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ABSTRACT 
 

Background: Weight loss, fatigue and decreased quality of life are frequently reported at the time 
of initial diagnosis by subjects with Diabetes Mellitus of both types although far more frequently with 
type 1 and are attributed to fluid and electrolyte losses due to persistent glycosuria as well as 
decline in adipose tissue secondary to lipolysis. However, muscle wasting and weakness as initial 
manifestations are noted almost exclusively in subjects with type 1 diabetes.  
Case Report: A man with history of type 2 diabetes about 10 years reported onset of general 
fatigue, polyuria, nocturia, polydipsia as well as profound progressive weight loss, muscle wasting 
and weakness within 2 weeks after initiation of Empagliflozin. He had been receiving glimepiride 8 
mg and metformin 2000 mg daily for about 5.5 years. Resolution of polyuria, nocturia and 
polydipsia was attained promptly within a week after discontinuation of Empagliflozin and initiation 
of insulin glargine. Weight gain and improvement in fatigue began by 2 weeks, continued until 
achieving desirable glycemic control over next 4 months and then stabilized. However, muscle 
mass and strength have not yet returned to the level prior to initiation of Empagliflozin during the 
follow up period of 12 months.  

Case Report  
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Conclusion: Empagliflozin is responsible for induction of transient weight loss as well as persistent 
muscle weakness and wasting in this subject. 
 

 
Keywords: Type 2 diabetes; empagliflozin; muscle wasting; myopathy; osteopenia. 
 
1. INTRODUCTION  
 
Weight loss, dizziness, fatigue, polyuria, 
nocturia, polydipsia and decreased quality of life 
are frequently reported at the time of initial 
diagnosis by subjects with Diabetes Mellitus of 
both types [1-4]. Weight loss, dizziness and 
fatigue are attributed to onset of dehydration 
secondary to fluid and electrolyte losses due to 
persistent glycosuria as well as decline in 
adipose tissue secondary to lipolysis. Muscle 
wasting and weakness as initial manifestations 
occur almost exclusively in subjects with type 1 
diabetes and have not been reported in subjects 
with type 2 diabetes [1-4]. Herein, I report a man 
with type 2 diabetes presenting with profound 
progressive weight loss, muscle wasting and 
weakness as well as general fatigue within 2 
weeks after initiation of Empagliflozin. Moreover, 
I believe that Empagliflozin is responsible for 
these manifestations secondary to markedly 
increased ongoing gluconeogenesis from the 
muscle protein and concurrent breakdown of 
muscle glycogen stores induced by 
hyperglucagonemia as a compensatory 
response to glycosuria promoted by 
Empaglliflozin via SGLT2 inhibition. 
 
2. CASE REPORT 
 
59 year old Caucasian man was referred to 
Endocrinology clinic at Central Iowa Veterans  
Health Care System in Des Moines, Iowa, USA 
because of progressive fatigue, tiredness, weight 
loss of 8 kg. and weakness for duration of 2 
months since he started taking Empagliflzin for 
control of his blood sugar in addition to the 
combination of Metformin 2000 mg and 
Glimepiride 8 mg daily which he had used for 
almost 5 years without experiencing any of the 
well described adverse effects such as 
abdominal pain, nausea, vomiting or diarrhea. 
He also related onset of polyuria, polydipsia and 
marked nocturia contributing to feeling of 
tiredness in the morning due to lack of adequate 
sleep because of awakening to urinate several 
times during night. He also complained of 
dysuria. On further interrogation, he reported that 
he could not pull out the small twin engine plane 
out of the hanger for the last 4 weeks that he 
was able to do for over 20 years as a part of his 

work as a pilot. He also claimed that his 'arm and 
thigh muscles had gotten smaller but without 
ache or pain or twitching'. He reported no 
hospitalizations for acute or chronic illness or 
major or minor surgery for almost 15 years. 
Neither was he hospitalized any time for 
diabetes during 10 years since diagnosis. He 
reported fracture of right fibula with a complete 
recovery about 3.5 years prior to this visit. His 
present medications included Lisinopril, 10 mg 
daily for hypertension for about 7 years, 
Atorvastatin, 40 mg daily for dyslipidemia and 
Aspirin 81 mg daily for prevention of 
cardiovascular events since the diagnosis of 
diabetes. He had never smoked and consumed 
alcohol occasionally at social events 
approximately once every 3-4 months. Family 
history documented his father suffering from type 
2 diabetes with the demise at the age of 66 
years following an acute coronary event. Rest of 
the family history was noncontributory.  He 
denied ingestion of over the counter 
supplements or illicit drugs. 
  
Physical examination revealed an alert, oriented, 
afebrile elderly gentleman in no acute distress. 
Pulse rate and blood pressure were 76 per 
minute and 118/78 mm Hg in supine position and 
changed to 92 per minute and 102/65mm Hg on 
standing documenting presence of orthostasis. 
Body weight was 87 kg. Neurological 
examination showed decreased power and 
restricted voluntary movements of muscles of 
both arms, especially deltoids, biceps and triceps 
as well as buttocks and thighs.  Variable wasting 
of these muscles was also evident though 
without fasciculations. Sensations were intact 
bilaterally in both upper and lower extremities 
including fingers and toes. Deep tender reflexes 
in both upper and lower extremities including 
ankles were present. No signs of inflammation 
were noted in extremities. Rest of systemic 
examination including ear, nose and throat, 
lungs, heart, abdomen, peripheral circulation as 
well as rectal examination was normal. 
    
Laboratory tests showed normal complete blood 
count and serum creatinine, chloride C-reactive 
protein, liver enzymes, total protein, free T4, 
TSH, free testosterone as well as FSH, LH and 
prolactin levels. Fasting plasma glucose, HbA1c 
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and serum concentrations of urea nitrogen, 
sodium, potassium, calcium, phosphorus, uric 
acid and CK (78% mm fraction) were elevated 
whereas serum bicarbonate (HCO3) was 
decreased (Table 1). Fasting serum c-peptide 
concentration was 2.86 ng/ml with simultaneous 
glucose level of 146 mg/dl. Serum 
betahydroxybutyrate was increased (8.6 with 
normal value of < 4.5 mM/l)  resulting in elevated 
anion gap. Simultaneously determined arterial 
blood gas showed PCO2, 30 mm Hg; PO2, 96 
mm Hg and pH, 7.36. Chest X Ray, 
Electrocardiogram, EMG and Nerve conduction 
studies were all normal. Urinalysis revealed  
glycosuria with ketonuria, microalbuminuria, 

specific gravity > 1030, positive leukocytes 
esterase and nitrite testing as well as RBCs, 5-
10 and WBCs, 20-25 with no epithelial cells. 
Urine culture was positive for E.Coli. 24 hour 
urine excretion of multiple metabolites was 
determined (Table 2). 
 
Based on the history, physical examination and 
the laboratory tests, the diagnoses of 
dehydration, urinary tract infection, proximal 
myopathy and uncontrolled diabetes with 
ketoacidosis were established. Empagliflozin 
was promptly discontinued because of presence 
of dehydration, hyperkalemia, ketonuria, 
ketonemia and urinary tract infection,

 
Table 1. Determinations of HbA1c, fasting plasma glucose, serum electrolytes and other 
pertinent chemistries prior to discontinuation of Empagliflozin (1st Visit) and following 

administration of insulin Glargine at 6 and 12 months 
 

 1st visit 6 months 12 months 
HbA1c (%) 7.6 7.4 7.1 
Glucose (mg/dl) 173 148 105 
Sodium (mM/l) 146 142 140 
Potassium (mM/l) 5.3 4.3 4,4 
Chloride (mM/l) 104 102 103 
HCO3 (mM/l) 19 30 28 
Anion Gap 23 10 9 
Creatinine (mg/dl) 0.64 0.70 0.72 
Urea Nitrogen (mg/dl) 21 13 12 
Urea Nitrogen/Creatinine 32.8 18.5 16.6 
Calcium (mg/dl) 10.6 9.5 9.2 
Phosphorus (mg/dl) 5.2 4.1 4.3 
Uric acid (mg/dl) 7.2 6.2 6.4 
Cholesterol (mg/dl) 168 135 128 
Triglycerides (mg/dl) 152 142 115 
HDL Cholesterol (mg/dl) 31 36 39 
LDL cholesterol (mg/dl) 108 72 65 
Hemoglobin ( g) 15.8 14.8 14.7 
Hematocrit (%) 49 44 44 
 CK (Units) 462 314 294 

 
Table 2. Determinations of 24 hour urine volume (UV) and excretion of pertinent products prior 
to discontinuation of Empagliflozin (1st visit) and following administration of insulin Glargine 

at 6 and 12 months 
 

 1st visit 6 months 12 months 
UV (ml) 3400 2350 1680 
Glucose (g) 35 3 0.2 
Ketone (mg) 270 Negative Negative 
Sodium (mM) 260 119 128 
Potassium (mM) 80 64 72 
Creatinine (mg) 1834 1234 1140 
Urea Nitrogen (mg) 1113 766 782 
Microalbumin (mg) 386 260 120 
Calcium (mg) 268 236 220 
Phosphorus (mg) 620 284 304 
Uric Acid (mg) 650 534 548 
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which are well established adverse effects of the 
drug [5-28]. Instead, s.c administration of insulin 
Glargine 20 units (0.2 units/kg) in AM was 
initiated while continuing Metformin and 
Glimepiride for treatment of hyperglycemia with 
instructions to increase daily dose by 2 units 
every 3 days until AM blood sugar< 130 mg/ dl 
was attained according to recommendations by 
American Diabetes Association [29]. Oral 
Antibiotic therapy with Levoquin 500 mg daily 
was begun to manage urinary tract infection. 
Patient was also advised to consume daily at 
least 2.0 liters of fluids without containing sugar 
to combat dehydration and was counseled by 
diabetes educator regarding symptoms of 
hypoglycemia with steps to correction and  
implementation of life style intervention including  
appropriate diet and exercise. Finally, he was 
scheduled to return for a follow up clinic visit in 2 
weeks. At this visit, patient reported improvement 
in fatigue and resumption in weight gain with 
resolution of polyuria, nocturia and dysuria as 
well as orthostasis. However, he still complained 
of lack of improvement in muscle strength and 
wasting. Previous abnormal laboratory tests 
normalized confirming remission of dehydration 
and urinary tract infection (Tables 1 and 2), the 
exception being CK which declined but did not 
normalize (Table 1). Average AM blood sugar 
over 3 days prior to visit was 148 mg/ dl while 
injecting 28 units of insulin Lantus without onset 
of symptoms of hypoglycemia indicating 
improvement in hyperglycemia. Patient was 
advised to continue increasing the daily dose of 
Lantus as recommended at the initial visit and 
encouraged to be compliant with diet, exercise 
and medications. So far, patient has returned for 
follow up visits at interval of 3 months for a year. 
Body weight returned to 95 kg at 6 months and 
stabilized with a sustained complete recovery 
from fatigue and symptoms of hyperglycemia, 
e.g. polyuria, nocturia, polydipsia, dizziness etc. 
at the last visit. However, he continues to report ' 
inability to pull the plane out of hanger' and thus 
the lack of improvement in muscle strength and 
muscle wasting although he denies progression 
of muscle wasting. Physical examination has 
confirmed the continued presence of wasting and 
diminished strength in the proximal muscles 
noted at the initial visit. Glycemic control 
improved by 3 months and attained the desirable 
range by 6 months and has remained till the last 
visit. All other laboratory tests including urine 
urea nitrogen and creatinine normalized by 6 
months and remained normalized at the last visit 
(Tables 1 and 2). 
 

3. DISCUSSION 
 
The subject in this report presented weight loss 
with muscle wasting and declining muscle 
strength within 4 weeks after initiation of 
Empagliflozin despite lack of lapse of glycemic 
control. These manifestations are almost always 
reported by subjects with type 1 diabetes and 
rarely described by subjects with type 2 diabetes 
either at initial diagnosis or during the period of 
lapse of glycemic control [1-4]. Moreover, both 
the weight loss and the muscle disorder 
remained progressive until discontinuation of 
Empagliflozin and initiation of insulin glargine. 
Body weight has been regained on attaining 
desirable glycemic control over 6 months and 
stabilized on maintenance of glycemic control 
over 12 months as previously described in 
subjects with type 1 diabetes [1-4]. However, the 
subject has continued to report lack of 
improvement in muscle strength also evident by 
no change in muscle mass with apparent 
stabilization of muscle wasting without further 
progression consistent with lowering of CK 
without normalization. 
 
Weight loss in this subject is consistent with the 
data in the literature [5-12]. Variable weight loss 
is documented to occur in subjects with type 2 
diabetes following treatment with all SGLT2 
inhibitors [5-12]. The mechanism of weight loss 
is not well established though may be attributed 
to dehydration due to urinary loss of fluids 
induced by glycosuria. Moreover, concurrent 
urinary loss of calories as a result of persistent 
glycosuria is also likely to be a contributing 
factor. Finally, hyperglucagonemia despite 
presence of circulating insulin in type 2 Diabetes 
as documented in our subject or insulinopenia in 
type 1 diabetes may promote weight loss and 
muscle wasting by promoting lipolysis, 
gluconeogenesis and glycogenolysis. However, 
the contribution of individual body constituents 
e.g. adipose tissue and muscle mass in subjects 
administered SGLT2 inhibitors is not 
documented. 
  
Administration of SGLT2 inhibitors is well 
documented to induce rise in plasma glucagon 
[26-28,30] and thus may exacerbate  
hyperglucagonemia already present with 
uncontrolled hyperglycemia in subjects with both 
type 1 and type 2 diabetes [31-33]. Moreover, 
physiologic role of hyperglucagonemia in 
enhancing lipolysis and gluconeogenesis via 
breakdown of protein fractions from both 
muscles and bones is well established [1-4,31-
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36]. Therefore, it is apparent the decline both the 
adipose tissue and the muscle mass contributes 
to weight loss following treatment with these 
agents including Empagliflozin as documented in 
the subject in this report. These manifestations of 
muscle involvement could not be attributed to 
insulinopenia in our subject since serum c-
peptide concentration was adequate and 
appropriate in relation to simultaneously 
determined plasma glucose level. Neither are 
they likely to be caused by any other endocrine 
or metabolic disorder as documented by 
appropriate laboratory testing. Finally, it is 
extremely unlikely that atorvastatin contributed to  
muscle wasting or weakness for several reasons: 
1) Subject never manifested any form of muscle 
disorder during several years while receiving 
atorvastatin; 2) A major manifestation  of statin  
induced muscle disorder is pain or discomfort 
and not wasting; 3) Occurrence of muscle 
disorder during administration of statin is often 
attributed to a high circulating statin 
concentration induced by addition of another 
drug metabolized by the same pathway as statin; 
4) Empagliflozin is not metabolized by the same 
mechanism as a statin and hence is unlikely to 
raise circulating atorvastatin concentration 
leading to statin induced myopathy especially in 
absence of pain but with wasting; 5) A prompt 
withdrawal of Empagliflozin prevented further 
progression of both, muscle wasting and decline 
in strength as noted at the last visit at 12 months. 
However, recovery from fatigue accompanied by  
lowering of serum CK level may indicate 
improvement of the muscle disorder. It is 
plausible that a longer period may be required for 
regaining of muscle strength and muscle mass 
after the insult by a prolonged administration of 
Empagliflozin for several months. Therefore, lack 
of documentation of any other cause of muscle 
disorder by extensive laboratory testing and the 
nature of the course of manifestations implicate 
Empagliflozin as a lone contributor playing a 
definite and  a distinct role in the presentation in 
our subject. Moreover, decline in bone mass, 
osteopenia (T score, -1.8 in the lumbar spine and 
-1.6 at left hip)  documented in this subject may 
be attributed to Empagliflozin as well since onset 
of osteoporosis has been reported on 
administration of these drugs [37,38]. 
 
4. CONCLUSION 
 
Therefore, it is concluded that the weight loss 
was induced by Empagliflozin as has been well 
documented. I believe that the muscle weakness 
and wasting as well as osteopenia were         

also caused by Empagliflozin in this subject 
based on the aforementioned pathophysiologic 
mechanism. 
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