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2.28) for year 2, 0.43 (0.13 to 1.41) for year 3, 0.46
(0.22 to 0.99) for year 4, 0.52 (0.18 to 1.56) for year
5, and 0.43 (0.16 to 1.16) for year 6. The P value for
the trend of the effect on the risk of colorectal can-
cer over time is 0.34. Thus, there is no evidence that
the effect of the hormone on colorectal cancer
changes over time.

Our original statement that the proportion of
colorectal cancers diagnosed at an advanced stage
was higher in the hormone group than in the place-
bo group is correct. That said, we agree with Dr.
Schürmann and colleagues that a major effect of es-
trogen and progestin on the risk of colorectal can-
cer was a reduction in the absolute number of lo-
calized cancers (hazard ratio for localized cancer,
0.26; 95 percent confidence interval, 0.13 to 0.53).
However, the effect on regional tumors (hazard ra-
tio, 0.76; 95 percent confidence interval, 0.44 to
1.30) and metastatic tumors (hazard ratio, 1.54; 95
percent confidence interval, 0.50 to 4.71) is less

clear. However, as previously stated, even within
the category of regional or metastatic disease, the
cancers in the hormone group were associated
with a greater number of positive nodes than were
the cancers in the placebo group (3.6±4.2 vs.
1.6±2.1 nodes, P=0.012), and the number of
deaths was very similar in the hormone and place-
bo groups (nine and eight, respectively). The biolo-
gy underlining these findings and their clinical im-
plications are unclear.
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Impaired Mitochondrial Activity and Insulin-Resistant Offspring 
of Patients with Type 2 Diabetes

to the editor: Petersen et al. (Feb. 12 issue)1 pro-
vide further evidence that insulin resistance is as-
sociated with a reduction in mitochondrial func-
tion in muscle2 and an increase in lipid content.3

They propose that mitochondrial dysfunction caus-
es lipid accumulation and insulin resistance, but
the relation among these variables is probably more
complex. For example, insulin can increase mito-
chondrial transcript levels, protein synthesis, and
ATP production in healthy people but not in people
with type 2 diabetes.4,5 Thus, one could argue that
insulin signaling is required for maintenance of
muscle mitochondria and that insulin resistance
results in mitochondrial dysfunction, rather than
the reverse.

Furthermore, there is growing evidence that
links among mitochondria, lipids, and insulin re-
sistance are indirect. First, increasing mitochon-
drial capacity by aerobic exercise is not sufficient to
improve insulin sensitivity6; second, endurance-
trained athletes have elevated muscle lipids (and mi-
tochondria) yet excellent insulin sensitivity3; and
third, in mice, an increase in muscle lipids is not
sufficient to lower insulin-stimulated glucose up-
take. Thus, although many interesting associations

have been revealed, there remains much to learn
about the causes and effects of insulin resistance.
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to the editor: Petersen et al. demonstrate that off-
spring of persons with type 2 diabetes have im-
paired mitochondrial activity. In the light of the pos-
sibility that decreased AMP kinase activity, brought
about by decreased adiponectin signaling, is a like-
ly explanation for these findings, it is surprising
that in this study plasma adiponectin concentra-
tions did not differ between offspring and controls.
We and our colleagues1 and others2 have shown
that plasma adiponectin levels in insulin-resistant
offspring of persons with type 2 diabetes are lower
than those in control subjects. Furthermore, the
expression of both isoforms of the adiponectin re-
ceptor (AdipoR1 and AdipoR2) is decreased in the
skeletal muscle of these offspring.1 We proposed
that an impairment in the expression of the adi-
ponectin receptors in combination with reduced
concentrations of plasma adiponectin may reduce
AMP kinase activation by adiponectin,3 thereby re-
ducing fat oxidation within the skeletal muscle of
these offspring. Although Petersen et al. studied
persons who were leaner than those we examined
(a factor that may have had some effect on their ad-
iponectin concentrations), it is important to know
whether these offspring had reduced expression of
adiponectin receptors.
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to the editor: Petersen et al. suggest that a reduc-
tion in fatty acid oxidation in muscle that leads to
intramyocellular lipid accumulation is a primary,
inherited cause of insulin resistance, and they spec-
ulate about the role of peroxisome-proliferator–acti-
vated receptor g coactivator 1 (PGC1). However, a
cause-and-effect relation has not been demonstrat-
ed; only an association between insulin resistance
(and hyperinsulinemia) and a reduction in mito-
chondrial function has been observed. No study
has shown that such abnormalities precede the de-

velopment of insulin resistance; in fact, Jove et al.1

have suggested that an improvement in insulin re-
sistance with a reduction in hyperinsulinemia re-
stores the reduced PGC1 transcript levels seen in
Zucker diabetic fatty rats, suggesting that the pro-
cess is a secondary one. Similarly, ectopic fat accu-
mulation in liver and muscle may be a secondary
process resulting from an increase in de novo lipo-
genesis. Hyperinsulinemia leads to up-regulation
of sterol regulatory element–binding protein 1c
(SREBP1c), a critical transcription factor that regu-
lates the lipogenic genes. Knockout of SREBP1c in
ob/ob mice ameliorates hepatic fat accumulation
but does not alter insulin sensitivity.2 Changes in
mitochondrial function may be important in the
progression of disease but it has yet to be shown
that they are a primary insult.
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to the editor: Petersen et al. conclude that im-
pairment of mitochondrial metabolism precedes
type 2 diabetes. This observation suggests that dis-
eases with defined alterations of mitochondrial me-
tabolism must cause diabetes as well. Friedreich’s
ataxia is an autosomal recessive disorder that re-
sults in impaired oxidative phosphorylation in skel-
etal muscle1 similar to that observed by Petersen et
al. in diabetic persons. Friedreich’s ataxia occurs as
a result of reduced expression of a mitochondrial
protein called frataxin, which has been functional-
ly linked to cellular respiration and ATP replenish-
ment.2 Diabetes frequently develops in patients with
Friedreich’s ataxia,3 and even heterozygous (i.e., un-
affected) carriers of mutations causing Friedreich’s
ataxia have insulin resistance.4 Furthermore, such
mutations have been found in association with
type 2 diabetes.3 Finally, genetic studies indicate
that type 2 diabetes is linked to chromosome 9q13,
the location of the frataxin gene.3 Hence, the inter-
esting findings of Petersen et al. regarding a mito-
chondrial pathogenesis of type 2 diabetes are
strongly supported by metabolic and genetic data
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from studies of a primarily neurodegenerative dis-
ease — Friedreich’s ataxia.
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the authors reply: We agree with Short et al. and
Raubenheimer that our study does not prove a
cause-and-effect relationship between defects in
mitochondrial oxidative-phosphorylation activity
and insulin resistance. However, in contrast to pre-
vious in vitro studies that showed altered expres-
sion of mitochondrial gene expression or mito-
chondrial enzyme activity,1-3 our study revealed
reduced in vivo mitochondrial phosphorylation ac-
tivity in young, healthy, insulin-resistant offspring
of persons with type 2 diabetes who were all lean
and free of any potential confounding factors such
as obesity, diabetes, or use of medications that
might affect mitochondrial gene expression or mi-
tochondrial activity. Furthermore, in contrast to the
subjects in the previous studies, the subjects in our
study were normoglycemic and the groups were
carefully matched for body weight, body-mass in-
dex, and activity. The importance of eliminating
confounding factors that might affect mitochondri-
al activity or biogenesis is reflected by a recent oligo-
nucleotide microarray study that showed down-
regulation of mitochondrial electron-transport
genes in streptozotocin-treated mice and a reversal
of that process with insulin treatment.4

In contrast to the hypothesis proposed by Bajaj

and Mandarino, we do not believe that alterations
in plasma adiponectin concentrations can explain
our findings, since we did not observe any differenc-
es in plasma adiponectin concentrations between
the insulin-resistant offspring and the insulin-sen-
sitive controls. We believe that the differences be-
tween our results and those of Pellme et al.5 can be
attributed to the fact that our subjects were lean
and were matched for body-mass index. In contrast,
the insulin-resistant first-degree relatives studied by
Pellme et al. were significantly heavier than their
age-matched control subjects (body-mass index,
25.8±2.6 vs. 24.6±2.6; P<0.05) and had signifi-
cantly more body fat (19.5±6.1 kg vs. 16.5±6.6 kg,
P<0.03). We are currently in the process of perform-
ing gene-chip microarray studies to assess the
expression of adiponectin receptors and other
hormone receptors in muscle from lean, insulin-
resistant subjects.

Finally, we thank Möhlig et al. for their com-
ments regarding the relation between inherited de-
fects in mitochondrial dysfunction and insulin resis-
tance in patients with Friedreich’s ataxia. These
studies offer further support for our hypothesis re-
garding a potential causative role of mitochondrial
dysfunction in predisposing persons to intracellu-
lar lipid accumulation and insulin resistance.6
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