesterol-linked post-
transcriptional gene regulation in liver: colesevelam in-
duces the expression of the miR-96/182/183 cluster of 
miRNAs in the hepatic cells, likely through increased 
sterol regulatory element-binding protein 2 (SREBP-2) ac-
tivity, improving hepatic lipid and glucose metabolism.5 
Hepatic FXR activation was also found to lead to decreased 
activity of a closely related SREBP, SREBP-1, which results 
in decreased lipogenesis and increased lipolysis.6

Evidence that these pharmacological off-target effects 
of colesevelam may represent a class effect is suggested 
by the results of a short-term, double-blind, crossover 
trial demonstrating that cholestyramine, another BAS, 
may reduce serum glucose concentrations by 13% in non–
insulin-treated patients with diabetes.7

Colesevelam has been clinically studied in patients 
with type 2 diabetes mellitus (T2DM), with the com-
monest side effect being gastrointestinal disturbance, 
particularly constipation.4 In a systematic review,4 only 
few episodes of hypoglycemia were described, all of 
them being non-severe. A 52-week open-label extension 
study on a population of 360 people with type 2 diabetes 
(on insulin, metformin, or sulfonylureas) showed that 
upon addition of colesevelam, 17 (3.3%) experienced 
mild-to-moderate hypoglycemia.8 From those subjects 
11 were on insulin-based, 5 on sulfonylurea-based, and 1 
on metformin-based therapy. It is difficult to disentangle 
the overall effects of colesevelam from other antidiabetic 

F I G U R E  2   On colesevelam treatment - 9 documented hypoglycaemic episodes
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agents, though, because of the paucity of studies com-
paring colesevelam to placebo in the absence of other 
glucose-lowering agents.4

Regarding T1DM, a randomized double-blind trial ex-
ploring potential benefits of colesevelam9 did not record 
any episodes of severe hypoglycemia. It is of note, how-
ever, that one of the exclusion criteria was the presence 
of previous unexplained severe hypoglycemia in the past 
6 months,9 potentially making the inclusion of prone-to-
hypoglycemia patients less likely. Another study showed 
no effect on postprandial glucose levels and concluded 
that colesevelam has no effect on peripheral insulin sen-
sitivity or glucose absorption. However, it did increase 
whole-body insulin sensitivity.10

Finally, a potential third mechanism involving the in-
testinal SGLT-1 transporter is demonstrated in bariatric 
surgery studies. Bile diversion in gastric bypass modifies 
sodium-glucose transport and postprandial glucose ab-
sorption, through the modulation of intestinal trafficking 
of endogenous sodium.11,12 More specifically, following 
Roux-en-Y gastric bypass, glucose is only absorbed in 
the common intestinal limb, where ingested food meets 
bile. Conversely, glucose absorption is blunted in the bile-
deprived alimentary limb, while it is fully restored upon 
addition of bile in this segment.12 This finding demon-
strates that in an intestinal segment where bile acid ab-
sorption does not take place, glucose absorption is also 
inhibited, introducing a potential correlation between 
bile acid sequestration and decreased intestinal glucose 
absorption. It has been proposed that the inhibition of 
SGLT-1 sodium-glucose transport in the alimentary limb 
could be induced by the deprivation of sodium load pres-
ent in bile11; moreover, SGLT-1 inhibition leads to in-
creased GLP-1 secretion.13,14

6   |   CONCLUSION

We conclude that clinicians should be aware of hypo-
glycemia when combining sulphonylureas or insulin 
with BAS. Given the lack of SmPC (Summary of Product 
Characteristics) documentation for this side effect for bile 
acid sequestrants available for use in the UK (colesevelam 
and cholestyramine), this case highlights the need for cli-
nicians to remain vigilant and report similar cases to the 
MHRA.
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