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 Patient: Male, 44
 Final Diagnosis: Type 2 diabetes
 Symptoms: Hunger • increased appetite
 Medication: GLP-1 receptor agonist • SGLT-2 inhibitor
 Clinical Procedure: —
 Specialty: Internal Medicine/Diabetology

 Objective: Unusual or unexpected effect of treatment
 Background: A detailed description is given of a case we encountered in which unexpectedly marked weight gain occurred 

following a treatment switch from a GLP-1 receptor agonist to an SGLT-2 inhibitor.
 Case Report: The patient, a 44-year-old man with type 2 diabetes mellitus, had gained about 10 kg in weight in the previ-

ous year. Therefore, metformin was replaced with liraglutide to obtain reduction of body weight. Although the 
patient lost about 8 kg (7%), during the 18-month period on the medication, the weight loss stabilized; there-
fore, the treatment was again switched to tofogliflozin to obtain further reduction of body weight. However, 
the patient reported increasing hunger and an exaggerated appetite from week 3 onward after the start of 
tofogliflozin, and gained about 9 kg in weight within 2 weeks, associated with a tendency towards increased 
HbA1c; therefore, tofogliflozin was discontinued. Immediate reinstitution of liraglutide resulted in reduction of 
the increased appetite, weight, and HbA1c level.

 Conclusions: Caution should be exercised against hyperphagia and weight gain due to hunger that may occur following dis-
continuation of a GLP-1 receptor agonist and/or initiation of an SGLT-2 inhibitor.

 MeSH Keywords: Body Weight Changes • Diabetes Mellitus, Type 2 • Glucagon-Like Peptide 1 • 
Sodium-Glucose Transporter 2

 Abbreviations: GLP-1 – glucagon-like peptide-1; SGLT-2 – sodium glucose cotransporter-2; HbA1c – glycated hemoglobin; 
BMI – Body mass index
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Background

Glucagon-like peptide-1 (GLP-1) receptor agonists are ideal as 
hypoglycemic agents for patients with obesity and type 2 dia-
betes mellitus, as they exert both an appetite-suppressing and 
weight-reducing effect via their actions on the central nervous 
system (CNS) and stomach [1,2], but their weight-reducing ef-
fect appears to diminish within 6 months.

Another new class of hypoglycemic agents with a promising 
weight-reducing effect is the class of sodium glucose cotrans-
porter-2 (SGLT-2) inhibitors. These drugs act through a nov-
el mechanism: they promote urinary glucose excretion by in-
hibiting glucose reabsorption in the uriniferous tubules [3]. 
Tofogliflozin is the most highly selective for SGLT-2 among the 
inhibitors. However, we recently encountered a case in which 
conspicuous weight gain occurred within a short period, af-
ter the therapy was switched from liraglutide to a tofogliflozin 
because of stabilized weight loss.

Case Report

The patient was a 44-year-old man, with an unremarkable fam-
ily medical history and no history of habitual drinking or smok-
ing. He had a history of having been diagnosed with fatty liver, 
gout, and hypertension. He was already obese, weighing 85 kg 
(body mass index [BMI] 25.4) even at age 20, and his weight 

reached a peak of 116 kg (BMI, 34.6; height 183 cm) when he 
was 38 years old. In 2011, at age 40, the patient visited our 
hospital with the complaints of tinnitus and dizziness, and 
was diagnosed as having sudden deafness; at the same time, 
he was detected for the first time as having abnormal glucose 
tolerance. Initial examination revealed a high HbA1c value of 
10.0% and a high postprandial blood glucose level of 265 mg/
dL, with evidence of insulin hypersecretion. Because he was 
found to be negative for diabetes-related autoantibodies, a di-
agnosis of type 2 diabetes mellitus was made. There was no 
evidence of diabetic retinopathy or nephropathy. During hos-
pitalization for the treatment of hearing loss, the patient was 
administered short-term insulin treatment for the control of 
blood glucose, and by the time of discharge, he had lost about 
7 kg. His subsequent clinical course is illustrated in Figure 1. 
With oral metformin administered at the dose of 500 mg/d, 
the HbA1c was maintained at about 6%; however, his weight 
rebounded by 10 kg within 1 year. The biguanide as the hy-
poglycemic agent was therefore switched to a GLP-1 recep-
tor agonist (Liraglutide; Novo Nordisk Pharma Ltd.) starting 
November 2012, to obtain weight reduction.

Liraglutide therapy was initiated at the dose of 0.3 mg/d, with 
the dose raised weekly thereafter to 0.9 mg/d, which yield-
ed a favorably smooth body weight loss of a little less than 5 
kg (4%) from 115 kg during the first 6 months of treatment. 
However, the body weight decrease then became slower and 
fluctuated slightly due, at least in part, to a lack of physical 

Figure 1.  Clinical course. Changes in body weight ( ) and HbA1c ( ) over time and doses and durations of the drugs administered 
from 2011 to 2015.
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exercise from pressing work and dizziness. A weight loss of 
8 kg (7%) was finally achieved over an 18-month period, but 
the weight failed to reach the baseline. The HbA1c value re-
mained at around 6%, notwithstanding a slight tendency to-
wards increase. With apprehensions about a possible exacer-
bation of insulin resistance and worsening of glucose tolerance 
with the persistent overweight state, the therapy was again 
switched to 20 mg/day of tofogliflozin (Kowa Pharmaceutical 
Co. Ltd.) from July 2014, in anticipation of further weight reduc-
tion. The hematologic/blood chemical and urinalysis findings 
at this time are summarized in Table 1. There were no signif-
icant abnormalities, except for an elevated serum triglyceride 
level, which was attributed to the postprandial blood sampling.

The patient had no significant subjective symptoms and lost 
1 kg during the first 2 weeks of tofogliflozin therapy; however, 
from week 3 onwards of treatment, he began to experience in-
creased urinary frequency and hunger, with an uncontrollably 
exaggerated appetite. Because he rapidly gained about 9 kg of 
weight during the next 2 weeks, the tofogliflozin was discontin-
ued at the end of week 4. At the time of discontinuation of tofo-
gliflozin after a month of treatment, the HbA1c level was higher 
by 0.3% from the baseline. Tests for ketonuria were negative, 
and blood assays for fractionated ketones were not performed.

Liraglutide treatment was then immediately reinstituted at the 
dose level of 0.9 mg/day. The excessive appetite began sub-
siding from week 3 onward after the resumption of liraglu-
tide, along with rapid improvement of the HbA1c value. The 
patient complained of symptoms indicative of hypoglycemia 
at 4 months after the resumption of liraglutide, necessitating 
a dose reduction of the drug to 0.6 mg/d. During the first year 
after the resumption of liraglutide, the body weight gradually 
decreased by 4 kg (corresponding to nearly half of the gain).

Discussion

In regard to the weight-reducing effect of liraglutide, it was 
reported that weight was reduced by a little less than 10% 
(a difference by about 6% from the placebo group) within a 
short period of 6 months with 0.3 to 0.9 mg/d of liraglutide 
in obese type 2 Japanese diabetes patients [4]. As to the long-
term effect, weight-reducing effect was noted in about 80% of 
patients for 1 year and a weight loss of ³4% was maintained 
until the end of 2 years of treatment [5]. However, a close re-
view of the changes in the body weight over time has revealed 
that the weight loss was conspicuous until the first 6 months 
of treatment, following which it stabilized. According to data 
from a subanalysis of the LEAD-3 study, in which white peo-
ple made up about 80% of the study population, weight was 
reduced by 2.1 kg and 2.7 kg after 2-years of treatment with 
liraglutide at the dose of 1.2 mg/d or 1.8 mg/d, respectively. 

Blood chemistry

 AST (GOT) 40  IU/L

 ALT (GPT) 65 IU/L

 LDH 273 IU/L

 Alp 201 IU/L

 g-GTP 73 IU/L

 BUN 14.7 mg/dl

 Cr 0.87 mg/dl

 UA 6.1 mg/dl

 Na 143 mEq/L

 K 3.6 mEq/L

 Cl 106 mEq/L

 Tch 169 mg/dl

 HDL-c 41 mg/dl

 TG 186 mg/dl

 LDL-c 105 mg/dl

 NonHDL-c 128 mg/dl

 eGFR 76.7 ml/min/1.73 m2

Hematology

 WBC 78 *100/μl

 RBC 489 *104/μl

 Hb 14.7 g/dl

 Ht 41.7 %

 Plt 23.9 *104/μl

Urinalysis

 Protein –

 Glucose –

 Ketone –

 Urinary Pro/Cr ratio 0.03

 Urinary micro-Alb/Cr ratio 3.4

Data related diabetes mellitus

 HbA1c 6.0 %

 Plasma glucose 106 mg/dl

 Immunoreactive insulin 61.9 μU/m

 C-peptide 5.72 ng/ml

Table 1.  Laboratory findings at the time of initiation of 
treatment with tofogliflozin.
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As found in other studies, in this analysis body weight curve 
leveled off from 6 months onwards of treatment [6].

There are 2 types of GLP-1 receptor agonists in terms of the 
duration of action – short-acting and long-acting – and the li-
raglutide preparation referred to in this report belongs to the 
latter type. Short-acting GLP-1 receptor agonists (e.g., exena-
tide and lixisenatide) frequently produce gastrointestinal symp-
toms, while having a profound postprandial hypoglycemic ef-
fect owing to their potent action of delaying gastric emptying. 
Liraglutide, on the other hand, is a long-acting agonist caus-
ing only a modest delay in gastric emptying. In an animal ex-
perimental study, the activity of this drug of delaying gastric 
emptying diminished rapidly by day 14 after the start of treat-
ment [7]. In humans, such diminution of the effect, tachyphylax-
is, is also observed for this receptor agonist. It causes a lesser 
degree of gastrointestinal adverse effects because of tachy-
phylaxis 1-2 months after starting the medication [8]. We in-
ferred that the slowing of weight loss that was observed af-
ter 6 months of treatment with liraglutide in this patient was 
due to this tachyphylaxis phenomenon.

We initially thought that the appetite-suppressing effect of li-
raglutide was diminished. However, it would be reasonable 
to assume that the effect was sustained beyond 6 months of 
treatment according to the patient’s clinical course, which re-
vealed that the patient developed exaggerated appetite after 
the discontinuation of liraglutide and then the appetite sub-
sided again after reinstitution of the drug. It has been demon-
strated in an experimental study in rats that the centrally-medi-
ated appetite-suppressing effect of long-acting GLP-1 receptor 
agonists is sustained for longer than their effect of delaying 
gastric emptying [7]. It was therefore expected that the cen-
trally-mediated effect would persist in the present case as well.

SGLT-2 inhibitors promote urinary glucose excretion with a 
consequent loss of calories and reduction of body weight. A 
weight loss of nearly 2 kg occurred by 6 months after the start 
of treatment [9], and a mean weight loss of about 3 kg was 
observed following long-term treatment with this agent alone 
for 52 weeks. When this agent was administered as an add-on 
drug to other hypoglycemic drugs, a 1.6 to 3.8 kg weight loss 
was observed after 52 weeks of treatment [10]. These results 
compare favorably with those of trials of GLP-1 r receptor ag-
onists, indicating that tofogliflozin is a promising new drug. 
However, it was reported that tofogliflozin increased appetite in 
animal experiments by approximately 10% [11]. As for the time 
of onset of the appetite enhancement, experimental studies in 
rats treated with dapagliflozin have demonstrated that the to-
tal food intake increased from day 7 onward in animals treat-
ed with a high dose and from day 18 onward in those treated 
with a low dose; hence, the time of onset tended to be delayed 
in a dose-dependent fashion [12,13]. A 2-fold difference in the 

weight-reducing effect was also observed between a rat group 
on restricted diet and a rat group on ad libitum diet, indicating 
that the hyperphagia attenuates the weight-reducing effect.

The hyperphagia is not thought to be a direct action of the 
SGLT-2 inhibitor itself, since no SGLT-2 expression has been de-
tected in the brain. Furthermore, it is assumed that the hyper-
phagia may represent an adaptive or compensatory response 
to involuntary glucose excretion, inasmuch as it occurs not im-
mediately after the initiation of treatment with an SGLT-2 in-
hibitor, but after a delay [13]. In recent years, there have been 
an increasing number of papers reporting that hypothalamic 
neurons have the capacity to sense fluctuations in local nu-
trient concentrations and to modify the activity in response 
to that sensation [14]. When these findings are taken into ac-
count, it may be said that the hyperphagia is a consequence 
of physiological and adequate hypophyseal accommodations 
to changes in the energy sources, such as ketones and glu-
cose, which vary according to the fasting state.

It is unclear as yet as to how the appetite is altered in response 
to administration of a SGLT-2 inhibitor in humans. It is also un-
known whether the present patient became predisposed to the 
development of ketosis due to the administration of the SGLT-
2 inhibitor, since the case was not assessed in detail in this re-
spect. However, the timing of onset of the appetite enhance-
ment bore close resemblance to the animal experimental data, 
which strongly suggests that not only the discontinuation of 
the GLP-1 receptor agonist, but also treatment with the SGLT-2 
inhibitor had a causal bearing on the conspicuous weight gain.

Based on the above findings, GLP-1 receptor agonist is better than 
the SGLT-2 inhibitor to reduce weight. However, SGLT-2 inhibitor in-
creased glucagon levels [15] and GLP-1 receptor agonist decreased 
these levels [16] and will act symbiotically with the SGLT-2 inhib-
itor to reduce glucose levels. Saroka also reported that an SGLT-2 
inhibitor (canagliflozin) significantly further reduced mean HbA1C 
levels and body weight in patients with type 2 diabetes mellitus  
when added to a regimen of GLP-1 therapy [17]. Therefore, it would 
be more desirable to use the SGLT-2 inhibitor in conjunction with 
the GLP-1 receptor agonist to achieve further weight reduction 
without evoking hyperphagia, as in the present case.

Conclusions

The CNS-mediated appetite-suppressing effect of long-acting 
GLP-1 receptor agonists is likely to be long-sustained; there-
fore, caution needs to be exercised against possible enhance-
ment of appetite when the agonist medication is discontin-
ued. It should also be noted that an appetite-enhancing effect 
may be evoked by hunger that emerges about 2 weeks after 
the start of treatment with an SGLT-2 inhibitor.

866

Hamamoto H. et al.: 
Body weight gain and hyperphagia after administration of SGLT-2 inhibitor

© Am J Case Rep, 2015; 16: 863-867

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License



References:

 1. McKay NJ, Kanoski SE, Hayes MR et al: Glucagon-like peptide-1 receptor 
agonists suppress water intake independent of effects on food intake. Am 
J Physiol Regul Integr Comp Physiol, 2011; 301: R1755–64

 2. Hellström PM: Glucagon-like peptide-1 gastrointestinal regulatory role in 
metabolism and motility. Vitam Horm, 2010; 84: 319–29

 3. Vasilakou D, Karagiannis T, Athanasiadou E et al: Sodium-glucose cotrans-
porter 2 inhibitors for type 2 diabetes: a systematic review and meta-anal-
ysis. Ann Intern Med, 2013; 20; 159(4): 262–74

 4. Fujishima Y, Maeda N, Inoue K et al: Efficacy of liraglutide, a glucagon-like 
peptide-1 (GLP-1) analogue, on body weight, eating behavior, and glyce-
mic control, in Japanese obese type 2 diabetes. Cardiovasc Diabetol, 2012; 
11: 107

 5. Inoue K, Maeda N, Fujishima Y et al: Long-term impact of liraglutide, a glu-
cagon-like peptide-1(GLP-1)analogue, on body weight and glycemic con-
trol in Japanese type 2 diabetes: an observational study. Diabetol Metab 
Syndr,2014; 6: 95

 6. Garber A, Henry RR, Ratner R et al: Liraglutide, a once-daily human gluca-
gon-like peptide 1 analogue, provides sustained improvements in glycaemic 
control and weight for 2 years as monotherapy compared with glimepiride 
in patients with type 2 diabetes. Diabetes Obes Metab, 2011; 13: 348–56

 7. Jelsing J, Vrang N, Hansen G et al: Liraglutide: short-lived effect on gas-
tric emptying – long lasting effects on body weight. Diabetes Obes Metab, 
2012; 14(6): 531–38

 8. Nauck MA, Kemmeries G, Holst JJ et al: Rapid tachyphylaxis of the gluca-
gon-like peptide 1-induced deceleration of gastric emptying in humans. 
Diabetes, 2011; 60(5): 1561–65

 9. Kaku K, Watada H, Iwamoto Y et al: Efficacy and safety of monotherapy 
with the novel sodium/glucose cotransporter-2 inhibitor tofogliflozin in 
Japanese patients with type 2 diabetes mellitus: a combined Phase 2 and 
3 randomized, placebo-controlled, double-blind, parallel-group compara-
tive study. Cardiovasc Diabetol, 2014; 13: 65

 10. Tanizawa Y, Kaku K, Araki E et al: Long-term safety and efficacy of tofogli-
flozin, a selective inhibitor of sodium-glucose cotransporter 2, as mono-
therapy or in combination with other oral antidiabetic agents in Japanese 
patients with type 2 diabetes melIitus: multicenter, open-label, random-
ized controlled trials. Expert Opin Pharmacother, 2014; 15(6): 749–66

 11. Suzuki M, Takeda M, Kito A et al: Tofogliflozin, a sodium/glucose cotrans-
porter 2 inhibitor, attenuates body weight gain and fat accumulation in di-
abetic and obese animal models. Nutr Diabetes, 2014; 7: 4: e125

 12. Jurczak MJ, Lee HY, Birkenfeld AL et al: SGLT2 deletion improves glucose 
homeostasis and preserves pancreatic b-cell function. Diabetes, 2011; 60: 
890–98

 13. Devenny JJ, Godonis HE, Harvey SJ et al: Weight loss induced by chronic 
dapagliflozin treatment is attenuated by compensatory hyperphagia in di-
et-induced obese (DIO) rats. Obesity, 2012; 20: 1645–52

 14. Moran TH: Hypothalamic nutrient sensing and energy balance. Forum Nutr, 
2010; 63: 94–101

 15. Hattersley AT, Thorens B: Type 2 diabetes, SGLT2 inhibitors, and glucose 
secretion. N Engl J Med, 2015; 373(10): 974–76

 16. Matsumoto S, Yamazaki M, Kadono M et al: Effects of liraglutide on post-
prandial insulin and glucagon responses in Japanese patients with type 2 
diabetes. J Clin Biochem Nutr, 2013; 53(1): 68–72

 17. Saroka RM, Kane MP, Busch RS et al: SGLT-2 inhibitor therapy addded to 
GLP-1 agonist therapy in the management of T2DM. Endocr Pract, 2015 
[Epub ahead of print]

867

Hamamoto H. et al.: 
Body weight gain and hyperphagia after administration of SGLT-2 inhibitor
© Am J Case Rep, 2015; 16: 863-867

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License


