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To the Editor: We appreciate the comment from Black and
Bell [1] and agree that whilst the results obtained in animal
models provide valuable insights, they cannot necessarily
be extrapolated to other species [2]. Studies performed in
free-living humans and particularly longer-term interven-
tions generally face the problem of potentially confounding
factors that cannot be adequately controlled for compared
with animal studies. Heterogeneity of subjects is another
problem in human studies. Apart from potential species
differences (even between rodents), this probably further
contributes to diverse findings obtained from studies per-
formed in humans and animals. When investigating molec-
ular pathways in the liver another difficulty arises due to the
potential hazards of performing liver biopsies in humans. As
such, most available data reporting molecular interactions in
the liver are derived from in vitro studies or from animal
studies [2].

A number of studies have reported improved peripheral
and hepatic insulin sensitivity after treatment with peroxi-
some proliferator activator receptor-α (PPARα) agonists in
rodents [3], as well as improved markers of insulin resistance
in humans [4]. In contrast and perhaps counterintuitively,
PPARα null mice are protected from insulin resistance and
develop fasting hypoglycaemia. As correctly stated by Black

and Bell, in human intervention studies peripheral insulin
sensitivity did not improve after treatment with fibrates,
when measured with the euglycaemic–hyperinsulinaemic
clamp technique [5, 6]. Moreover, a recent large study did
not detect any effect of fenofibrate on glucose parameters in
patients with type 2 diabetes [7]. Even though confounding
factors such as significantly increased use of other lipid-
lowering drugs (mainly statins) in the placebo group may
have contributed to this finding, a species-specific effect of
PPARα agonists on glucose metabolism cannot be excluded.

However, activation of PPARα by fibrates showed
improved fasting glucose concentrations in a number of
other intervention studies [8]. Improved fasting glucose
concentrations after fibrate treatment might reflect im-
proved hepatic insulin sensitivity, which cannot be assessed
using euglycaemic–hyperinsulinaemic clamps. Only few
longer-term studies have investigated hepatic glucose
output after fibrate treatment in humans. In a randomised
double-blind controlled study in ten patients with type 2
diabetes no reduction in hepatic glucose output was found
[5], and there was also no effect in a study with 13 non-
diabetic men [6]. In another study in 12 men with type 2
diabetes, gemfibrozil treatment for 3 months significantly
reduced hepatic glucose production in a subgroup of
patients defined on the basis of glycaemia values, but not
in the entire cohort [9]. In contrast, in a recent study in 18
healthy subjects, basal hepatic glucose production showed a
statistically significant improvement of dexamethasone-
induced insulin resistance, when fenofibrate was added to
dexamethasone [10], supporting the hypothesis that PPARα
agonists improve hepatic insulin resistance in humans.

Nevertheless, we agree that larger and longer-term well
controlled intervention studies using stable isotope tech-
niques and liver biopsies are needed to assess effects of any
pharmacological agent on hepatic glucose metabolism in
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humans. Heterogeneity of subjects such as sex-related dif-
ferences, concomitant medication, dietary factors, and the
genetic background need to be taken into account in human
studies.
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