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ORIGINAL

Lean mass inversely predicts plasma glucose levels after
oral glucose load independent of insulin secretion or insulin
sensitivity in glucose intolerance subjects
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Abstract. Muscle mass inversely relates to 2 hours glucose levels after oral glucose load in non-diabetic subjects. A study
in glucose intolerance subjects has never been performed. We conducted this study to determine the relationship between
muscle mass and glucose level after oral glucose load in glucose intolerance subjects. Sixty Thai subjects, 44 drug-naive,
newly diagnosed type 2 diabetes mellitus and 16 impaired glucose tolerance were studied. The 180 min 75 g oral glucose
tolerance test was performed. Total body fat and lean mass were measured by dual-energy x-ray absorptiometry. Insulin
sensitivity was determined by insulin sensitivity index using model of Matsuda & DeFronzo. The 1st-phase and total
insulin secretion were determined from glucose tolerance data. Pearson correlation and linear regression were used for the
analysis. Lean mass was inversely correlated with area-under-curves of glucose 0-180 min (r =-0.320; p=0.013). The
relationship was significant after adjustment with age and body-mass-index (r =-0.350; p=0.007). Area-under-curves of
glucose 0-180 min was correlated with height (r =-0.282; p=0.029), fasting glucose (r =0.742; p<0.0001), log area-under-
curves of insulin 0-180 min (r=-0.258; p=0.047) and log 1st-phase insulin secretion (r =-0.518; p<0.0001). By multivariate
analysis, fasting glucose (standardized =4.54; p<0.001), log 1st-phase insulin secretion (standardized p=-43.09; p=0.005)
and lean mass (standardized $=-0.003; p=0.011) were the significant parameters predicting area-under-curves of glucose
0-180 min. In conclusion, lean mass inversely predicted glucose levels after oral glucose load independent of insulin
secretion and insulin sensitivity in glucose intolerance subjects.
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THE EPIDEMIOLOGIC STUDIES in several popu-
lations indicate that 2 hours plasma glucose levels after
an oral glucose tolerance test (OGTT) and prevalence
of impaired glucose tolerance were higher in non-dia-
betic women than non-diabetic men [1-3]. Our previ-
ous study in lean, non-diabetic Thai subjects also sup-
ported those findings [4]. The mechanism by which the
2 hours plasma glucose levels after OGTT are higher in
women is unclear. Lower height and/or lesser fat-free
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mass of women have been shown to be the factors [5-7].
Our study showed that it was the lower skeletal mus-
cle mass of women, not sex or lower height, that pre-
dicted higher 2 hours plasma glucose levels after oral
glucose load (post-load plasma glucose) independent
of insulin secretion and insulin sensitivity [4]. Since
skeletal muscle is a major organ of insulin-dependent
glucose uptake and glucose utilization particularly at
postprandial state, such association is theoretically
sound. However, there are some studies that contra-
dict our results. Brochu et al. [8] and Comerford et al.
[9] reported a positive association whereas Kuk et al.
[10] found no association of lean mass and post-load
plasma glucose levels in obese, non-diabetic subjects.
The inconsistent findings of the association between
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lean mass and post-load plasma glucose levels could
be the degree of muscle insulin resistance of obese
subjects in those studies which overcomes the mass
effect of muscle glucose uptake. There is a knowledge
gap between the association of the severity of glu-
cose intolerance and the effect of lean mass on post-
load glucose level. Previous studies included patients
with very severe insulin resistance and normal glucose
tolerance subjects. To our knowledge, a study of the
association of lean mass and post-load glucose level in
pre-diabetic and mild diabetic subjects has never been
performed. The objective of this study was to test the
hypothesis that muscle mass was inversely associated
with and predicted the variation of post-load plasma
glucose levels in glucose intolerance subjects.

Materials and methods

Patient recruitment was done by three methods.
Firstly, apparently healthy volunteers who previously
participated in an OGTT study who fit our inclusion
criteria were consecutively invited to participate in this
study. Secondly, high risk patients with impaired fast-
ing glucose, hypertension, or dyslipidemia who were
followed up at an out-patient clinic were invited and the
third method was to invite drug-naive diabetic patients
who attended at out-patient clinic. Exclusion criteria
were patients taking any anti-diabetic drugs, taking any
medication affecting glucose metabolism (i.e. systemic
glucocorticoid, high-dose diuretic, or estrogen, recent
illness within 2 weeks prior to the study, pregnancy,
regular strenuous exercise and regular consumption of
alcohol greater than 2 drinks per day. Sixty Thai sub-
jects in this study included 31 women and 29 men. Of
the 60 subjects 44 were newly diagnosed drug-naive
patients with type 2 diabetes mellitus and 16 patients
were impaired glucose tolerance (IGT) subjects. Type 2
diabetes mellitus was defined by the positive of at least
two of the following criteria, fasting plasma glucose
(FPG) > 126 mg/dL or 2 hours plasma glucose after
75 g OGTT > 200 mg/dL or HbAlc (standardized by
National Glycohemoglobin Standardization Program)
> 6.5%. Impaired glucose tolerance was defined by
FPG <126 mg/dL and 2 hours plasma glucose 140-199
mg/dL after 75 g OGTT. Dual-energy x-ray absorpti-
ometry was performed on the day of OGTT. Physical
activity levels were assessed using the Thai version
of the Short Format International Physical Activity
Questionnaire [11, 12]. All were advised not to have

strenuous exercise and to stop smoking and alcohol
drinking for at least 24 hours before the study.

The study was performed at Ramathibodi Hospital,
Bangkok and at Songklanagarind Hospital, Songkhla
using the same protocol. Subjects gave written informed
consent before the beginning of the study. The study
protocol was approved by Ramathibodi Hospital and
Songklanagarind Hospital Ethical Committees.

2.1 OGTT and dual-energy x-ray absorptiometry

The 180 min 75 g OGTT was performed in the morn-
ing after an overnight fast. Blood was collected via
retained intravenous catheter before and at 30, 60, 120
and 180 min after glucose ingestion for measurement
of glucose and insulin. Total body fat and total lean
mass were measured by dual-energy x-ray absorptiom-
etry standard software. The DEXA with enCORE 2003
software version 7.53 and the DEXA with Prodigy soft-
ware version 4.7 were used at Ramathibodi Hospital.
The DPX-MD (Lunar Corp., Madison, WI, USA) was
used at Songklanagarind Hospital. All DEXA devices
are from the same manufacturer and have similar high
precision for the measurement of body composition
[13]. Total lean mass measured by DEXA has been
shown to be highly correlated with total skeletal mus-
cle mass (R = 0.94) by multi-slice magnetic resonance
imaging in healthy adults [14].

2.2 Insulin sensitivity and insulin secretion measurements

Whole body insulin sensitivity was measured by
insulin sensitivity index (ISI) using the OGTT model
of Matsuda & DeFronzo [15] (ISI = 10,000/square root
of [(fasting glucose X fasting insulin) X (mean glucose
X mean insulin during OGTT)]). Data from type 2 dia-
betic Thai subjects suggested that ISI by the model of
Matsuda & DeFronzo had good correlation with mus-
cle insulin sensitivity by euglycemic hyperinsulinemic
clamp (r=0.679) (Rattarasarn C, unpublished data).

The Ist-phase insulin secretion was calculated from
the ratio of the incremental insulin and glucose concen-
trations at 30 minutes above basal after OGTT. Data
from normal and diabetic subjects indicated that 1st-
phase insulin secretion from OGTT model had a good
correlation with the standard method of intravenous
glucose tolerance test [16, 17]. Total insulin secre-
tion was calculated as the area under the curves (AUC)
of plasma insulin (0-180 min) after oral glucose load
(AUCins0-180 min).
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2.3 Biochemical analysis

Blood for plasma insulin was collected and frozen
at -80°C until analysis, all within 1 month after collec-
tion. Plasma insulin was measured by immunochem-
iluminescence (Immulite 2000, Diagnostic Products
Corp, Los Angeles, CA). Glucose was measured by
the hexokinase method (Dimention RxL, Dade Behring
Co. Ltd, New York, USA). HbAlc was measured by
the Turbidimetry technique (Cobas Integra 400 plus,
Roche).

2.4 Statistical analysis

Data were expressed as mean = SD or median and
quartile depending on the type of data distribution.
Correlation coefficients were determined by Pearson
product moment. Multiple linear regression analysis
was performed to identify independent factors contrib-
uting to variances of AUC of post-load plasma glucose
levels. All factors with p values < 0.2 from univar-
iate analysis were entered into the regression model.
Factors previously known to be associated with post-
load plasma glucose levels but had p values > 0.2 were
also forced into the regression model. Any variable

Table 1 Clinical characteristics of subjects (N=60)

that was not normally distributed was log-transformed
prior to analysis. All statistical analyses were per-
formed using SPSS version 17.0 for Windows (SPSS,
Chicago, IL) and R program. AUC was calculated by
the trapezoidal rule. P<0.05 was considered statisti-
cally significant.

Results

Clinical characteristics of subjects and parameters
of insulin secretion and insulin sensitivity are shown
in Table 1. Seven of 31 (22.6%) women and 9 of 29
(31.0%) men had impaired glucose tolerance. HbAlc
of type 2 diabetic subjects at the time of study was 6.7
+ 0.6%. Of the subjects whose physical activity lev-
els were assessed, 62.5% and 34.4% were categorized
as having low (less than 600 MET-minutes/week) and
moderate (600-2,999 MET-minutes/week) physical
activity, respectively. By univariate analysis, AUC of
plasma glucose for 0-180 min after OGTT (AUCglu0-
180 min) was correlated with height (r = -0.282, p =
0.029), FPG (r=0.742, p <0.0001), log AUCins0-180
min (r =-0.258, p = 0.047), lean mass (r =-0.320, p =

Total (N=60) Diabetes (N=44) IGT (N=16)
Age (y) 554+12.2 58.4+12.0 46.3+8.0
Weight (kg) 68+11.1 67.2+10.4 702 +£12.7
Height (m) 1.59 +7.96 1.58 +7.34 1.61+9.33
BMI (kg/m?) 26.8+3.9 26.8+4.2 26.7+3.0
Waist circumference (cm) 91.0+10.0 90.9+9.6 91.0+11.0
Total body fat (kg) 233+7.6 23.8+8.5 21.8+4.1
Total lean mass (kg) 42.1+8.7 40.8+7.4 453+ 11.2
Physical activity levels (MET-min/wk)* 420 (305 -724) -
Glucose levels (mg/dL) after 75-g OGTT
0 min 108.6 £16.2 113.4£15.0 953+11.0
30 min 194.3+£32.1 200.1 +31.1 178.0 +29.8
60 min 236.3+45.6 248.4+429 203.0+35.6
120 min 218.6+53.4 238.8+47.2 163.0+18.8
180 min 144.0 +58.8 157.0+62.9 108.2+19.5
Insulin level (nU/mL) after 75-g OGTT®
0 min 7.4 (3.4-12.8) 5.0 (2.3-12.3) 9.8 (6.7-14.6)
30 min 29.2 (18.2-54.8) 23.4 (14.4-41.1) 43.3(31.7-104.2)
60 min 45.6 (30.0 — 84.8) 40.1 (26.2-65.7) 74.4 (43.9-123.0)
120 min 71.0 (40.0 —109.1) 71.0 (34.0-104.2) 81.9 (47.4-117.2)
180 min 36.1(16.3 - 77.6) 35.7 (14.4-83.8) 39.5(21.8-71.7)

ISIP 3.9 (2.7-17.0)
0.27 (0.15 — 0.46)
160.1 (95.9 — 246.8)

1st— phase insulin secretion®
Total insulin secretion (uU/mL-h)P

5.1(2.7-10.5)
0.19 (0.14-0.41)
141.2 (81.3-222.5)

3.4 (2.5-4.6)
0.38 (0.32-1.01)
176.1 (124.8-313.2)

Data are expressed as mean = SD or median and quartile. ® Data was obtained from 37 subjects. ® Log-transformed
prior analysis. To convert glucose to mmol/L, multiply by 0.056. To convert insulin to pmol/L, multiply by 6.0.
ISI, insulin sensitivity index; IGT, impaired glucose tolerance subjects; 1st-phase insulin secretion, increment of
insulin/glucose 0-30 min of OGTT; Total insulin secretion, area under the curves (AUC) of insulin 0-180 min.
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Fig. 1 Correlation of lean mass and area under the curves of plasma glucose after oral glucose load in IGT
(o) and type 2 diabetic (®) subjects. To convert glucose to mmol/L, multiply by 0.056

Table 2 Predictors of area under the curves of plasma glucose 0-180 min
after oral glucose load by multivariate linear regression analysis

2 Standardized Standard P

Predictors Adjusted R coefficient (B) _ error
0.663%
Fasting plasma glucose 4.54 0.62  <0.001
Log Ist-phase insulin secretion -43.09 14.66  0.005
Lean mass -0.003 0.001  0.011
Log AUC;150-180 min 38.77 20.75  0.067
Height -0.25 2.6 0.92
Total fat mass 0.00009 0.001 0.95
Log ISI -1.94 33.22 0.95

4FPG, log Ist-phase insulin secretion, lean mass and Log AUC;;40-180 min

0.013) and log 1st-phase insulin secretion (r = -0.518,
p <0.0001). Fig. 1 showed the inverse correlation of
lean mass and AUCglu0-180 min. The correlation of
lean mass and AUCglu0-180 min was still significant (r
=-0.350, p=0.007) after adjustment with age and BMI.
Log ISI was not correlated with AUCglu0-180 min in
univariate analysis but was entered into the regression
model since it was shown to predict post-load plasma
glucose levels by several studies.

The height, FPG, log 1st-phase insulin secretion, log
AUCins0-180 min, lean mass, total fat mass and Log
ISI were included in the multivariate linear regression
analysis. Only FPG, log lst-phase insulin secretion
and lean mass were the significant parameters predict-
ing AUCglu0-180 min (Table 2). The model explained
66.3% of the variance of AUCglu0-180 min.

Discussion

This study demonstrated that lean mass was inversely
associated with and independently predicted post-load
plasma glucose levels in glucose intolerance subjects.
Since lean mass has been shown to be strongly corre-
lated with skeletal muscle mass [14], it can be assumed
that it is the skeletal muscle mass that influences post-
load plasma glucose levels in this study. It indicates
that in addition to insufficient insulin secretion and
insulin resistance, having low skeletal muscle mass per
se can result in hyperglycemia after oral glucose load
in glucose intolerance subjects. This finding confirms
the role of muscle in glucose metabolism similar to our
previous study in normal glucose tolerance subjects.

Skeletal muscle is known to be an important site of
glucose uptake particularly in the postprandial state.
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The presence of muscle insulin resistance together with
the insufficient insulin secretion can cause postprandial
hyperglycemia in glucose intolerance subjects. The
interesting finding in this study was the role of mus-
cle in lowering post-load glucose independent of insu-
lin secretion and insulin sensitivity. This insulin-inde-
pendent glucose up-take or glucose effectiveness has
been studied intensively [18-20]. In non-obese sub-
jects who are under a euglycemic condition, the skel-
etal muscle contributes 13% to glucose effectiveness
but with a hyperglycemic condition in the same sub-
jects, muscle could up-take glucose up to 38% of the
whole body even when insulin secretion was abol-
ished [21]. Similar findings of being lean had higher
glucose effectiveness were reported by Gastaldelli et
al. but with a larger population [18]. Our study pro-
vided additive information of lean mass and glucose
effectiveness that even with a physiologic insulin
level, muscle mass is the predictor of post-load glu-
cose effectiveness in people with impaired glucose tol-
erance and early diabetes. From the SAM study [18],
the results were from a euglycemic hyperinsulinemic
clamp, which may be different from the physiology of
an OGTT which was also demonstrated in a paper by
Henriksen et al. [22]. Marcus et al. reported that after
16 weeks of light resistance exercise in elderly type 2
diabetic subjects, an increase of lean mass and regional
muscle glucose uptake was observed with no signifi-
cant change of whole body muscle insulin sensitivity
[23]. This indicates that the increase of muscle mass
by itself can increase its capacity to uptake glucose.
Venn et al. [24] and Dickinson et al. [25] reported
that lean, healthy young adult Asians had higher plasma
glucose levels after oral glucose or mixed meal inges-
tion than age- and BMI-matched Caucasians. Lower
insulin sensitivity was associated with higher postpran-
dial plasma glucose levels only in the latter but not the
former studies. Likewise, Asian type 2 diabetic sub-
jects appear to have higher postprandial plasma glu-
cose levels than those of Caucasians despite similar
HbAlc levels [26, 27]. Whether the ethnic difference
of muscle mass between Asians and Caucasians may
explain the difference of postprandial plasma glucose
levels of those studies is not known. Our group previ-
ously reported a negative association of muscle mass
and post-load plasma glucose levels in insulin-sensitive
lean subjects [4]. This study supports and extends our
findings to insulin-resistant, glucose intolerant obese
subjects. Although physical activity is known to affect

muscle mass and post-load plasma glucose levels, it is
unlikely to be a factor in this study since most of our
subjects have low to moderate physical activity levels.
Furthermore, no correlation of physical activity levels
and lean mass or AUCglu0-180 min was observed in
this study (data not shown).

However, there were some different findings of mus-
cle mass and glucose metabolism. Brochu et al. [§]
and Comerford et al. [9] respectively studied the rela-
tionships of post-load plasma glucose levels, lean mass
index (lean mass divided by height square) and insulin
sensitivity in postmenopausal women and women with
polycystic ovary syndrome. They independently found
a positive association of lean mass index and plasma
glucose levels and a negative association of lean mass
index and insulin sensitivity. These findings are in con-
trast with our study. The discrepancy is unlikely to be
from a different method of lean mass measurement
since even though we used lean mass index in place
of the absolute amount of lean mass, the results were
not different (data not shown). The differences of sub-
ject characteristics between their studies and ours may
explain these contradictory results. Despite the simi-
lar lean mass index, subjects of the Brochu et al. and
Comerford et al. studies were more obese (BMI > 30
kg/mz) and had higher insulin resistance than ours. Itis
conceivable that severe insulin resistance from marked
obesity may overcome the mass effect of muscle on
glucose uptake capacity in those studies.

This study has several limitations. Firstly, the causal
relationship of lean mass and post-load plasma glucose
levels cannot be proven with the cross-sectional design
of'this study. A prospective follow-up or interventional
study is required to verify this concept. Secondly, it
might have been the muscle fiber type composition and
not the muscle mass itself that determines post-load
plasma glucose levels [28]. However, since most of the
subjects in the study have sedentary lifestyles, it is less
likely that those who have larger muscle mass would
have greater high oxidative muscle fiber type. Thirdly,
it is uncertain whether the inverse relationship of lean
mass and plasma glucose levels could be demonstrated
with mixed meal challenge. Although plasma glucose
excursion after oral glucose load and after mixed meal
have been shown to be closely correlated in non-dia-
betic and diabetic subjects, the peak levels of plasma
glucose and plasma insulin are lower by the latter test
[29, 30]. Fourthly, the findings of this study may not be
applied to advanced type 2 diabetic subjects who have



82 Kwankaew et al.

more severe impairment of insulin secretion or insu-
lin sensitivity since insulin secretion and insulin sen-
sitivity are the stronger determinants of postprandial
plasma glucose levels. Lastly, our insulin secretion
and sensitivity index were obtained by using the same
OGTT data. Ideally, these data would be evaluated by
independent measures to avoid auto-correlation.

In conclusion, this study demonstrated the inverse
relationship of lean mass and post-load plasma glucose
levels in subjects with glucose intolerance. The effect
of lean mass on post-load plasma glucose levels was
independent of insulin secretion or insulin sensitivity.
The causal relationship of lean mass and post-load or
postprandial plasma glucose levels needs to be con-

firmed. The clinical significance of lean mass to glyce-
mic control in patients with type 2 diabetes is uncertain
and needs further exploration.

Acknowledgements
This study was supported by research funds from
Faculty of Medicine, Ramathibodi Hospital and The
Endocrine Society of Thailand.

Conflict of Interest

The authors have no conflicts of interest to declare.

References

1. The DECODE Study Group (2003) Age- and sex-spe-
cific prevalences of diabetes and impaired glucose
regulation in 13 European cohorts. Diabetes Care 26:
61-69.

2. Pomerleau J, McKeigue PM, Chaturvedi N (1999)
Relationships of fasting and postload glucose levels to
sex and alcohol consumption. Are American Diabetes
Association criteria biased against detection of diabetes
in women? Diabetes Care 22: 430-433.

3. Williams JW, Zimmet PZ, Shaw JE, de Courten MP,
Cameron AJ, Chitson P, et al. (2003) Gender differ-
ences in the prevalence of impaired fasting glycaemia
and impaired glucose tolerance in Mauritius. Does sex
matter? Diabet Med 20: 915-920.

4. Rattarasarn C, Leelawattana R, Soonthornpun S (2010)
Contribution of skeletal muscle mass on sex differ-
ences in 2-hour plasma glucose levels after oral glucose
load in Thai subjects with normal glucose tolerance.
Metabolism 59: 172-176.

5. Kew S, Qi Y, Sermer M, Connelly PW, Hanley AJ,
Zinman B, et al. (2010) Relationship between short stat-
ure and postchallenge glycemia in pregnancy. Diabetes
Care 33: el73.

6. Rathmann W, Strassburger K, Giani G, Doring A,
Meisinger C (2008) Differences in height explain gen-
der differences in the response to the oral glucose toler-
ance test. Diabet Med 25: 1374-1375.

7. Sicree RA, Zimmet PZ, Dunstan DW, Cameron AJ,
Welborn TA, Shaw JE (2008) Differences in height
explain gender differences in the response to the oral
glucose tolerance test- the AusDiab study. Diabet Med
25:296-302.

8. Brochu M, Mathieu ME, Karelis AD, Doucet E, Lavoie
ME, Garrel D, et al. (2008) Contribution of the lean
body mass to insulin resistance in postmenopausal

women with visceral obesity: a Monet study. Obesity
(Silver Spring) 16: 1085-1093.

9. Comerford KB, Almario RU, Kim K, Karakas SE (2012)
Lean mass and insulin resistance in women with poly-
cystic ovary syndrome. Metabolism 61: 1256-1260.

10. Kuk JL, Kilpatrick K, Davidson LE, Hudson R, Ross R
(2008) Whole-body skeletal muscle mass is not related
to glucose tolerance or insulin sensitivity in overweight
and obese men and women. Appl Physiol Nutr Metab
33:769-774.

11. Craig CL, Marshall AL, Sjostrom M, Bauman AE,
Booth ML, Ainsworth BE, et al. (2003) International
physical activity questionnaire: 12-country reliability
and validity. Med Sci Sports Exerc 35: 1381-1395.

12. Rattanawiwatpong P, Khunphasee A, Pongurgsorn C,
Intarakamhang P (2006) Validity and Reliability of the
Thai Version of Short Format International Physical
Activity Questionnnaire (IPAQ). J Thai Rehabil 16:
147-160.

13.  Genton L, Hans D, Kyle UG, Pichard C (2002) Dual-
energy X-ray absorptiometry and body composition:
differences between devices and comparison with refer-
ence methods. Nutrition 18: 66-70.

14. Chen Z, Wang Z, Lohman T, Heymsfield SB, Outwater
E, Nicholas JS, et al. (2007) Dual-energy X-ray absorp-
tiometry is a valid tool for assessing skeletal muscle
mass in older women. J Nutr 137: 2775-2780.

15. Matsuda M, DeFronzo RA (1999) Insulin sensitiv-
ity indices obtained from oral glucose tolerance test-
ing: comparison with the euglycemic insulin clamp.
Diabetes Care 22: 1462-1470.

16. Hong J, Zhang YF, Gu WQ, Zhang YW, Su YX, Chi
ZN, et al. (2008) Insulin sensitivity and first-phase insu-
lin secretion in obese Chinese with hyperglycemia in 30
and/or 60 min during glucose tolerance tests. Endocrine



17.

18.

19.

20.

21.

22.

23.

24.

Lean mass predicts post-load PG 83

34: 75-80.

TuraA, Kautzky-Willer A, Pacini G (2006) Insulinogenic
indices from insulin and C-peptide: comparison of beta-
cell function from OGTT and IVGTT. Diabetes Res
Clin Pract 72: 298-301.

Gastaldelli A, Ferrannini E, Miyazaki Y, Matsuda M,
DeFronzo RA (2004). Beta-cell dysfunction and glucose
intolerance: results from the San Antonio Metabolism
(SAM) study. Diabetologia 47: 31-39.

Gastaldelli A, Miyazaki Y, Pettiti M, Matsuda M,
Mahankali S, Santini E, et al. (2002) Metabolic effects
of visceral fat accumulation in type 2 diabetes. J Clin
Endocrinol Metab 87: 5098-5103.

Ader M, Ni TC, Bergman RN (1997) Glucose effective-
ness assessed under dynamic and steady state condi-
tions. Comparability of uptake versus production com-
ponents. J Clin Invest 99: 1187-1199.

Baron AD, Brechtel G, Wallace P, Edelman SV (1988)
Rates and tissue sites of non-insulin- and insulin-me-
diated glucose uptake in humans. Am J Physiol 255:
E769-774.

Henriksen JE, Alford F, Handberg A, Vaag A, Ward
GM, Kalfas A, et al. (1994) Increased glucose effective-
ness in normoglycemic but insulin-resistant relatives of
patients with non-insulin-dependent diabetes mellitus.
A novel compensatory mechanism. J Clin Invest 94:
1196-1204.

Marcus RL, Addison O, LaStayo PC, Hungerford R,
Wende AR, Hoffman JM, et al. (2013) Regional muscle
glucose uptake remains elevated one week after cessa-
tion of resistance training independent of altered insulin
sensitivity response in older adults with Type 2 diabetes.
J Endocrinol Invest 36: 111-117.

Venn BS, Williams SM, Mann JI (2010) Comparison

25.

26.

217.

28.

29.

30.

of postprandial glycaemia in Asians and Caucasians.
Diabet Med 27: 1205-1208.

Dickinson S, Colagiuri S, Faramus E, Petocz P, Brand-
Miller JC (2002) Postprandial hyperglycemia and insu-
lin sensitivity differ among lean young adults of differ-
ent ethnicities. J Nutr 132: 2574-2579.

Herman WH, Dungan KM, Wolffenbuttel BH, Buse JB,
Fahrbach JL, Jiang H, et al. (2009) Racial and ethnic
differences in mean plasma glucose, hemoglobin Alc,
and 1,5-anhydroglucitol in over 2000 patients with type
2 diabetes. J Clin Endocrinol Metab 94: 1689-1694.
Wang JS, Tu ST, Lee IT, Lin SD, Lin SY, Su SL, et al.
(2011) Contribution of postprandial glucose to excess
hyperglycaemia in Asian type 2 diabetic patients using
continuous glucose monitoring. Diabetes Metab Res
Rev 27: 79-84.

Oberbach A, Bossenz Y, Lehmann S, Niebauer J, Adams
V, Paschke R, et al. (2006) Altered fiber distribution and
fiber-specific glycolytic and oxidative enzyme activ-
ity in skeletal muscle of patients with type 2 diabetes.
Diabetes Care 29: 895-900.

Meier JJ, Baller B, Menge BA, Gallwitz B, Schmidt
WE, Nauck MA (2009) Excess glycaemic excursions
after an oral glucose tolerance test compared with a
mixed meal challenge and self-measured home glucose
profiles: is the OGTT a valid predictor of postprandial
hyperglycaemia and vice versa? Diabetes Obes Metab
11:213-222.

Oka R, Hifumi S, Kobayashi J, Mabuchi H, Asano A,
Yagi K, et al. (2007) The relationship between post-
prandial plasma glucose and post-challenge plasma glu-
cose in Japanese population. Diabetes Res Clin Pract
78:282-288.



