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ulate that SLCO1BI variants cause a susceptibility
to statin-induced myopathy, but the study by the
SEARCH Collaborative Group shows an unequiv-
ocal association. Since approximately 60% of the
cases of simvastatin-induced myopathy were at-
tributed to variant SLCO1BI, avoiding the admin-
istration of high-dose simvastatin to those who
are homozygous or heterozygous for the variant
allele (about 30% of the population analyzed by
the SEARCH group) could reduce the incidence
of myopathy by nearly 60%. Alternatively, one
might choose to avoid prescribing simvastatin
only to those who are homozygous for the risk
allele (nearly 2% of the population analyzed by
the SEARCH group), which could reduce the in-
cidence of myopathy by 25%, and prescribe a rel-
atively low dose of the drug to patients who are
heterozygous for the risk allele. Further investi-
gation is required to identify the optimal thera-
peutic approach.

The degree of myopathy that occurred in these
two trials was mild and reversible, in stark con-
trast to a form of statin-induced rhabdomyolysis
that involves severe muscle damage accompanied
by toxic effects in other organs such as the kid-
ney. SLCO1BI variants must be tested for an asso-
ciation with this adverse drug reaction as soon
as possible. However, severe adverse drug reac-
tions are very rare, and the incidence of statin-
induced rhabdomyolysis is reported to be as low
as 0.000044 event per person per year.’* Hence, a
global network for the collection of data on per-
sons with statin-induced rhabdomyolysis would
be required to test for the association with a vari-
ant in SLCO1BI. Indeed, a global mechanism for
collecting data on patients with severe adverse
drug reactions would benefit the field of phar-
macogenetics enormously and encourage the de-
velopment of new technologies.'
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Preeclampsia — A Glimpse into the Future?
Ravi Thadhani, M.D., M.P.H., and Caren G. Solomon, M.D., M.P.H.

Preeclampsia, a disorder of pregnancy character-
ized by elevated blood pressure and proteinuria,
complicates approximately 5% of pregnancies.® Al-
though several risk factors for this condition are
well recognized, including nulliparity, extremes
of maternal age, obesity, and preexisting diabetes

or hypertension, the causes of preeclampsia re-
main uncertain; recent studies have suggested that
circulating angiogenic factors, alterations in the
renin—angiotensin system, and insulin resistance
may be involved in pathogenesis.! Despite several
trials examining various interventions,* no strat-
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egy has proved effective in the prevention or treat-
ment of preeclampsia other than delivery of the
fetus. Complications include maternal stroke, re-
nal failure, and placental abruption; offspring of
mothers with preeclampsia are at risk for intra-
uterine growth restriction or death, as well as dis-
orders related to prematurity.

Beyond these immediate complications, how-
ever, there is increasing evidence that the devel-
opment of preeclampsia may be a marker for
maternal disease risks later in life. Physiological
adaptations necessary to support the growing fe-
tus stress several systems; these stresses may re-
sult in expression of a woman’s predisposition to
the development of certain disorders.? Just as ges-
tational diabetes is recognized as a strong predic-
tor of the risk of the later development of diabe-
tes, several reports have suggested that women
with a history of preeclampsia have an increased
risk of later hypertension and associated meta-
bolic disturbances, including higher insulin lev-
els and reduced endothelial function, as compared
with women with uncomplicated pregnancies.>>
Long-term studies have also suggested increased
risks of stroke,> ischemic heart disease,® and type
2 diabetes? later in life among women with a his-
tory of preeclampsia; higher relative risks of is-
chemic heart disease have been reported among
women who have had more severe (as compared
with milder) preeclampsia or recurrent hyper-
tensive pregnancy.® However, reports have been
limited by the uncertain validity of the diagno-
ses of preeclampsia and of the various outcomes,
incomplete adjustment for potential confound-
ers, small samples, and incomplete follow-up.

In this issue of the Journal, Vikse et al. report
that preeclampsia may also portend an increased
risk of future chronic kidney disease.® These in-
vestigators had previously reported that women
with a history of preeclampsia are at increased
risk for having a renal biopsy in the future.X® In
the present study, linking almost four decades of
data from two large Norwegian registries — a na-
tional birth registry and an end-stage renal dis-
ease (ESRD) registry — the investigators identified
a risk of the development of ESRD among women
with a history of previous preeclampsia that was
four times as high as the risk among women who
had uncomplicated pregnancies. There appeared
to be a “dose-response” effect, such that in women
who had more than one pregnancy, recurrent

preeclampsia conferred greater risk than did pre-
eclampsia in only one pregnancy. An observation
that might initially seem counterintuitive was that
women with only one pregnancy who had pre-
eclampsia seemed to be at particularly high risk.
However, a plausible explanation is that women
who had more severe preeclampsia were less like-
ly to become pregnant again than were women
with milder disease, and more severe preeclampsia
may be a marker for a higher risk of subsequent
disease.

The use of linked data from large national reg-
istries is a unique strength of the report and al-
lows for a high rate of follow-up of large numbers
of women, but drawbacks of these data should
be recognized. Although the investigators noted
that a registry diagnosis of preeclampsia implied
that women met standard criteria for the diag-
nosis, the accuracy of coding was not validated.
Random misclassification would be expected to
bias toward the null and would not explain the
findings, but the association between preeclamp-
sia and chronic renal disease could be overesti-
mated if women with preeclampsia had unrec-
ognized chronic hypertension, given the strong
association between hypertension and subsequent
renal disease. It is reassuring that the authors re-
port similar results after the exclusion of women
who had a diagnosis of chronic hypertension be-
fore pregnancy and women who had prepregnan-
cy diagnoses of diabetes mellitus, renal disease,
or rheumatologic disease. However, these condi-
tions may not have been comprehensively record-
ed or even clinically apparent. Information was
not available on body-mass index, and obesity —
a recognized risk factor for both preeclampsia
and ESRD — may have confounded the observed
association. Nonetheless, obesity is unlikely to ex-
plain the entire magnitude of the associations ob-
served.

The report by Vikse et al. adds to the accumu-
lating evidence linking complications of pregnan-
cy with future disease, but these data cannot elu-
cidate the critical question of mechanism. Does
preeclampsia itself cause permanent renal injury?
Do women with a history of preeclampsia in whom
ESRD subsequently develops have a preexisting
primary renal disease'* or underlying risk factors
predisposing to both preeclampsia and ESRD?

Evidence from other studies may help inform
these questions. In case—control and cohort stud-
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ies involving assessments in early or mid-pregnan-
cy, women in whom preeclampsia subsequently
developed have had higher blood pressures (even
within the normal range), higher insulin levels,
and higher cholesterol levels than women who re-
main normotensive, suggesting that derangements
predisposing to hypertension, vascular disease,
and renal disease antedated the preeclampsia.’?
Furthermore, a study involving postpartum renal
biopsies of women who had severe preeclampsia
indicated underlying (previously unrecognized) re-
nal disease in more than 1 in 10 women, most
frequently those with the early onset of preeclamp-
sia (before 30 weeks of gestation).!® At the same
time, it is biologically plausible that long-term re-
nal dysfunction might result from preeclampsia
in some women. The characteristic renal findings
in women with preeclampsia — endotheliosis
(swelling of glomerular endothelial cells) and
marked proteinuria — indicate acute glomerular
damage. A “scar” after such damage might heal
incompletely, or the injury might progress in a
small percentage of subjects, particularly in the
setting of associated hypertension and endothe-
lial dysfunction, to the eventual development of
chronic kidney disease.#

Whatever the basis of the association, the find-
ings of Vikse et al. suggest the potential for early
identification of women at increased risk for
chronic kidney disease, which is itself a strong
risk factor for cardiovascular disease. The number
of patients starting treatment with long-term he-
modialysis each year in the United States exceeds
100,000. Screening for chronic kidney disease by
estimating the glomerular filtration rate and urine
protein excretion represents the first major step.
Improved control of hypertension and diabetes
mellitus (both of which may be particular con-
cerns in women who have had preeclampsia) re-
duces the risk of progression of renal disease.

Although in the current report the relative risk
of the development of ESRD was significantly el-
evated among women with a history of preeclamp-
sia, the good news is that the absolute risk was
quite low. Indeed, the likelihood that chronic re-
nal failure did not develop, even among women
with three previous episodes of preeclampsia, was
greater than 99%. Nevertheless, the accumulation
of data, including those from Vikse et al., sug-
gests that a history of preeclampsia may provide

a glimpse into the future, with attendant oppor-
tunities for reducing the risks of later disease.
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