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observational studies of drugs and mortality

Randomized controlled trials 
of therapies for the primary 

and secondary prevention of car-
diovascular disease increasingly 
are powered to study overall mor-
tality. The interventions frequently 
treat asymptomatic risk factors 
among high-risk patients and have 
a diverse spectrum of potential ad-
verse effects. Thus, medications 
such as clofibrate or encainide that 
successfully alter surrogate end 
points but increase the rate of 
death are of little clinical interest. 
Many believe that a new preventive 
therapy for cardiovascular disease 
should be used sparingly, if at all, 
until clinical trials establish equiv-
alence or even superiority to exist-
ing treatments in terms of mortal-
ity from all causes.

When randomized, controlled 
trials, for a variety of reasons, fail 
to provide data on overall mortal-
ity, should epidemiologic studies 
step into the breach? An obser-
vational post-marketing study by 
Wang et al. in this issue of the 
Journal (pages 2335–2341) com-
pares conventional and atypical 
antipsychotic medications and 
shows that the former are asso-
ciated with a 37 percent increased 
risk of death. Such data on mor-
tality from all causes will be of 
keen interest to patients and their 
physicians. However, there are for-
midable challenges involved in 
conducting studies of mortality 
that are clinically relevant and 
scientifically accurate.

A finding of an increased rate 
of death from any cause is always 
important. However, those who 
design and fund studies should 
consider whether negative results 
would be of similar scientific in-

terest. That is, is death from any 
cause plausibly a sensitive indi-
cator of the risks and benefits 
associated with a given medica-
tion? Mortality is always pertinent 
with regard to medications (such 
as lipid-lowering agents) used to 
treat asymptomatic patients, be-
cause the only benefit is preven-
tion of future disease. For medi-
cations that have a broad spectrum 
of potentially serious side effects 
or that are used to treat patients 
at high risk of disease, overall 
mortality is an excellent integrat-
ed measure of overall benefit in 
comparison with risk.

However, an exclusive focus on 
mortality may obscure important 
effects of medication,1 particu-
larly when study findings are neg-
ative. For example, in the treat-
ment of gastroesophageal reflux 
disease with proton-pump inhibi-
tors, it probably would make little 
sense to base decisions about 
therapy and policy on negative re-
sults with regard to overall mor-
tality in studies comparing these 
inhibitors with antacids. Among 
typical patients, the baseline mor-
tality risk would be too low to 
provide adequate power, and even 
in high-risk populations, the fur-
ther loss of power and potential 
bias introduced by deaths unaf-
fected by these drugs would 
conceal medication effects. Fur-
thermore, an analysis of overall 
mortality may contribute little to 
the elucidation of a biologic ba-
sis for a given drug effect. Rec-
ognizing that overall mortality 
often does not tell the full story, 
the investigators involved in indi-
vidual clinical trials almost always 
report other primary end points.

In a randomized, controlled 
trial, study treatments are initi-
ated at or after the beginning of 
follow-up. This approach has two 
important advantages. First, it 
ensures the identification of ad-
verse events that occur early in 
therapy, which is often a period 
of increased risk.2 For example, 
in comparisons of medical and 
surgical therapies, follow-up is 
begun before surgery to account 
for perioperative events. Second, 
prognostic factors can be mea-
sured before they are influenced 
by the treatments. Observational 
studies can emulate this charac-
teristic of randomized, controlled 
trials with the inclusion of new 
user designs,2 which synchro-
nize the beginning of follow-up 
with the start of drug use.

Like randomized, controlled tri-
als that study mortality, observa-
tional studies usually require very 
large sample sizes. Thus, most 
post-marketing studies use data 
that are already available, such as 
those that are obtained from auto-
mated administrative databases 
or those from multipurpose stud-
ies. Among the minimum require-
ments for the use of such data-
bases are a defined population for 
which entries and exits are tracked, 
information about the occurrence 
and date of death (and, ideally, the 
cause), data regarding potential 
prognostic factors (i.e., confound-
ers) that may differ among the 
study groups, and ongoing qual-
ity control and validation of cru-
cial elements of the data.

The database must include in-
formation that permits the track-
ing of drug use on a day-by-day 
basis. The capacity to define the 
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point at which medication use be-
gins is essential. Many drug ef-
fects can occur only when the 
patient is using the drug, and 
thus both the database and the 
analysis must account for medi-
cation exposure that changes with 
time. For this reason, cohort stud-
ies that collect information on an 
annual basis (or even less fre-
quently) often are not suitable for 
post-marketing studies. For case–
control studies, which are often 
recommended for rare events, 
obtaining accurate, unbiased in-
formation about medication used 
by persons who have since died 
and by those in comparable con-
trol groups is challenging.

Controlling for confounding 
variables is particularly difficult 
in studies involving overall mor-
tality. Effects of medication on 
overall death rates may be small, 
because most drugs are unlikely 
to affect all causes of death equal-
ly. For example, coxibs may in-
crease the risk of death from car-
diovascular causes but decrease 
the risk associated with colorec-
tal cancer. Yet it is precisely in 
the study of small effects that 
the influence of confounding is 
most difficult to rule out.

Illnesses that precede death 
may alter drug use and intro-
duce confounding. For example, 
patients with life-threatening  dis-
eases often receive hypnotic ther-
apy, which could lead to a non-
causal positive association of such 
treatments with overall mortality. 
Conversely, the use of nonsteroi-
dal antiinflammatory drugs may 
be avoided in patients with seri-
ous illnesses, leading to a nega-
tive association.3

To avoid this confounding, one 
might consider emulating the in-
tention-to-treat analysis of a ran-
domized, controlled trial. Follow-
up would begin at a defined point 

in the patient’s clinical course, 
and drug exposure would be de-
termined at this time and remain 
fixed throughout follow-up. How-
ever, unlike randomized, controlled 
trials, observational studies pro-
vide no incentives for patients to 
continue initial therapy. Fixed-
exposure studies thus are likely to 
have substantial misclassification 
of data regarding exposure, as pa-
tients stop and start medications. 
This misclassification will obscure 
the true effects of medication and 
exaggerate the relative effect of 
residual confounding by baseline 
differences, such as drug indica-
tion and related factors, between 
drug users and nonusers.

A serious error in fixed-expo-
sure studies is the determination 
of drug exposure after follow-up 
has begun. For example, some 
investigations of the effects on 
mortality of inhaled corticoste-
roids among patients with chronic 
obstructive pulmonary disease 
initiated follow-up at the time of 
hospital discharge but classified 
patients as drug users if they 
started therapy at any time in the 
subsequent 90 days. As Suissa 
notes,4 this approach gives drug 
users “immortal” person-time 
(i.e., from hospital discharge to 
start of drug) and thus substan-
tially overestimates the benefi-
cial effects of corticosteroids on 
the rate of death.

Death is affected by both the 
occurrence of disease and the pa-
tient’s capacity to withstand the 
consequences of disease. The lat-
ter is influenced by a host of fac-
tors that are potentially difficult 
to measure. For example, the care 
given to patients who receive new 
medications may be better (or 
worse) than that for patients who 
receive older therapy, and this 
may affect mortality. The poten-
tial influence of these factors is 

illustrated by an analysis of data 
from trials in patients with car-
diovascular disease demonstrat-
ing that among patients assigned 
to placebo, death rates are lower 
among those who adhere to ther-
apy. Many believe that this “healthy 
drug user” effect accounts for at 
least some of the discrepancies 
between randomized and nonran-
domized studies involving hor-
mone-replacement therapy and vi-
tamin supplements.

Studies comparing drugs that 
have similar indications may pro-
vide the best defense against con-
founding. However, even in such 
a case, patients will be assigned 
to therapies for reasons that are 
difficult to measure (“channel-
ing”). The meticulous measure-
ment of all factors plausibly re-
lated to prognosis is essential. 
One of the criteria for causality 
in epidemiologic studies is spec-
ificity of effect, because a change 
of similar magnitude in multi-
ple end points is consistent with 
channeling and other biases. 
When possible, the study of in-
dividual causes of death or other, 
more specific end points is de-
sirable.1

The relative effectiveness and 
long-term safety, including effects 
on mortality, of many widely used 
medications are poorly under-
stood. Randomized trials would 
provide the most reliable data; 
however, in the absence of ma-
terial reform of the system for 
the approval of new drugs, there 
is little incentive to conduct such 
trials.5 Nonrandomized studies 
can provide valuable informa-
tion, as does the thoughtful study 
by Wang and colleagues. Howev-
er, observational studies of over-
all mortality are particularly sus-
ceptible to numerous biases and 
thus must be conducted with ex-
treme care.

observational studies of drugs and mortality
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Politically Correct Human Embryonic Stem Cells?
Davor Solter, M.D., Ph.D.

Human embryonic stem cells 
are currently viewed as a very 

promising basis for regenerative 
medicine of the future. However, 
to be eligible for federal funding 
in the United States, researchers 
must work with federally approved 
human embryonic stem-cell lines 
— that is, the few lines derived 
before August 2001. There is a con-
certed effort and hope among sci-
entists and legislators that feder-
al funding could be extended to 
cover as yet nonexistent embry-
onic stem-cell lines if such lines 
could be derived without destroy-
ing a viable human embryo. The 
authors of two recent studies1,2 

have suggested that such lines can 

be derived either from one cell of 
a cleaving embryo, leaving the re-
maining embryo to develop nor-
mally, or from an “embryo” that 
is rendered genetically incapable 
of normal development.

Chung et al.1 derived mouse 
embryonic stem-cell lines from 
single blastomeres of embryos at 
the eight-cell stage and transferred 
the remaining seven-cell embryos 
into surrogate mothers, in which 
they developed into normal mice. 
They argue that the same proce-
dure (single-blastomere biopsy) 
could be applied to human em-
bryos obtained by in vitro fertil-
ization (IVF), thus allowing the 
derivation of an embryonic stem-

cell line concomitant with the nor-
mal development of the embryo 
from which the cell line origi-
nated (see Figure 1). 

Though theoretically possible, 
the procedure poses consider-
able problems that make its use 
unlikely in humans. Infertile cou-
ples resorting to IVF are unlikely 
to accept the additional risk im-
posed by both embryo biopsy (re-
duced probability of success) and 
the probable need to freeze the 
embryo while the embryonic stem 
cells are being obtained. It has 
been argued that the additional 
risk to the embryo will be balanced 
by the benefit of having geneti-
cally compatible embryonic stem 
cells in case of therapeutic need. 
This benefit can be realized only 
if the derivation of embryonic stem 
cells is successful; thus, all em-
bryos that have undergone biopsy 
would have to be frozen until the 
results of embryonic stem-cell der-
ivation are known. Institutional 
review boards would also be un-
likely to approve this addition to 
standard IVF protocols, given the 
risk involved. For the procedure 
to be morally and politically jus-
tified, every embryo from which 
embryonic stem cells are derived 
must be given the chance to de-
velop. How is this to be guaran-
teed, and who will act as the em-
bryo recipient if, for example, 10 
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Figure 1. Derivation of Mouse Embryonic Stem Cells from an Eight-Cell Embryo.

Lanza and colleagues1 recently described the derivation of embryonic stem-cell lines 
from single cells (blastomeres) removed from eight-cell mouse embryos. The resultant 
seven-cell embryos, when implanted into pseudopregnant females, developed into appar-
ently normal, live-born mice at a rate of efficiency similar to that achieved with eight-
cell embryos.
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