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Abstract

Aim: This case-control study aimed to examine impairments in glucose metabolism in
non-diabetic carriers of the mitochondrial mutation m.3243A>G by evaluating insulin

secretion capacity and sensitivity.

Methods: Glucose metabolism was investigated in 23 non-diabetic m.3243A>G carriers
and age-, sex- and BMI-matched healthy controls with an extended 4-h oral glucose
tolerance test (OGTT). Insulin sensitivity index and acute insulin response were estimated
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on the basis of the OGTT. This was accompanied by examination of body composition
by dual-energy X-ray absorptiometry (DXA), maximum aerobic capacity and a Recent

Physical Activity Questionnaire (RPAQ).

Results: Fasting p-glucose, s-insulin and s-c-peptide levels did not differ between
m.3243A>G carriers and controls. Insulin sensitivity index (BIGTT-S,) was significantly
lower in the m.3243A>G carriers, but there was no difference in the acute insulin
response between groups. P-lactate levels were higher in carriers throughout the OGTT.
VO, Ut not BMI, waist and hip circumferences, lean and fat body mass%, MET or
grip strength, was lower in mutation carriers. BIGTT-S, remained lower in mutation
carriers after adjustment for multiple confounding factors including VO,,,,, in regression

analyses.

Conclusions: Glucose metabolism in m.3243A>G carriers was characterized by reduced

insulin sensitivity, which could represent the earliest phase in the pathogenesis of

m.3243A>G-associated diabetes.
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Introduction

Mitochondrial diabetes mellitus may be caused by
mutations in nuclear DNA (nDNA) as well as in
mitochondrial-encoded genes (mDNA) (1). The most
common mitochondrial mutation, m.3243A>G, associates
with maternally inherited diabetes and deafness (MIDD)
(2, 3), which has a prevalence of 0.2-2% in diabetic
populations (4, 5, 6, 7). Nearly 100% of m.3243A>G
carriers develop impaired glucose tolerance (IGT)

or overt diabetes at age 70 years (7). In addition to
diabetes, m.3243A>G carriers may present with highly
variable clinical phenotypes including mitochondrial
encephalomyopathy, lactic acidosis and stroke-
like episodes (MELAS) and progressive external
ophthalmoplegia (PEO) (3). The variation in the clinical
phenotypes is partly explained by different tissue
mutation burdens, that is cells and tissues hold a mixture
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of both mutated (m.3243A>G) and WT genomes (8, 9),
also called heteroplasmy (10). The heteroplasmy level
contributes significantly to the severity of mitochondrial
dysfunction at the cellular level (11, 12). In skeletal
muscle, heteroplasmy is inversely correlated to oxidative
capacity in patients with mitochondrial myopathy (13).
Additionally, the level of heteroplasmy in blood and
muscle is inversely correlated to age of diabetes debut (14).

Itis debated whether the impaired glucose metabolism
in m.3243A>G carriers is characterized by insulin
resistance, insulin secretion defect or a combination. The
nuclear gene encoded mitochondrial transcription factor
A (TFAM) is essential for transcription of mDNA, and
mice with knockout of TFAM in pancreatic p-cells have a
reduced glucose-stimulated insulin secretion followed by
loss of B-cells (15). However, in mice with skeletal muscle-
specific TFAM knockout, peripheral glucose disposal was
increased and they did not develop diabetes (16). These
findings do not support mitochondrial dysfunction in
skeletal muscle tissue as a primary phenomenon in the
development of insulin resistance.

Studies of the glucose metabolism in human carriers
of m.3243A>G have shown conflicting results. Many
of these studies were hampered by small numbers of
participants due to the rarity of the disease. Insulin
secretion defect has been a repeated finding in most of
the previous studies of the glucose metabolism. Suzuki
et al. (17) studied 10 non-DM and 14 DM m.3243A>G
carriers and found a markedly reduced glucose-
stimulated insulin secretion during an OGTT and lower
24-h urine c-peptide levels in carriers than in controls.
The insulin secretion defect progressed from carriers
with normal glucose tolerance (NGT) over carriers with
IGT to carriers with DM (17). Two studies of 25 and 12
non-diabetic m.3243A>G carriers reported none or only
subtle impairments of insulin response to an OGTT
(7, 18). First- and second-phase insulin secretion was
reduced in hyperglycemic clamp studies of two and
seven m.3243A>G carriers (7, 19).

Fifteen m.3243A>G carriers with different stages of
glucose intolerance were studied with both OGTT and
hyperinsulinemic clamp. In these patients, both decreased
insulin sensitivity and impaired p-cell function was
demonstrated prior to development of overt diabetes (20).
Insulin sensitivity was equally reduced in all m.3243A>G
carriers while the insulin secretion defect progressed from
non-diabetic over the newly diagnosed diabetic to the
carriers with an average diabetes duration of 9.7 years
(20). In the same group of subjects, insulin resistance was
found in adipose tissue with decreased insulin-stimulated
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glucose uptake, blunted suppression of lipolysis and low
adiponectin levels (21). Insulin resistance has also been
reported in other studies, although only in mutation
carriers with manifest diabetes, which suggests that
insulin resistance could be caused by glucose toxicity
rather than mitochondrial dysfunction (19, 22, 23). This
is in contrast to a study of 12 diabetic carriers, which
did not detect insulin resistance using the euglycemic-
hyperinsulinaemic clamp (24). Increased gluconeogenesis
related to elevated lactate levels has also been implicated
in the pathogenesis of mitochondrial diabetes (23). In
addition, insulin response to arginine showed normal
values, indicating a preservation of the f-cell population
despite impaired glucose-stimulated insulin secretion (19).

A defect in insulin secretion is probably a major
factor in the development and especially the progression
of m.3243A>G-associated diabetes, but evidence also
suggests that insulin resistance of skeletal muscle and
adipose tissue and increased hepatic gluconeogenesis
contribute to the development of diabetes. In most
studies, insulin resistance was limited to subjects with
manifest diabetes, raising the question of whether insulin
resistance is caused by mitochondrial dysfunction or is a
consequence of hyperglycemia. The aim of this study was
to examine a group of m.3243A>G carriers with presumed
NGT to identify early changes in glucose metabolism
prior to the development of diabetes and evaluate insulin
secretion and sensitivity.

Methods
Design, setting and participants

The participants in the study were recruited between
February 2016 and August 2017 from a Danish cohort of
m.3243A>G-positive subjects from 26 families. Ninety-five
individuals were evaluated and 55 subjects were excluded
because of previously diagnosed diabetes mellitus defined
by a 2-h plasma glucose >11.1mM after an oral glucose
tolerance test (75g glucose) or hemoglobin 1Ac (HbAlc)
>48mM (25). Pregnancy (n=1) and treatment with
medications known to influence the glucose metabolism
were also exclusion criteria. The remaining 39 were
invited to participate in the study and 23 accepted, while
16 declined participation.

Twenty-three healthy control subjects were recruited
by advertising among hospital staff, blood donors and
the general population. We received 68 responses and
selected subjects that matched the mutation carriers on
sex, age and BMI (£20% margin).

© 2019 The authors
Published by Bioscientifica Ltd

https://ec.bioscientifica.com
https://doi.org/10.1530/EC-19-0118

This work is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.

D OB


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-19-0118
https://ec.bioscientifica.com

y Endocrine JH Langdahl et al.

W CONNECTIONS

Information on lifestyle, comorbidities and treatment
was retrieved by interviews and a structured questionnaire.
All participants also completed a Recent Physical Activity
Questionnaire (26, 27). Body weight was measured with
participants wearing casual indoors clothing and barefoot
to the nearest 0.1kg on a Seca model 708 scale (Seca,
Hamburg, Germany). Body height was measured to the
nearest 0.1 cm on a wall-mounted Harpenden stadiometer
(Holtain Ltd., Crymich, UK). Examinations and scans
were performed at Hospital of Southwest Jutland and
Odense University Hospital.

All participants provided informed consent, and
the study was performed according to the guidelines
from the Declaration of Helsinki. The Regional Scientific
Ethical Committees for Southern Denmark approved both
investigations (ID S-20100112).

Oral glucose tolerance test

All individuals underwent an extended 75-g frequently
sampled OGTT according to the BIGTT protocol, where
the estimated insulin sensitivity and insulin secretion
capacity were validated against an intravenous glucose
tolerance test in non-DM individuals (28). After a 12-h
overnight fast, venous blood samples were drawn at
—20, —10 and Omin before the OGTT and at 10, 30, 50,
60, 90, 105, 120, 140, 180 and 240min from the start
of the glucose load and stored at —80°C until analysis
of p-glucose, p-lactate, s-insulin levels and s-c-peptide.
Plasma glucose and plasma lactate were determined on
ABL800 FLEX® (Radiometer Medical, Brenshgj, Denmark)
and serum insulin, and c-peptide was measured on
Cobas €411® (Roche) by electro-chemiluminescence
immunoassay (ECLIA). Samples from mutations carriers
and the matched control subjects were analyzed in pairs.

Biochemical analysis

Fasting venous blood samples taken before the OGTT
between 08:15 and 08:40h were stored at —80°C until
measurement of lipids, electrolytes, p-liver enzymes
and p-creatinine by Architect C16000 analyzer (Abbott
Diagnostics), HbAlc by Tosoh G8 (Tosoh Bioscience, Inc.
San Francisco, CA, USA) and hemoglobin by Sysmex XE
5000 (Sysmex Nordic, Copenhagen Denmark).

DXA scan

Whole-body fat mass and lean mass were measured
using dual-energy X-ray absorptiometry (DXA) (Hologic
Discovery, Waltham, MA, USA).

Insulin resistance associated
with m.3243A>G

Handgrip muscle strength test was evaluated by a JAMAR
hydraulic hand dynamometer (Sammons Preston Rolyan,
Bolingbrook, IL, USA), where the individual subject was
given three attempts with the dominant hand and the
best attempt was noted.

Muscle strength test

Maximal aerobic capacity

All participants completed a maximal workload bicycle
test on an ergomedic exercise cycle (Monark 928e
ErgometerCycle) to measure their maximal aerobic
capacity (VO,,,.,) (29).

Statistics

Data were expressed as meanz+standard deviation (s.p.),
median (interquartile range (IQR)), or numbers as
appropriate. Normality was evaluated using probability
plots. m.3243A>G-positive subjects and controls were
compared using chi-square test for categorical variables
and unpaired Student’s t test or Mann-Whitney U test for
normally distributed or nonparametric data, respectively.
Data is presented in tables with mean+s.n. or median
and IQR for normally distributed or nonparametric data,
respectively.

The OGTT data are presented in graphs of the time-
dependent changes in concentrations of p-glucose,
p-lactate, p-insulin and s-c-peptide with confidence
intervals (CI). Area under the curve (AUC) was calculated
for 0-30min, 0-180min and 0-240min. Insulin sensitivity
and insulin secretion capacity were estimated by two
methods. We used The Homeostasis Model Assessment
(HOMA) to estimate insulin resistance (HOMA-IR) and
p-cell function (HOMA-B) (30). Furthermore, we used
the equations from the BIGTT study (28) to calculate the
insulin sensitivity index (BIGTT-S;) and acute insulin
response index (BIGTT-AIR). Differences between carriers
and controls were compared for each measurement by
unpaired Student’s t test or Mann-Whitney U test for
normally distributed or nonparametric data, respectively.
Multiple regression analyses were performed to assess the
association between VO, .. and BIGTT-S;, BIGTT-AIR,
HOMA-IR and HOMA- with and without adjustment
for potential confounders. The first regression model
included mutation status (m.3243A>G vs wild type) and
VO,,..x as independent variables, and the second model
included mutation status, VO,_,,, BMI, age and sex as
independent variables. Logarithmic transformation was
applied if variables were not normally distributed.
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Statistical analyses were performed using STATA
statistical package version 15 (StataCorp LP, College
Station, TX, USA).

Results

General characteristics, body composition, physical
activity, muscle strength and aerobic capacity of
study participants

Characteristics of m.3243A>G subjects and controls are
presented in Table 1. Gender, age, body weight, BMI, blood
pressure, waist and hip circumference were similar among
mutation carriers and controls. However, mean body
height was 7 cm lower in mutation carriers. Furthermore,
mean pulse rate was 8/min higher and, mean aerobic
capacity was 8.6 mL/kg/min lower in carriers.
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Handgrip muscle strength, all RPAQ variables
and all biochemistry variables did not differ between
groups. The DXA scans showed lower lean body mass
in the m.3243A>G carriers (P value 0.05), but the body
composition represented by total body fat and lean body
mass percentage did not differ.

Oral glucose tolerance test

Glucose levels in the m.3243A>G carriers were elevated
compared to the control group at 50-180min and
p-insulin and s-c-peptide levels in m.3243A>G carriers at
105-240min and 120-240min, respectively (Fig. 1A, B, C
and Table 2). Furthermore, we found that p-lactate levels
were higher in the m.3243A>G group throughout the
test with a parallel, but still significant, increase toward a
maximum at 60-90min (Fig. 1D).

Table 1 Basic characteristics, physical examination, aerobic capacity, muscle strength, Recent Physical Activity Questionnaire,

biochemistry and body composition.

Category Variables m.3243A>G Controls P value
Basic characteristics Number (no.) 23 23
Sex (Female/Male) 10/13 10/13
Age (years) 30 (24-43) 32 (27-46) 0.67
Physical examination  Weight (kg) 70+19 77+13 0.15
Height (m) 2+0.1 2+0.1 0.01
BMI (kg/m?) 24 +5 24+3 0.09
Systolic blood pressure (mmHg) 126+ 14 12010 0.09
Diastolic blood pressure (mmHg) 77+7 75+8 0.51
Pulse (1/min) 74+ 11 66+ 10 0.01
Waist circumference (cm) 82 (78-98) 86 (79-91) 0.58
Hip circumference (cm) 99+9 103+7 0.10
Aerobic capacity VO, . (ML/kg/min) 28+8 36+8 <0.01
Muscle strength Handgrip muscle strength (kg) 43+ 14 46+ 11 0.57
Recent Physical Activity Total reported duration (hours) of activity times intensity 20 (15-23) 19 (14-26) 0.62
Questionnaire (RPAQ)  (MET) (METhrs/day)
Total reported plus unaccounted duration hours) times 27 (23-32) 27 (24-34) 0.52
intensity (MET) (METhrs/day)
Total activity energy expenditure discounting resting 10 (6-15) 10 (7-18) 0.56
(net METhrs/day)
Sedentary behavior energy expenditure (METhrs/day) 4.3(2.8-9.1) 4.0 (2.0-9.4) 0.68
Light intensity energy expenditure (METhrs/day) 0.0 (0.0-1.4) 0.1 (0.0-8.5) 0.24
Moderate intensity energy expenditure (METhrs/day) 4,9 (2.2-9.7) 4.2 (2.6-9.8) 0.99
Vigorous intensity energy expenditure (METhrs/day) 0.2 (0.0-2.9) 1.3(0.3-3.9) 0.17
Biochemistry HbA1c (mmol/mol) 36+4 34+3 0.08
Total cholesterol (mmol/L) 45+1.0 4.6+0.8 0.80
HDL cholesterol (mmol/L) 1.2+04 1.4+0.3 0.21
LDL cholesterol (mmol/L) 28+1.0 29+0.7 0.82
Triglyceride (mmol/L) 1.0(0.7-1.4) 0.8 (0.6-1.1) 0.28
Creatinine (umol/L) 71 (65-84) 77 (64-86) 0.58
DXA Whole-body fat mass (kg) 21+8 21+7 0.99
Whole-body lean mass (kg) 50+13 57+ 11 0.05
Whole-body mass (kg) 71+18 78+ 13 0.13
Total fat mass pct. (%) 30+8 27+8 0.30
Total lean mass pct. (%) 70+8 73+8 0.30

Mean * s.0.; Median (IQR).
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Insulin secretion and sensitivity index

All the insulin secretion indexes of BIGTT-AIR, HOMA-p,
AII(0-30), AII(0-180) and AII(0-240) showed no difference
between groups. The BIGTT-S1 index showed significantly
lower insulin sensitivity in the m.3243A>G group, while
HOMA-IR did not differ significantly between the groups.

The participants were classified according to the
2-h glucose level as NGT, IGT or DM and we found that
the majority of the m.3243A>G carriers were either IGT
(n=12) or had diabetic 2-h values (n=3) despite the fact
that everyone had HbAlc <48 mmol/mol and normal
fasting p-glucose (Tables 1 and 3).

Association between VO,,,., and insulin secretion and
sensitivity index

Carrier status was not associated with insulin secretion
capacity or sensitivity after adjustment for VO,,,., which
associated with BIGTT-S; and HOMA-IR before but not
after adjustment for confounders (Table 4). However,
BIGTT-S; remained associated with carrier status after
adjustment for both VO, ., and measures of confounders.

Discussion

The present study was performed to study the glucose
metabolism in carriers of m.3243A>G without diagnosed
diabetes at the time of recruitment with the aim to identify

A Glucose B

P-glucose [mmol/L]
®
S-insulin [pmol/L]
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potential early impairment of glucose metabolism as a
pre-stage for diabetes. All mutation carriers had normal
fasting p-glucose levels and HbAlc values, but OGTT
revealed that 12 participants exhibited IGT and three had
diabetic 2-h values. The OGTT examination demonstrated
a normal first phase insulin secretion assessed by All
(0-30min) and c-peptide values, but this was followed
by elevated levels of both p-glucose and s-insulin in
m.3243A>G carriers. Insulin secretion indexes were not
affected in the m.3243A>G carriers, but we found lower
insulin sensitivity measured by BIGTT-S; in mutation
carriers and the same tendency was seen in HOMA-IR,
although not statistically significant (P=0.077).

The major finding of the OGTT in this study is the
combination of elevated p-glucose and s-insulin levels
along with lower BIGTT-S; suggesting that insulin
sensitivity and not insulin secretion is reduced in the
m.3243A>G carriers prior to development of overt
diabetes. In previous studies of non-diabetic m.3243A>G
carriers, the existence of insulin resistance has been
disputed. In 11 non-diabetic m.3243A>g carriers, the
main finding was isolated higher p-glucose levels in an
OGTT, while insulin levels were similar to the control
group (2). A study of 10 NGT and 2 IGT mutation carriers
demonstrated elevated glucose and insulin levels in an
OGTT similar to the present study (18). Additionally,
there was a non-significant trend toward reduced insulin
sensitivity that was compensated by increased glucose
effectiveness in an IVGTT (18). Insulin secretion defect
has been demonstrated in non-DM m.3243A>G carriers

Insulin
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—e— m.3243A>G cases
—— Controls

C C-peptide D
4000 24

S-c-peptide [pmol/L]
P-lactate [mmoliL]
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Figure 1
(A) Plasma glucose levels (mmol/L) during OGTT.
(B) Serum insulin levels (pmol/L) during OGTT.

0 50 100 150 200 250
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(C) Serum c-peptide levels (pmol/L) during OGTT.
(D) Plasma lactate levels (mmol/L) during OGTT.
M.3243A>G cases are red and controls are blue.

https://ec.bioscientifica.com
https://doi.org/10.1530/EC-19-0118

© 2019 The authors
Published by Bioscientifica Ltd

608

This work is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-19-0118
https://ec.bioscientifica.com

' Endocrine

W CONNECTIONS

Lactate (mmol/L)
1.1+0.4
1.1+£0.3
1.1+04
1.4+04
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262.9+160.3
218.0+143.7

2.1

+|
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m.3243A>G
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431.5+274.8
421.52+316.7
383.89+246.5

6.2+0.9
7.1+£1.5
9.4+2.0
10.22+2.8

Glucose (mmol/L)

o
—

Table 2 Oral glucose tolerance test.

Time (min)
30
50
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0.4

1.5+
1.5+0.3

2791.0+£901.6

8.3+2.3
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with a progressive pattern from subjects with NGT toward
subjects with manifest DM (17). This progression of
failing p-cell function was corroborated by Lindroos and
colleagues (20) in a study of both DM (n=10) and non-DM
(n=5) m.3243A>G carriers. However, these investigators
also demonstrated insulin resistance in muscle and fat
cells (20, 21), suggesting that DM may develop due to
both insulin resistance and impaired insulin secretion.

The above-mentioned studies were conducted in
different study populations with varying proportions of
m.3243A>G subjects with DM, IGT and NGT. In addition,
low statistical power could explain the diverging results.
Our study provides additional evidence for insulin
resistance in the early stages of the development of
mitochondrial diabetes. At a cellular level mitochondrial
dysfunction might be linked to insulin resistance by
increased reactive oxygen species (ROS) production,
especially H,0, (31, 32), and the m.3243A>G mutation is
associated with increased ROS production (33).

Impaired fitness level as observed in mutation
carriers could have independent effects on insulin
sensitivity. Importantly, previous training studies have
not consistently reported a correlation between VO, ..
and insulin mediated glucose disposal (34). The most
important factor determining VO, .. is cardiac output,
which accounts for 70-85% of the inter-individual
difference in VO,,,,, and correlates with height (35, 36).
Skeletal muscle oxidative defects may impair exercise
capacity in patients with mitochondrial myopathy such
as the mt.3243 mutation carriers (13, 37). In addition,
mitochondrial dysfunction may impair the function of the
heart muscle and subsequently contribute to lower cardiac
output mutation carriers (38). In addition, mutation
carriers in our study were shorter than the controls,
which could lead to lower cardiac output due to presumed
smaller heart volume. Accordingly, the difference in
VO,..x could, at least in part, be explained by difference
in height and possibly effects of the m.3243A>G mutation
on skeletal and heart muscle.

The elevated lactate level in the m.3243A>G was an
expected finding and could be a contributing cause of
the insulin resistance as fasting lactate levels have been
shown to be inversely correlated with glucose uptake
in the left ventricle of the heart during an euglycemic
hyperinsulinemic clamp in m.3243A>G carriers (39).

Furthermore, glycolysis and insulin signaling are
suppressed in red fibers of skeletal muscle of rats infused
with lactate during a hyperinsulinemic—euglycemic clamp
(40). Mice studies show that circulating lactate is the
predominant source of fuel for the tricarboxylic acid (TCA)
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87 835

Table 3 Insulin secretion and sensitivity index.

m.3243A>G Controls P value
BIGTT-S, 4.0 (3.0-9.9) 9.5(5.7-11.5) 0.03
BIGTT-AIR-full 8519.7 (6615.9-13885.7) 7184.0 (6921.3-10471.6) 0.41
BIGTT-AIR-0-30-120 1498.8 (1013.4-2147.5) 1561.2 (1207.8-1915.2) 0.59
BIGTT-AIR-0-60-120 1755.1 (1050.0-2456.6) 1682.1 (1103.7-1929.8) 0.65
HOMA-IR 2.2(1.4-4.0) 1.5(1.2-2.1) 0.08
HOMA-B 60.6 (37.1-103.8) 55.5(38.4-71.1) 0.55
Matsuda-S 46+26 57+22 0.14
All (0-30 min) 1.3(1.1-2.1) 1.4(1.2-1.8) 0.45
All (0-180 min) 1.7 (1.4-2.7) 1.8(1.6-2.4) 0.83
All (0-240 min) 1.8(1.1-2.5) 1.6 (1.4-2.1) 0.89
NGT/IGT/DM 8/12/3 18/5/0 <0.01

Mean # s.0.; Median (IQR).

cycle, which means that glycolysis and the TCA cycle are
essentially uncoupled (41). Under normal conditions,
glycolysis consumes nicotinamide adenine dinucleotide
(NAD") and relies on the TCA cycle in the mitochondria
to replenish NAD* (42). Therefore, mitochondrial
dysfunction and elevated lactate may inhibit glycolysis
by elevated lactate and insufficient NAD*, which may
impair glucose uptake and result in insulin resistance.
Furthermore, elevated lactate is associated with increased
gluconeogenesis in both DM and non-DM m.3243A>G
carriers, which adds to the hyperglycemic state (23).

The hyperinsulinemic euglycemic clamp is considered
the gold standard for assessment of insulin sensitivity with
the frequently sampled intravenous glucose tolerance test
(FSIVGTT) as an alternative (43). The participants in the
present study were investigated using the OGTT, which
has been shown to correlate with the FSIVGTT (28).
Contrary to clamp, the OGTT provides a measure of the
insulin response under physiological conditions including
the incretin effect and incorporates both peripheral and
hepatic insulin resistance (43). The OGTT is less resource

Table 4 Regression analysis of insulin sensitivity indices.

demanding than clamp and FSIVGTT, but introduces more
variability due to variation in the absorption of glucose
from the gastrointestinal tract (43). Muscle biopsies were
not collected in the investigation, effectively excluding
the possibility to assess insulin signaling and the degree
of mitochondrial dysfunction at the cellular level.
Furthermore, cases and controls were well matched with
regard to BMI but not height, potentially representing
a limitation as discussed above. While control subjects
and cases reported a similar level of physical activity, the
fitness level was lower in cases.

In conclusion, our results indicate that insulin
resistance is an early defect prior to development of overt
diabetes in m.3243A>G carriers. Furthermore, we found
elevated p-lactate levels during the entire OGTT. Whether
this could aggravate the insulin resistance in m.3243A>G
carriers remains to be determined. Further research
into the underlying intracellular mechanisms causing
insulin resistance in patients with primary mitochondrial
dysfunction is needed and should, if possible, include
larger series and longitudinal studies. Such data could also

Model 1 - coefficient Model 2 - coefficient

Log(BIGTT-S;)
VOZmax (+/_)
Log(BIGTT-AIR-full)
VOZmax (+/_)
Log(BIGTT-AIR-0-30-120)
VOZmax (+/_)
Log(BIGTT-AIR-0-60-120)
VOZmax (+/_)
Log(HOMA-IR)
VOZmax (+/_)
Log(HOMA-p)
VOZmax (+/_)

m.3243A>G (+/-)
m.3243A>G (+/-)
m.3243A>G (+/-)
m.3243A>G (+/-)
m.3243A>G (+/-)

m.3243A>G (+/-)

0.20 0.37°
0.042 0.02
0.04 -0.01
-0.02 —-0.01
0.21 0.25
—-0.01 -0.02
0.03 0.12
-0.00 -0.01
-0.07 -0.14
-0.032 -0.02
0.04 0.09
-0.02 -0.02

Model 1: m.3243A>G status and VO,,,,, as independent variables. Model 2: m.3243A>G status, VO,,,,,, BMI, age and sex as independent variables.

2p<0.05.
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increase the understanding of insulin resistance in type 2
diabetics.
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