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Modelling continuous data

Gilbert Welch and colleagues
have written an interesting essay

contrasting continuous and categori-
cal approaches to modelling the rela-
tion between exposure and health ef-
fects.1 They suggest that assuming a
continuous relation between exposure
and outcome may produce misleading
results and state that this assumption
“is less the result of a considered de-
cision than a practice born out of
convention and convenience. The
convention is that biologic relations
ought to be smooth. … The conve-
nience is … [in summarizing] the 
relation between multiple levels of ex-
posure and the outcome in a parsimo-
nious manner.”

The authors have not mentioned
one of the more compelling reasons
for using a continuous relation in
modelling: the ability to smooth out
sampling variability among the dis-
crete categories. The data they used
for illustrative purposes are from pop-
ulation-based samples. As such, there
will be sampling variability associated
with each category, which is conven-
tionally presented as 95% confidence
intervals on the outcome in each cate-
gory. The authors have completely
ignored sampling variability; they
have assumed that the observed out-
comes are 100% precise. Had they in-
cluded error bars in their graphs of
outcome data, they would probably
have observed substantial uncertainty
about the point estimates in each of
the categories and would have been
less inclined to state, for example,
that “[in Fig. 1] there is a slight in-
crease in mortality between the mod-
erate and high adherence categories
[for men].” 

A well-conducted regression analysis
using continuous data will include
model checking to confirm that the
model captures the appropriate func-
tional form (e.g., linear v. quadratic)

and is not distorted by outliers. One
must bear in mind, and not be fooled
by, random fluctuations from category
to category. 
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We received no response from Dr. Welch
to our invitation to reply to this letter.

Seasonal variation in birth
weight

Hope Weiler and colleagues noted
that it was difficult to explain

their observation that newborns with
vitamin D deficiency were heavier and
longer and had greater head circumfer-
ences than newborns with adequate vit-
amin.1 However, their findings are con-
sistent with several studies examining
the impact of season of birth on neona-
tal anthropometry.2 For example, our
group found that birth weight, birth
length and head circumference all fluc-
tuated across the seasons, with peak val-
ues in children born during the winter
and spring, when hypovitaminosis D is
most prevalent.3

Vitamin D suppresses cell prolifera-
tion and promotes cell elimination via
apoptosis in a variety of tissues.4 Thus,
its absence in the prenatal period could
lead to inappropriately high cell num-
bers, which could subsequently influ-
ence the size of the offspring. Evidence
from animal experiments indicates that
these mechanisms do have an impact on
fetal growth. For example, the newborn
offspring of normocalcemic rats de-

prived of vitamin D were significantly
heavier than those of control animals
and there were subtle changes in the
shape of their brains.5 Guinea pig fe-
tuses exposed to low levels of vitamin D
had expanded growth plates in their
long bones.6 If similar mechanisms op-
erated in humans, we would predict
precisely what Weiler and colleagues
have found: the newborns of mothers
with hypovitaminosis D should be
heavier (due to increased cell number)
and longer (due to wider growth plates
in the lower limb bones). 
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[Dr. Weiler responds:]

John McGrath and colleagues are
correct that seasonality could be a

factor contributing to the higher birth
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