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Context: Chronic hyperglycemia worsens skeletal musclalingesistance and beta cell
function. However, the effect of sustained physiaddiyperglycemia on hepatic insulin
sensitivity is not clear.

Objective: To examine the effect of sustained physiologigdrglycemia (similar to that
observed in type 2 diabetic individuals) on endagen(primarily reflects hepatic) glucose
production (EGP) in healthy individuals.

Design: Subjects participated in a three step hyperinsmiic (+10, +20, +40 mU/famin)
euglycemic clamp before and after a 48 hour gluaufsision to increase plasma glucose
concentration by ~40 mg/dl above baseline. Endagegtucose production (EGP) was
measured with 3H-glucose before and after chronic glucose infusion

Participants. Sixteen NGT subjects (8 with and 8 without fignhiistory [FH] of diabetes)
participated in the study.

Main outcome measure- EGP

Results: Basal EGP increased following 48 hours of glecogusion (2.04+0.08 to 3.06+0.29
mg/kgmemin, p<0.005). The hepatic insulin resistance x@sal EGP X fasting plasma
insulin) markedly increased following glucose intus(20.1+1.8 to 51.7+ 6.6, p <0.005) in both
FH+ and FH- subjects.

Conclusion: Sustained physiologic hyperglycemia for asditik 48 hours increased the rate of
basal hepatic glucose production and induced hepetilin resistance in NGT healthy subjects,
providing evidence for the role of glucotoxicitytime increase in hepatic glucose production in
T2DM.

We examined the effect of mild physiologic hyperglycemia (+40 mg/dl) for 48 hours in healthy glucose
tolerant subjects with and without family history of type 2 diabetes. .
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INTRODUCTION

Postabsorptive hyperglycemia primarily reflects@ased endogenous (hepatic) glucose
production (EGP) and is a characteristic featurgypé 2 diabetic patients with elevated fasting
plasma glucose concentrations (> 140-160 mg/dB)(1&lycogenolysis and gluconeogenesis
contribute approximately equally to endogenousageqroduction in normal glucose tolerant
subjects (6-8). In poorly controlled T2DM individegostabsorptive hyperglycemia primarily
results from elevated hepatic gluconeogenesis {8-ARhough an absolute increase in EGP
may not be observed in diabetic patients with rfakting hyperglycemia, hepatic insulin
resistance is evident by the impaired suppresdi®Ge® by insulin (5,13-15). In pre-diabetic
individuals elevated gluconeogenesis in the fasdtate and impaired suppression of both
gluconeogenesis and glycogenolysis by insulin {iéicates that these metabolic defects are
present early in the natural history of T2DM.

Chronic hyperglycemia has been shown to exacedkaietal muscle insulin resistance and
normalization of the plasma glucose concentrataa$ to improved skeletal muscle glucose
uptake (17-19). In animal models of T2DM, correctaf hyperglycemia has been shown to
normalize hepatic insulin sensitivity (17,20,2Multiple factors have been suggested to
contribute to the development of hepatic insulsis&nce including lipotoxicity (22,23) and
glucotoxicity (24,25) in T2DM. Increased hexosamlienels have been proposed as a possible
mechanism responsible for the hepatic insulin tasce (26,27). Consistent with this,
glucosamine infusion has been shown to induce hejpaulin resistance (28) and in diabetic
animal models lowering the blood glucose conceiinaly pharmacologic intervention
improves hepatic insulin resistance (17, 18). litucad hepatocytes both glucose and
glucosamine (26,29) upregulate glucose-6-phospiata O-glycosylation of FoxO1
(26,28,30). These studies in rodents suggest thedixicity plays an important role in the
development of hepatic insulin resistance.

Although acute hyperglycemia is known to supprestogenous glucose production (31-33),
the effect of chronic hyperglycemia on hepatic imssensitivity in humans has not previously
been examined. In the present study we examineeftbet of sustained physiologic
hyperglycemia, as seen in individuals with mild TPon basal hepatic glucose production and
suppression of HGP by insulin in normal-glucose#tant (NGT) subjects with and without FH
of T2DM. Individuals with a positive family histpi(FH) of diabetes were included because we
previously have shown that they are predispos¢ldet@adverse effects of metabolic signals
known to contribute to the development of T2DM,@peally lipotoxicity (34).

SUBJECTSAND METHODS

Subjects:

Eight healthy NGT subjects with FH of T2DM and &ltkey NGT subjects without FH of

T2DM participated in this study. Their clinical chateristics are shown in Table 1. No subject
was taking any medication known to affect glucostaiolism. All subjects were in good

general health as determined by medical historysighl exam, screening blood tests, and EKG.

Body weight was stable (3 pounds) in all subjéatsat least 3 months prior to study and no
subject participated in an excessively heavy eserprogram. Positive family history was
defined as at least two first degree family membtis T2DM. All studies were performed on
the Bartter Research Unit (BRU), South Texas Vetetdealth Care System, Audie L. Murphy
Hospital in San Antonio, Texas.
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All subjects received 75 gram OGTT to documenttesence of normal glucose tolerance
according to ADA criteria. Blood samples were dnaat -30, -15, 0 and every 15 minutes
thereafter for 2 hours for determination of plagghecose, insulin, C-peptide, and FFA
concentrations. Body weight (nearest 0.1 kg ontaligcale) (Health-O-Meter, Bridgeview, IL)
and height (nearest 1 cm) were recorded. Totay letdcontent and percent body fat were
measured by DXA (4500 Hologic, Bedford, MA).

Experimental Protocol:

All subjects received a baseline 3-step euglycénsialin clamp (+10,+20, +40 mU/wmin) to
raise plasma insulin by ~20, 40, 80 uU/ml (3%jach step lasted for 90 minutes. The insulin
clamp was performed at 7 AM following a ~10 hourrowvght fast. At 10 PM on the evening
prior to the insulin clamp, the first six subjentsruited into the study drafki,O, 1.67g/kg

body water, in divided doses over 1 hour to quatgigjluconeogenesis. At 7 AM participants
reported to the BRU and prime (40 uCi)-continudig (1Ci/min) infusion of 3H-glucose was
started and continued throughout the 270 minutdystim quantitate HGP. Blood samples for
determination of C5 and C2 deuterated glucose lemeat were collected at -120, 0, 90, 180 and
270 minutes. Plasma samples for determinationasfpa tritiated glucose specific activity were
obtained at -30, -20, -10, -5, 0 minutes and el@n15 minutes during the three step
hyperinsulinemic euglycemic clamp to calculaterdte of hepatic glucose production, %HGP
from gluconeogenesis, and total gluconeogenesq6z8,10,11,36). Subjects who received
’H,0 returned to the BRU in ~6 weeks (allowing for washof’H,0) and received a variable
glucose infusion to raise the plasma glucose cdrasgon by ~40 mg/dl for 48 hours. Subjects
who did not receivéH,O returned to the BRU within 3-5 days for the 48itsoglucose infusion.
On the morning of day 3, the 3-step euglycemiclinsziamp with 3°H-glucose andH,0 was
repeated exactly as described above. The col@sguinfusion was stopped at 6 AM on the
morning of day 3 and the plasma glucose conceatratas allowed to drop spontaneously to the
fasting level. At 8 AM the 3-step euglycemic inautlamp was repeated.
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Analytical Measurements:

Plasma glucose concentration was determined bgltivese oxidasesaction (Glucose Oxidase
Analyzer; Beckman, Fullerton, CA), plasma insulimdaC-peptide concentrations were measured
by radioimmunoassgfoat A Coat; Diagnostic Products, Los Angeles, G plasma

glucagon concentration was measured by radioimmasayaLinco Research, St. Charles, MO).
Plasma 3H-glucose radioactivity was measured in Somogytipitates. Enrichment of
deuterium in carbons 2 and 5 of plasma glucosemessured as previously described
(6,9,10,11,36).

STATISTICAL ANALYSIS:
Data are presented as mean =+ SEM. Comparisorriables before and after 48 hours of
glucose infusion was performed with analysis ofaraze (ANOVA) and Bonferroni post hoc
correction. Correlation analysis was done withrBaa correlation coefficient. P values less than
0.05 were considered statistically significant.

Calculations:

Under steady-state post-absorptive conditionsbésal rate of endogenous glucose appearance
(R, equals the 3H-glucose infusion rate divided by steady-statspia tritiated glucose

specific activity. During the insulin clamp, noretly-state conditions for Bt-glucose specific
activity prevail and the rate of glucose appeardRgewas calculated with Steele’s equation
(37). The rate of residual EGP during the insulamp was calculated by subtracting the

=
L
U
-
L
—l
S
—
oC
<
LL
O
Z
<
>
Qo
<

ENDOCRINE =
SOCETY Ema

610z Ateniged pz uo Jasn Ajisioniun [eIpsiy BWeNES Aq L.Z6ZyES/F0EZ0-8102°01/01ZL 01/I0PA0LISIB-0]01IE-90UBAPE/WSO(/LI0d"dNO"0IWSPEOE//:SARY WOI) PAPEOJUMOQ



THE JOURNAL OF CLINICAL
ENDOCRINOLOGY & METABOLISM

=
L
U
-
L
—l
S
—
oC
<
LL
O
Z
<
>
Qo
<

ENDOCRINE =
SOCETY Ema

The Journal of Clinical Endocrinology & Metabolis@opyright 2019 DOI: 10.1210/jc.2018-02304

exogenous glucose infusion rate from the traceidedR,. The insulin-stimulated rate of total
body glucose disposal (TGD) was calculated by agithe rate of residual EGP to the
exogenous glucose infusion rate. Rates of glucaerssis were calculated by multiplying the
plasma C5/C2 glucose ratio by the rate of endogegtucose production. Glycogenolysis was
calculated by subtracting the rate of gluconeogerfesm the rate of endogenous glucose
production (6,9,10,11,36).

RESULTS

Plasma Glucose, I nsulin, C-peptide and Glucagon Concentrations

Because the results in the FH- and FH+ are supesaipe, we have combined the results for
ease of presentation. Mean fasting glucose corat@rirwas 97+2 mg/dl and during the 48 hour
glucose infusion the plasma glucose concentratias maintained at 136 + 4 mg/dl. The plasma
insulin concentration during the 48 hour glucodasion progressively increased from 10+1
uU/ml to 68+7 uU/ml (p<0.005). Before the startloé repeat euglycemic insulin clamp after 48
hours of sustained hyperglycemia, the plasma giicoacentration (135+5 mg/dl) was allowed
to return to the fasting level (96+ 3 mg/dl)I, atigh time the plasma insulin concentration
remained higher (17 = 2 uU/ml, p<0.05) than ondhg of the baseline insulin clamp. Of note,
plasma glucose and insulin concentrations andae&H-glucose specific activity were at
steady state prior to the start of the insulin garfrasting plasma C-peptide levels followed a
similar trend (2.8+ 0.3 vs 1.86% 0.2 ng/ml, p<0.@5jhose of insulin during the 48 hour glucose
infusion. The steady state plasma insulin cone#iotrs during the three insulin clamp steps
were higher following 48 hours of glucose infus{gingure 1A).

Plasma Glucose and I nsulin Concentrations and M etabolic Clearance Rate of Insulin (MCRI)
During the Insulin Clamp

The steady state plasma insulin (Figure 1A) andaga concentrations during the 3 steps of the
baseline insulin clamp were 25+1, 5144, 87+3 uUdmd 97+3, 98 +2, 99 +2 mg/dI,
respectively. During the repeat insulin clamp perfed after 48 hours of glucose infusion the
steady state plasma insulin and glucose concesrigatvere 37+3, 6715, 116+7 uU/ml and 99+2,
96 + 2, 97 £3 mg/dl. The increment in plasma imsabncentration during the 3 steps of the
euglycemic insulin clamp performed before and af&hours of glucose infusion was
significantly higher during the 40mUfwmin clamp step. The MCRI during the three insulin
clamp steps (10, 20, and 40 mU3/min) performed at baseline was 82+5, 66+ 4, abd %
ml/m?.min respectively. Following 48 hours of sustaihggerglycemia, the MCRI was 71 + 9
(P=NS), 60+ 7 (P=NS), and 49 + 4 mflmin (p<0.05 vs baseline).

Total Body Glucose Disposal

The rate of total body glucose disposal (TGD) dyeach of the three insulin clamp steps (10,
20 and 40 mU/ffmin) was similar between FH+ and FH- subjects teefmd after 48 hours of
glucose infusion. The rate of glucose disposalddigliby the steady state plasma insulin
concentration (TGD/SSPI) during the 40 m@min insulin clamp step (Figure 2) was
significantly reduced (6.71+£0.79 vs 12.1+1.04 mgjkper uU/mL, p<0.005). Similar results
were observed when the rate of glucose disposativated by the increment in steady state
plasma insulin concentration. During the 40 m&fmin insulin clamp step, TGRSSPI was
8.1+0.9 vs 14.7+1.2 mg/kg per uUu/mL, p<0.005).

Endogenous Glucose Production
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The basal rate of EGP was similar in FH+ and FHbjestts during the baseline insulin clamp
study. Following 48 hours of glucose infusion tlas#l rate of EGP increased similarly and
significantly in the FH- (from 1.97+ 0.1 to 3.5#50mg/kgemin, p<0.01) and FH+ (from 2.1+ 0.1
to 2.55 + 0.25 mg/kgemin, p<0.05) (Figure 3A) andbth groups combined (2.04+0.08 to
3.06£0.29 mg/kgemin, p<0.005) (Figure 1C). EGP declined progresg during each step of
the euglycemic insulin clamp, with impaired suppres (p<0.01) observed during the 10
mU/mPemin insulin clamp step (Figure 1B). Since theifagplasma insulin concentration was
significantly higher following 48 hours of glucosgusion, the hepatic insulin resistance index
(basal EGP X fasting plasma insulin) increased edlgkfollowing glucose infusion in the FH-
(16.8 £ 2.2 to 54.7+11, p<0.001) and FH+ (23+2.86a7.6, p<0.05) groups (Figure 3B) and in
both groups combined (20.1+1.8 vs 51.7+6.6, p <D.QBigure 1C).

Gluconeogenesis and Glycogenolyis

The basal rate of gluconeogenesis (GNG) was mahbyrenultiplying the ratio of C5/C2 in
plasma glucose by the basal rate of EGP in 6 stshjEollowing 48 hours of glucose infusion,
the C5/C2 ratio tended to decrease from 0.54 Z ®.45 £ 0.04 (p=NS) and the basal rate of
gluconeogenesis (5.58+1.8 vs 5.78+2.06 pumol/kgemich)not change, while the basal rate of
glycogenolysis increased significantly (8.02+1.71@05+1.3 pmol/kgemin, p<0.05). Thus, the
increase in EGP and hepatic insulin resistanceariipresulted from impaired suppression of
glycogenolysis.

Plasma Free Fatty Acid and Glucagon Concentrations

To gain insight into the mechanisms responsibleétferdevelopment hepatic insulin resistance
following 48 hours of glucose infusion, we measypma FFA and glucagon concentrations.
Baseline plasma glucagon concentration tended todbeer following 48 hours of glucose
infusion (64£3 vs 77+ 8 pg/ml, p=0.25) (Figure wWhile the product of plasma glucagon and
insulin concentrations was markedly increased 686 vs 1336 + 262, p=0.004) indicating that
the suppressive effect of insulin on glucagon dexrevas impaired. Baseline plasma free fatty
acid concentration was markedly reduced followiBghdurs of glucose infusion and suppressed
to a similar magnitude during each of the 3 insalamp steps (Figure 4).

Plasma L actate, Alanine and Glycerol

Plasma lactate, alanine, and glycerol are key glecgenic substrates. Although the plasma FFA
was markedly suppressed following 48 hours of gtedafusion, there was no difference in
plasma glycerol concentration (13.4+1.2 vs 13.32g/L, p=ns). Following 48 hours of
glucose infusion, there were small increases ih Hut plasma lactate (1.05+ 0.05 vs 1.48 + 0.07
mM, p<0.05) and alanine (2.38+0.3 vs 3.32+0.3 mM).p3) concentrations.

Discussion

The present results demonstrate, for the first,tiimet mild sustained physiologic hyperglycemia
for only 48 hours results in severe hepatic instggistance and an increase in the basal rate of
endogenous (primarily reflects hepatic) glucosalpotion. This observation has important
clinical implications and indicates that mild pstsnt hyperglycemia aggravates hepatic insulin
resistance and can exacerbate fasting hyperglycgeniiaDM patients.

Studies from our lab (1-3) and others (4,5,8,10(E)e shown that fasting hyperglycemia
(plasma glucose>140 mg/dl) primarily results froepétic insulin resistance and an elevated
basal rate of hepatic glucose production. An adaéein plasma glucose concentration has been
shown to suppress hepatic glucose production ilihyeadividuals (32, 38). In contrast, the
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present results show that 48 hours of sustainesdiplogic hyperglycemia in NGT individuals
causes marked hepatic insulin resistance, resuttiag increased rate of basal hepatic glucose
production and impaired suppression of HGP by ingiigure 3). The major difference
between the previous studies (32,38) and the dustady is the duration of hyperglycemia. In
the previous studies (32,38) hyperglycemia was tagiad for only 6 hours, while in the current
study hyperglycemia was maintained for 48 hourse did not examine the effect of acute
hyperglycemia on EGP, so the present findings d@owotradict these prior results. In healthy
individuals acute hyperglycemia-induced suppreseidBGP has been attributed, in part, to the
glucose-induced reduction in plasma FFA conceitnasecondary to suppression of lipolysis
(39,40). In the present study, as expected, trar@a=FA concentration declined markedly
following 48 hours of glucose infusion. This, ifyahing, would minimize (not increase) the
severity of glucose-induced hepatic insulin resistéa

In NGT individuals approximately half of hepatiaigbse production (HGP) is derived from
glycogenolysis and half from gluconeogenesis (619, In T2DM individuals the increased
basal rate of HGP following an overnight fast priityas derived from an elevated rate of
hepatic gluconeogenesis (8-11). In the presediyghe percentage of glucose derived from
gluconeogenesis (ratio of C5/C2 in glucose) waghdlly, although not significantly, decreased
after 48 hours of glucose infusion. When multigley the rate of basal HGP, the absolute rate
of gluconeogenesis was not significantly chang&aus, from the quantitative standpoint the
increased rate of glycogenolysis was the primagtofaresponsible for the increased basal rate of
HGP.

With respect to gluconeogenesis, substrate delitgetlye liver has been shown to be an
important determinant of hepatic gluconeogenesis IfY the present study circulating levels of
alanine and lactate increased slightly followingirs of glucose infusion, while plasma
glycerol concentration was unchanged. Althoughptema alanine and lactate levels were
increased following 48 hours of glucose infusidig increase was quite small and, more
importantly, the rate of gluconeogenesis was nuemsed. Free fatty acids are not a precursor
for glucose but elevated plasma FFA levels canudtita hepatic gluconeogenesis by activating
enzymes involved in gluconeogenesis and stimulaipgogenolysis (22,41). However, in the
present study plasma FFA levels were markedly @seekfollowing glucose infusion for 48
hours.

Increase hexosamine flux has been shown to inchstdim resistance in muscle, adipocytes,
and liver (27) by increasing intracellular levefdUDP-N-acetylglucosamine (UDP-GLc NAc),
which subsequently is O-linked to serine/threomgmdues of cytosolic proteins (42). This has
been referred to as glucotoxicity (43). Althougit measured in the present study, TRIB3 (44)
has been suggested to be involved in glucose-needimtiscle insulin resistance. In rodent
models of T2DM correction of hyperglycemia withemal glucose transport inhibitor restores
normal hepatic insulin sensitivity, reduces thevated basal rate of hepatic gluconeogenesis, and
inhibits glucose-6-phosphatase (17). Conversdlg,ogamine infusion is normal rats induces
hepatic insulin resistance and upregulates gluégseesphatase (45). In cultured hepatocytes
both glucose and glucosamine (45,46) upregulateogkr6-phosphatase (G-6-Pase) via O-
glycosylation of FOxO1 (46). When dephosphorylateg@dxO1 translocates to the nucleus and
induces the transcription of key gluconeogenic gemeaich encode for PEPCK and G-6-Pase
(47). Thus, increased hexosamine flux, as a resghronic hyperglycemia, could induce
insulin resistance via the FOxO1 pathway. Prodhtd pathogenic mechanism would require
liver biopsy before and after 48 hours of glucadasion and this is not possible in humans.
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Studies in rodents have demonstrated that sustginedse infusion to create a state of
physiologic hyperglycemia (plasma glucose concéntrta-250 mg/dl) for 4 days resulted in
greater than 90% suppression HGP (48). Howevetjraced glucose infusion during days 5-7
was associated with a marked and progressiverrisiésiP which was associated with an
increase in plasma glucagon concentration. Theseased alpha cell glucagon secretion is a
manifestation of glucotoxicity and contributes he rise in HGP. In the present study the basal
plasma glucagon concentration was increased by(P8%.20) after 48 hours of glucose
infusion. Given that the fasting plasma insulimeentration was increased following glucose
infusion, the elevated plasma glucagon levels ssiggsistance to the inhibitory effect of insulin
on plasma glucagon. Consistent with this, the ptbdtithe plasma glucagon and plasma insulin
concentrations was increased 2.5-fold followingw8rs of glucose infusion. Thus, increased
plasma glucagon levels could have contributedan, po the increase in basal rate of HGP and
impaired suppression during the euglycemic insclmp.
Although not measured in the present study, onddwexpect that 48 hours of glucose
infusion would increase hepatic glycogen contef{5@) since acutely glucose binds to and
activates glycogen synthase and inhibits glycodersphorylase (51,52). However, a chronic
increase in hepatic glycogen concentration inhigigsogen synthase and activates glycogen
phosphorylase (53). Therefore, when glucose issied for 48 hours, one could hypothesize that
an increase in hepatic glycogen concentration caciidate glycogen phosphorylase and
accelerated the rate of glycogenolysis accountingart, for the present observations.
During the 48 hours of glucose infusion, insulioreéion was stimulated and the plasma
insulin concentration increased significantly. Wfeviously have shown that chronic
hyperinsulinemia, while maintaining euglycemia, aastuce hepatic, as well as peripheral tissue,
insulin resistance (54,55). Insulin-induced insuBsistance is mediated via down regulation of
the insulin signaling pathway (IR/IRS-1,2/PI3K/AKH6) and this could have contributed to the
hepatic insulin resistance and elevated rate ailid$GP and impaired suppression of HGP by
insulin (Figure 3). With regard to this, it shoddd noted that in T2DM patients combined
hyperglycemia plus hyperinsulinemia commonly cogxispecially early in the natural history
of T2DM, when beta cell function is still preservéd.
Although not the primary purpose of the presenttd8 hours of sustained hyperglycemia
was sufficient to induce peripheral tissue (prityareflects muscle) insulin resistance. Thus,
during the 40 mU/imin insulin clamp step (Figure 2), insulin seni¥i (total glucose disposal
+ steady state plasma insulin concentration) wadsaed by 37%.
Although we hypothesized that NGT subjects wittoaitive family history of diabetes might
be more susceptible to the deleterious effectdiadrac hyperglycemia on hepatic insulin
sensitivity, induction of hepatic insulin resistarand the increase in basal rate of HGP in FH
positive subjects was similar to that in subjedtheut family history of diabetes.
In summary, sustained physiologic hyperglycemid(rdy/dl) for only 48 hours induced

marked hepatic insulin resistance in NGT subjeats and without family history of diabetes.
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Figure 1: (A) Plasma insulin concentration and before and duhieghree insulin clamp steps
performed before (baseline) and after 48 hougduwfose infusion{B) Hepatic glucose
production during the three insulin clamp stepdgrered before and after 48 hours of glucose
infusion; (C) Basal hepatic insulin resistance index (basal XGRasting Plasma Insulin
Concentration) before (baseline) and after 48 hotigducose infusion
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Figure-2: Insulin sensitivity (Total Glucose Disposabteady State Plasma Insulin
Concentration) during the 40 mU7min euglycemic insulin clamp performed before after
48 hours of glucose infusion.

Figure-3: (A) Basal hepatic glucose production during the basedtudy (solid bars) and during
the study performed after 48 hours of glucose iofugopen bars) in the FH+ and FH- subjects;
(B) Basal hepatic insulin resistance index (basal HGR3ting Plasma Insulin Concentration)
before (solid bars) and after 48 hours of gluco$esion (open bars) in the FH+ and FH-
subjects.

Figure- 4: (A) Plasma glucagon concentration 4Byl plasma FFA concentration before and
after 48 hours of glucose infusion.

Table 1. Baseline characteristics in NGT subjadtsout (FH-) and with (FH+) family history
of diabetes. Data represent the mean £ SEM.

FH- FH+ P-Value

Number 8 8

Gender (M/F) 5/3 4/4 ns
Age (years) 474 42+3 ns
BMI (kg/m?) 27+1 25.5+1.1 ns
FFM (kg) 54+6.4 48+4.3 ns
HbAlc (%) 5.4+0.1 5.5+0.1 ns
FPG (mg/dl) 9544 9445 ns

2-h Glucose OGTT (mg/dl) 11047 12849 ns

BMI = body mass index; FFM = fat free mass; FP@Gstihg plasma glucose concentration
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