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TARGET AUDIENCE: Those interested in glycogen metabolism and/or diabetes type 1. 
 

PURPOSE: Glycogen in liver and skeletal muscle plays a major role in glucose homeostasis in healthy individuals as well as in subjects with type 1 
diabetes mellitus (T1DM). Abnormal storage of glycogen in T1DM may increase the risk of hypoglycemia. Natural abundance 13C MRS has proven 
to be an accurate non-invasive technology to measure hepatic and myocellular glycogen [1]. However previous studies in T1DM subjects revealed 
controversial results in glycogen stores compared with non-diabetic individuals. And despite the widespread use in metabolic research, there is cur-
rently sparse literature addressing reproducibility in glycogen stores on a longitudinal range (e.g. “within weeks”) [2]. The purpose of the present 
study was (a) to evaluate the reproducibility of hepatic and myocellular glycogen stores after a 2 days standardization protocol in T1DM subjects and 
(b) to compare them to matched healthy controls. 
 

METHODS: All subjects followed a 2-day standardization protocol prior to the two iden-
tical 13C MRS glycogen examinations (R1, R2, see Fig1.) in liver and the right quadriceps 
muscle. Standardization involved a diet with a predefined daily carbohydrate intake (50% 
of daily energy requirements according to a metabolic assessment using indirect calorime-
try, withdrawal from exercise, and avoidance of alcohol and caffeine). 
Ten complication-free male individuals with T1DM (26±6 y, BMI: 25.2±2.9 kg/m2, mean 
HbA1c 7.2±0.6%, diabetes, non-detectable C-peptide-level) and 10 matched healthy (HEAL) male controls (28±5 y, BMI: 24.2±1.7 kg/m2) were 
recruited. Patients injected their usual insulin dose and had a standardized breakfast before 7 am on the test days involving baseline glycogen inter-
ventions. MR localizer images and 1H decoupled natural abundance 13C spectra were recorded on a clinical 3.0 Tesla magnetic resonance scanner 
(TRIO, Siemens Erlangen, Germany) using a transmit-receive 1H/13C flexible surface coil (RAPID Biomedical GmbH, Rimpar, Germany). 13C spec-
tra were acquired by a pulse-and-acquire sequence (TR 200ms, 4096(muscle)/6144(liver) averages, total 14/21min) with adiabatic excitation pulses 
(glycogen-C1 on the center-frequency), and CW-decoupling (50% of acquisition, 100 Hz downfield of water, decoupling quality monitored by the 
decoupling of the C=C lipid resonances). A chromium-doped acetone solution served as external reference to correct for coil loading effects. In liver 
additional spatial saturation bands (glycogen-C1 on center frequency) were applied to suppress glycogen signals from the abdominal wall muscles. 
 

RESULTS: 
Mean±SEM myocellular baseline glycogen levels in arbitrary units 
(a.u.) were 0.16±0.01 in individuals with T1DM and 0.17±0.01 in 
matched healthy controls (see Fig. 2, left). Hepatic baseline glyco-
gen levels were 0.17±0.02 a.u. in T1DM subjects compared to 
0.15±0.02 a.u. in healthy controls (Fig. 2, right). Neither myocellu-
lar nor hepatic glycogen stores differed significantly between 
T1DM subjects and matched healthy controls (p=0.37 for quadri-
ceps muscle and p=0.48 for liver, respectively). 
Mean glycogen content between the first (R1) and second (R2) 13C 
MRS measurement (see Fig. 3) did not significantly differ in quad-
riceps muscle (p=0.77 (HEAL), p=0.92 (T1DM)) and liver (p=0.80 
for both HEAL and T1DM). The mean intra-individual coefficient 
of variation (CV) between the two sessions was 15.5% (HEAL) 
and 8.6% (T1DM) for myocellular glycogen content and 11.7% 
(HEAL) and 15.8% (T1DM) for hepatic glycogen content. 
 

DISCUSSION AND CONCLUSION: Myocellular and hepatic 
glycogen stores in physically active male adults with well con-
trolled T1DM are comparable to those of matched healthy controls.  
The present study provides evidence that a comparatively simple 
pre-study protocol consisting of standardized diet, usual insulin 
dosing, and withdrawal from physical activity results in highly 
reproducible levels of hepatic and myocellular glycogen concentra-
tions in individuals with type 1 diabetes. Furthermore, these results 
should be taken into account when interpreting the effect size of 
glycogen changes due to interventions such as exercise and nutri-
tion in diabetic as well as healthy individuals in future studies using 
13C MRS. 
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Fig. 2: Normalized glycogen content in skeletal muscle (left) and liver (right) in 
arbitrary units. T1DM = subjects with type 1 diabetes mellitus. HEAL = age- and 
BMI-matched healthy controls. Black symbols indicate mean glycogen content. 

Fig. 3: Comparison of hepatic and myocellular glycogen content measured in the 
two sessions (R1 and R2 respectively) in T1DM individuals (blue) and matched 
healthy controls (red). Glycogen levels are represented in arbitrary units (a.u.). 

Fig. 1: Study design. S = 2-day standardization of diet and 
activity. R1, R2 = 13C MRS measurement of hepatic and 
myocellular glycogen. 
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