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SUMMARY
Although obesity is associated with increased mortality rate and short-term weight loss improves risk
factors for mortality, it has not been convincingly shown that weight loss among obese people results in
reduced mortality rate. When considering the human literature, it has been pointed out that weight loss
is often a sign of illness and that investigators therefore need to separate intentional from unintentional
weight loss. It has generally been assumed that among people who state that they do not intend to
lose weight, weight change subsequently observed is unintentional. Among such people, weight loss
has been consistently associated with increased mortality rate. Complementarily, it has generally been
assumed that among people who state that they do intend to lose weight, weight change subsequently
observed is intentional. In these people who are intending to lose weight, some studies show apparent
benets of weight loss, some are neutral, and some show deleterious eects. The overall conclusion
that some reviewers have drawn from this literature is that intentional weight loss (IWL) is at best not
benecial and may even be harmful with respect to mortality rate.
We believe that this conclusion is drawn by inappropriately conating weight loss (or more generally
weight change) among people intending to lose weight with IWL (or change). Herein, under certain
assumptions, we: (1) show that the association between mortality rate and weight loss among people
intending to lose weight and between mortality rate and IWL are two dierent things; (2) show that the
association between IWL and mortality rate is an inherently unobservable entity; (3) derive a method
for estimating the plausible range of true eect of IWL on mortality rate if one is willing to make a
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number of restrictive, but perhaps reasonable assumptions; and (4) illustrate the method by application
to a data set involving middle-age onset calorie restriction in mice. Copyright ? 2005 John Wiley &
Sons, Ltd.
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1. INTRODUCTION
Obesity is associated with increased mortality rate [1] and short-term weight loss improves
risk factors for mortality [2]. However, it has not been convincingly shown that weight loss
among obese people results in reduced mortality rate. On the contrary, most studies show that
weight loss is associated with increased mortality rate [3]. This issue becomes ever more acute
as the prevalence of obesity continues to rise [4, 5]. The nding that weight loss is associated
with increased mortality rate could be taken to imply, somewhat counter-intuitively, that public
health eorts focused on encouraging obese people to improve their health by losing weight
could actually lead to decreased lifespan.
Similarly, although caloric restriction (CR) results in dramatically lower body weight and
prolongs life in multiple species [6], research is equivocal on the eect of body weight per
se on rodent longevity [7, 8]. Moreover, as in humans, under some circumstances, weight loss
appears to be associated with increased mortality rate [9].
Despite the common observation that weight loss in humans is often associated with increased mortality rate, questions have been raised about the validity or meaning of this nding
[10, 11]. In particular, since weight loss is often a sign of illness, it has been pointed out that
investigators need to separate intentional weight loss (IWL) from unintentional weight loss
(UWL [12–14]). Among people who express no intention to lose weight, it has generally
been assumed that all weight loss subsequently observed is unintentional. Complementarily, among people who state that they do intend to lose weight, it has generally been assumed that all weight loss subsequently observed is intentional, that is, due solely to their
intention.
Investigators have studied the association between weight change in these two groups separately (e.g. References [15–22]). Among people who are not intending to lose weight, weight
loss has been consistently associated with increased mortality rate. Among people who are
intending to lose weight, some studies show apparent benets of weight loss (e.g. Reference
[17]), some are neutral (e.g. Reference [15]), and some show deleterious eects (e.g. Reference [20]). The overall conclusion that some reviewers have drawn from this literature is that
IWL is at best not benecial and may even be harmful with respect to mortality rate (e.g.
Reference [23]).
We believe that this conclusion is drawn by inappropriately conating weight loss (or more
generally weight change) among people intending to lose weight with IWL (or change). More
specically, we feel that it is unlikely that any study can truly measure IWL per se. Rather,
the data that are collected represent the total weight loss among those intending to lose weight
and may represent both IWL and UWL. Herein, under certain assumptions, we: (1) show that
the association between mortality rate and weight loss among people intending to lose weight
and between mortality rate and IWL are two dierent things; (2) show that the association
between IWL and mortality rate is an inherently unobservable entity; (3) derive a method for
Copyright ? 2005 John Wiley & Sons, Ltd.
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estimating the plausible range of true eect of IWL on mortality rate if one is willing to make
a number of restrictive, but perhaps reasonable assumptions; and (4) illustrate the method by
application to a data set involving middle-age onset CR in mice. The methods described in
this paper are developed precisely for this situation and allow researchers to obtain a better
understanding of the true relationship between mortality and IWL (which cannot be measured)
based on the relationship between mortality rate and observed weight loss among those who
do and do not intend to lose weight (which can be measured).

2. THE ASSOCIATION BETWEEN MORTALITY RATE AND IWL IS NOT THE
SAME AS THE ASSOCIATION BETWEEN MORTALITY RATE AND WEIGHT LOSS
AMONG THOSE INTENDING TO LOSE WEIGHT
Some people intend to lose weight. Some people do not. Similarly, in animal experiments,
some animals are intentionally assigned to conditions that the experimenter expects will produce weight loss (e.g. CR) and others are not. In each situation we will refer to the cases
assigned as ‘subjects’, those in the former conditions as in the intentional condition, and those
in the latter condition as in the unintentional condition. We wish to estimate the eect of IWL,
i.e. that part of weight loss that is attributable to being in the intentional condition, on an
outcome such as lifespan or mortality rate.
Assume that N subjects are observed until the time of death. Denote the time until death (or
some monotonic transformation thereof) as Y. Let X be an indicator variable where X = 0
for subjects not intending to lose weight and X = 1 for subjects intending to lose weight.
Denote the weight lost due to a subject’s or experimenter’s intention as Z (Z = IWL; by
denition, X = 0 implies Z = 0) and the weight lost due to factors other than the intention as
W (W = UWL).
Denote the model describing the inuences on lifespan as
Y = 0 + 1 W + 2 ZX + 3 X + e

(1)

where W, X, Y, and Z are as described above, e is a random error term with mean zero and
2
, Z is distributed with mean Z
variance e2 , W is distributed with mean W and variance W
and variance Z2 and 0 ; 1 ; 2 and 3 are constants. Finally, we adopt the usual assumption
that Cov(e; W ) = Cov(e; Z) = 0.
The 1 parameter captures the eect of UWL on Y. This model assumes that both the
variation of UWL and the slope of the eect of UWL is the same regardless of whether or
not a subject intends to lose weight (i.e. homogeneity of variance for UWL in the two groups
and there is no X by W interaction). Of course, both of these assumptions can be questioned,
but they are reasonable assumptions to begin with. The 2 parameter captures the eect of
IWL on Y. Note that the model assumes an interaction between Z and X due to the fact that,
by denition, no IWL will occur in the group not intending to lose weight. The 3 parameter
allows for the fact that there may be some eect of intending to lose weight per se (or more
likely the actions or conditions that follow from such intention) as some data suggest [16].
We will return to this point later.
This leads to two separate but intricately related models among those who do and do not
intend to lose weight:
Copyright ? 2005 John Wiley & Sons, Ltd.
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For those not intending to lose weight (X = 0):
Y = 0 + 1 W + e

(2)

For those intending to lose weight (X = 1):
Y = (0 + 3 ) + 1 W + 2 Z + e

(3)

However, in practice we are only able to observe total weight loss (V). Since we cannot
assume that the simple intent to lose weight removes all factors contributing to UWL, the
total observed weight loss consists of the sum of IWL and UWL, i.e. V ≡ W + Z. Hence, the
model that we can actually t in the two groups separately is given by
Y =  0 + 1 V + e

(4)

Since no IWL is expected in the group not intending to lose weight (i.e. X = 0 implies Z = 0),
it follows that V = W . Hence, W also represents the total weight loss in this subset and tting
the regression in equation (4) is equivalent to tting the regression equation:
Y =  0 + 1 W + e

(5)

Hence, it is easily seen that E(ˆ1 ) = 1 and E(ˆ0 ) = 0 . However, when X = 1, suppose we
t the regression equation:
Y =  0 + 1 V + e

(6)

Denote the correlation of W and Z as W; Z and note that
2
V2 |X =1 ≡ V2 |1 = W
+ Z2 + 2W; Z W Z

(7)

2
+ 2 Z2 + (1 + 2 )W; Z W Z
V;Y |X =1 = 1 W

(8)

Therefore,
E(ˆ1 ) = 1 =
=

V;Y |X = 1
V2 |X = 1

2
 1 W
+ 2 Z2 + (1 + 2 )W; Z W Z
2 + 2 + 2
W
W; Z W Z
Z

= 2 +

2
(1 − 2 )(W
+ W; Z W Z )
2
2
W + Z + 2W; Z W Z

(9)

2
This shows that E(ˆ1 ) = 2 (and hence estimates the true eect of IWL) only when W
=0
or 1 = 2 , both of which can be seen to be untrue on the basis of empirical observations.
2
= 0 among people who intend to lose weight is tantamount to
Specically, assuming W
assuming that the mere intention to lose weight eliminates all variation in UWL. And the fact
that observed associations of weight loss with mortality rate are so dierent in subjects who
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do and do not intent to lose weight [16] strongly implies that 1 = 2 . Thus, estimating 1
by regressing the outcome on total weight change among subjects intending to lose weight is
decidedly not equivalent to estimating 2 , the eect of IWL.

3. THE ASSOCIATION BETWEEN MORTALITY RATE AND IWL IS INHERENTLY
UNOBSERVABLE
Solving equation (9) for the parameter of interest, 2 , yields:
2 =
=

2
2
1 (W
+ Z2 + 2W; Z W Z ) − 1 (W
+ W; Z W Z )
2
Z + W; Z W Z
2
1 V2 |1 − 1 (W
+ W; Z W Z )

(10)

Z2 + W; Z W Z

In the previous section, we demonstrated that an unbiased estimate of 2 cannot be obtained
directly. However, if we had estimates of all of the terms on the right side of equation (10)
we could substitute them into the equation and obtain an estimate of 2 . Note that estimates
of 1 and 1 may be obtained from the separate regression equations for those intending and
2
,
not intending to lose weight as described above. Thus, we require estimates of V2 |X =1 , W
2
2
W , W; Z , and Z in order to estimate 2 .

2
3.1. Estimating V2 |X =1 and W

A reasonable estimate of V2 |X =1 may be obtained by calculating the sample variance of
observed weight change among those subjects intending to lose weight, i.e. with X = 1. Furthermore, under the assumption that the variance of unintentional weight change is the same
2
may be estimated by the sample of observed weight change among
regardless of intention, W
subjects not intending to lose weight, i.e. with X = 0.

3.2. Estimating W; Z and Z2
Finally, we can express W; Z as
W; Z =

2
− Z2
V2 |X =1 − W
2W Z

(11)

However, we are left with one equation and two unknowns (W; Z , Z2 ) and we are aware of
no way to obtain another equation that is not linearly dependent and is a function of only
these two unknowns. Thus, we are aware of no way to directly solve for W; Z and Z2 .
Copyright ? 2005 John Wiley & Sons, Ltd.
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4. A METHOD FOR ESTIMATING THE PLAUSIBLE RANGE OF THE EFFECT OF
IWL ON MORTALITY RATE
By combining equation (10) with the constraints that |W; Z |61 and Z2 ¿0 (ignoring the trivial
case when Z2 = 0), we can impose boundaries on possible values of W; Z and Z2 .‡ Thus, we
can describe the range of pairs of possible values for W; Z and Z2 and examine the estimates
of 2 that would be obtained by plugging these pairs of values and the sample estimates of
2
2
v|X
=1 , w , 1 , and 1 described above into equation (10):
ˆ2 =

ˆ1 ˆ2V |1 − ˆ1 (ˆ2W + w; z ˆW Z )
Z2 + w; z ˆW Z

(12)

An additional mechanism for reducing the plausible range of estimates for 2 is to consider
the partial correlation of Y and Z, controlling for W:
Y; Z|W = 

Y; Z − Y; W Z; W
(1 − 2Y; W )(1 − 2Z; W )

(13)

We have already considered a range of values for W;Z . Hence, in order to estimate the partial
correlation coecient, we need to come up with reasonable estimates of Y; Z and Y; W . This
can be done based on the following relationships:
Y; Z =
Y; W

Y; Z
2 Z + 1 WZ W
=
Y Z
Y

Y; W
1 W + 2 WZ Z
=
=
Y W
Y

(14)

From the raw data, we can compute ˆ2Y . We have previously discussed how to estimate all
of the other parameters involved in the above expressions.
Since |Y; Z|W |61, combinations of parameters that lead to values outside of this range are
likely due to a non-Grammian covariance matrix and hence indicate impossible sets of values.
In matrix terminology, a Grammian matrix is ‘a symmetric square matrix whose eigenvalues
are all greater than or equal to zero’.§ To elaborate, covariance matrices should be positive
denite. To understand why, consider the fact that there is a direct relationship between
covariance matrices and correlation matrices. There are bounds on the elements of each.
For instance, the diagonal elements of a covariance matrix represent the variance for each
entry and hence must be positive. Similarly, the o-diagonal elements of a correlation matrix
represent pairwise correlations and must lie between −1 and +1. Population covariance and/or
correlation matrices which do not satisfy this property are impossible. Hence, this substantially
reduces the plausible range for pairs of values of W; Z and Z2 , since pairs which do not lead
to Grammian covariance matrices can be removed from further consideration.
‡ Note that if additional covariates are available especially in longitudinal designs, it may be possible to place tighter
boundaries around the possible values of W; Z by using methods elaborated by Gadbury and Iyer [24].
§ http://www.siu.edu/∼epse1/pohlmann/factglos/
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Figure 1. Estimates of the possible eects of IWL (2 ) on the lifespan (in months) of mice based on
data from Reference [25].

5. AN EXAMPLE
We illustrate our approach with an example drawn from the eld of rodent CR studies where
animals are typically followed until all are dead and high quality control can be achieved
[25]. This study involved two strains (B10C3F1 and C57Bl/6J) of male mice studied to see
the inuence of CR started in early middle age on longevity and disease patterns. We herein
consider the data obtained for the B10C3F1 strain. In brief, 135 mice were fed ad libitum
until 12 months of age at which point they were randomized, individually housed, and provided an intake of either an amount sucient to maintain body weight (control—unintentional
condition; C = 160 kcal=mouse=wk) or an intake of 90 kcal (restricted—intentional condition;
R). To avoid malnutrition, the mice consumed a diet enriched in content of protein, vitamins
and minerals so that the intakes of these dietary essentials were matched between groups. All
animals were observed until death (i.e. there was no right censoring).
From the time of the last pre-randomization weight measurement (12 months of age) to
23 months of age, the R animals steadily lost weight, with a mean weight loss of 14:1 g
(SD = 5:20). In contrast, C animals gained an average of 0:45 g (SD = 4:79). We regressed
lifespan measured in months on weight change scaled in 5 g units (approximately 1 SD)
and obtained estimates of 1 and 1 equal to 0.546 and −2:144, respectively. Thus, as in
humans, UWL was associated with reduced lifespan (i.e. each 5 g of UWL was estimated
to decrease lifespan roughly 2.1 months) and IWL was associated with a small increase in
lifespan (roughly 0.5 months/5 g). We tested models in which baseline weight (weight at
month 12), the interaction of baseline weight with weight loss, and weight loss squared were
included, but none were close to signicant and were therefore dropped from the models. The
sample variance of weight loss scaled in 5 g units for the two groups were
ˆ2V |1 = (5:20=5)2 = 1:08

and

ˆ2W = (4:79=5)2 = 0:92

(15)

Using the four estimates obtained from these models and the estimation approach described
above to examine pairs of values for W; Z and Z2 , we produced Figure 1.
As can be seen in Figure 1, the plausible eect of a 5 g IWL in these mice is −0:5–8
months. However, unless one posits that W; Z ¡ − 0:60, the estimate of 2 remains larger
than the estimate of 1 . Using the partial correlation to check for non-Grammian covariance
matrices eliminated many possible values. Specically, this suggests that there almost has to
be a negative correlation between the amounts of IWL versus UWL. Only four situations with
Copyright ? 2005 John Wiley & Sons, Ltd.
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a positive correlation between IWL and UWL satised this check. However, these four values
appear to be outliers since they suggest an implausible increase of 30 months in lifespan (a
near doubling of lifespan) associated with IWL. To summarize, Figure 1 demonstrates that
despite the modest increase in lifespan seen in CR animals in the intentional condition (i.e.
approximately 0.5 months), the true eect of a 5 g IWL could be substantially larger and
biologically quite meaningful. Moreover, although the range of estimates of 2 is very large,
as the value of W; Z chosen decreases, the estimate of 2 decreases, but the estimated variance
of Z increases in a complementary fashion such that the overall impact of IWL may remain
large when expressed in terms of a per cent variance metric.

6. POSSIBLE FUTURE EXTENSIONS
6.1. Utilizing the information in the intercepts
Given the assumptions and equations above, it can be shown that 0 = 0 , which implies:
0 = 0 + (1 − 1 )W + (2 − 1 )Z + 3

(16)

Thus, if we t the regression equation
Y = 0 + 1 V + 2 X + 3 XV + e

(17)

it can be shown that
2 = 0 − 0
= 3 + (1 − 1 )W + (2 − 1 )Z


2
2
(1 − 2 )(W
+ W; Z W Z )
(1 − 2 )(W
+ W; Z W Z )
= 3 + 1 − 2 −
W −
Z
2
2
2
2
W + Z + 2W; Z W Z
W + Z + 2W; Z W Z




2
W
+ W; Z W Z
= 3 + (1 − 2 ) W −
(
+

)
(18)
W
Z
2 + 2 + 2
W
W; Z W Z
Z
Hence, the coecient 2 estimated for the eect of the intention to lose weight (either directly
or through the behaviours subsequently enacted) per se (that is, after controlling for the eect
of weight loss) when tting the model Y = 0 + 1 V + 2 X + 3 XV + e is not equivalent to
the true eect of the intention to lose weight, 3 , but rather is 3 plus a bias term that is, in
part, a function of the mean and variance of UWL. This implies that the apparently benecial
eect of the mere intention to lose weight identied by Gregg et al. [16] may be due not so
much to the intention to lose weight, but rather to dierential eects of IWL and UWL and
the presence of both among people who intend to lose weight.
6.2. Categorical and time-to-event data
Most studies of weight loss and mortality in human subjects do not follow all subjects until
the time of death. Thus, data are typically analysed using either logistic regression, Cox
Copyright ? 2005 John Wiley & Sons, Ltd.
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proportional hazards regression, or some other form of survival analysis. Therefore, in the
future, it will be useful to extend this approach from ordinary least squares (OLS) regression to
logistic or Cox regression. However, doing so may require assumptions about the distribution
of the predictor variables involved whereas the OLS approach used herein involved only the
rst and second moments of the distributions and required no other assumptions for estimation,
although OLS testing and condence interval construction may require distribution assumptions
or reliance on asymptotic properties.
Nevertheless, the formulae derived here may still be applicable to many cases. Although it
is true that most human mortality studies do not follow all subjects until the time of death, as
the ‘age’ of many large epidemiologic studies increases, there are beginning to be substantial
data sets that have body weight and related variables and include a large proportion of subjects
that are dead at present or will be so in the very near future. An illustrative listing of such
studies is included in Table 1.
As these and similar studies with long histories progress, it may become appropriate to
revert from Cox regression to OLS regression when studying eects on mortality in humans.

6.3. Including covariates
The formulae presented herein involved no covariates beyond those specied in equation (1).
In most real studies of humans, multiple covariates such as age, sex, and smoking status are
included. Thus, extending these models to allow for additional covariates would be useful. This
could likely be achieved by utilizing R2 values obtained from nested models. The parameters
of interest would then be the eects of IWL and UWL after adjustment for all other covariates.
This should be an important area of future research for extending these results.

6.4. Narrowing and dening the plausible range of 2
As can be seen in Figure 1, the possible range of 2 can be very large. The plausible range
may be quite smaller. One way to narrow the range of plausible values is to narrow the
plausible range W; Z . It may be possible to use the methods described by Gadbury and Iyer
[24] to accomplish this, but that is a topic for future research. If the uncertainty of W; Z can
be reduced suciently, it would then be important to quantify the uncertainty in 2 due to
random sampling variability by deriving a standard error estimator for the estimate of 2 .

6.5. Relaxing the assumption of homogenous slopes and variances for eect of UWL
We acknowledge that our assumption that the slope and variance of the eect of UWL is the
same for subjects who do and do not intend to lose weight may be unlikely. However, the
assumption allows us to describe a method that attempts to examine the ‘true’ relationship
between IWL and mortality. Moreover, it seems far more likely than the current alternative
which is to assume that all weight change among people who profess an intention to lose
weight is indeed intentional. Future research is needed to examine this relationship when the
distribution of UWL diers according to intent.
Copyright ? 2005 John Wiley & Sons, Ltd.

Statist. Med. 2005; 24:941–954

Copyright ? 2005 John Wiley & Sons, Ltd.

[33]

[34]

Terman’s Lifecycle Study of
children with high ability

[32]

Bangor Longitudinal Study of
Ageing

Amherst College Study

Self-reported

¿500 000

[31]

Cancer Prevention Study I

1428

∼2500

Yes

No

Yes

Yes

217 men

[30]

Minnesota Heart Study (Twin
Cities Prospective Study)

597

Yes

∼3000

[29]

The Gothenburg Study

Yes

∼7000 men

[28]

Seven Countries Study

Yes

[27]

Honolulu Heart Program Study

Yes

¿3000

8006 men

[26]

Reference

Framingham Heart Study

Study name

Repeated
measures of
weight

subjects born
in or before
1913

Number of

No

No

No

Yes, only at baseline

No

No

No

No

No

Was
intentionality
measured?

Adults aged 28–62 at entry in 1948–1952.
Biannual examinations. As of 1999, there
were 993 surviving participants
American men of Japanese ancestry born in
1900–1919 and living on Oahu in 1965. Examined on 5 occasions through 1996
Initiated in 1958, a cohort of 12 467 healthy
men aged 40–59 from 7 countries (Finland,
Italy, Greece, Japan, The Netherlands, United
States, Yugoslavia) periodically followed
Four birth cohorts of 70 year olds born in
1901–1922 in Gothenburg, Sweden followed
periodically from 1971–1992
Men aged 45–55 at entry in 1948 were reexamined yearly to 1975 and followed up
through 1983
Approximately 1 million adults enrolled in
1959 and 1960. Eight follow-up questionnaires through 1972
Adults in rural Wales aged 65–99 in 1978.
Re-examined 6 times and followed through
1999
Amherst College students in years 1861–
1900. Height and weight at age 20 linked
to mortality that covered a follow-up period
extending to 1949
‘Bright’ children (IQ ∼135) aged 10–12 residing in California at entry in 1921. Restudied at 5–10 year intervals for 70 years
(through 1991)

Comments

Table I. Selected human studies of mortality and body weight.
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7. DISCUSSION
The method developed herein has broad applicability. First, in humans, observational epidemiology studies are frequently used to assess associations between risk factors and outcomes.
In the long run, consideration of changes in body composition, including body fat, may be
more important than consideration of changes in body weight [3, 11, 35–39]. Perhaps most
directly relevant is Reference [36] which provided evidence that the loss of body fat conditional on change in body weight was associated with reduced mortality rate, whereas loss of
body weight conditional on change in body fat was associated with increased mortality rate.
Following this, we have opined extensively that body composition rather than merely body
weight should be examined in future studies and data collection that will allow such analyses
are underway in several ongoing studies. However, at the present time, very few (if any)
longitudinal studies have high-quality body composition measurements at multiple points in
time on suciently large numbers of subjects to produce meaningful results with respect to
mortality rate. For this reason, weight change will likely remain ‘the coin of the realm’ in
this area of inquiry for the near future and, hence, we have chosen to focus on weight in this
paper.
However, studies have been conducted that could examine the dierential eects of intentional and unintentional body composition changes on other outcomes of interest (e.g.
[40, 41]). Therefore, it is noteworthy that the method we have developed can be applied to
examine the dierential eects of intentional change in any variable (Z) versus unintentional
change in that variable (W) on any other variable (Y), where only the combined change
(Z+W) is actually observed. In fact, because our method is currently fully developed for
situations in which Y is observed without censoring, it is well suited to situations as in
Reference [40] or [41] in which body composition changes are examined for their putative
eects on changes on other continuous variables that are measurable in the short-term such
as cardiorespiratory tness.
It might be tempting to think that this does not apply to randomized clinical trials (RCTs)
and that, in fact, rather than modelling IWL as a latent variable, we should just conduct RCTs.
It is, in part, because of the obvious need to clarify the knowledge regarding the relationship
between IWL and mortality rate underlying these recommendations that the NIH invested in
the LOOK AHEAD trial, an RCT of the eects of weight loss on hard endpoints [42]. It is well
established that the ideal way to denitively eliminate confounders is to randomize subjects
to levels of the independent variable under study. However, in practice, it is not possible to
randomize people to dierent degrees of weight loss [11]. As Yanovski et al. [43] stated in
a report of a working group that paved the way for the ongoing national LOOK AHEAD
Trial, ‘Subjects in an RCT could not be randomly assigned to lose or not lose weight; they
could only be randomly assigned to receive or not receive interventions that might result in
weight loss. These interventions, however, might well produce changes in health status that are
not due to weight loss. Promotion and maintenance of weight loss through increased physical
activity, reduced saturated fat intake, and consumption of large amounts of fruit and vegetables
are examples of such interventions. It may appear that one could never infer that weight loss
itself caused the changes in health status. However, if participants in an RCT were randomly
assigned to several interventions that produce weight loss through dierent mechanisms and
these interventions yielded similar improvements in health status, then the conclusion that
weight loss was responsible for the improvements in health outcomes may be justied.’
Copyright ? 2005 John Wiley & Sons, Ltd.
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The point of this quotation is clear. Although randomization is generally considered the
sin qua non of the true experiment and potentially oers the strongest causal inferences
of any available study design, the inferential validity of the RCT refers to the eects of
the independent variable to which subjects are assigned [44]. Subjects can be assigned to
treatments that produce, on average, particular degrees of weight loss but because: (a) the
treatments themselves may have eects beyond the weight loss per se and; (b) within any one
treatment condition, there will be uncontrolled variability in weight change, some of which
may be due to unintentional factors, RCTs cannot be counted upon to yield unbiased estimates
of the eect of IWL. This is not to be dismissive of the enormous value of RCTs in this
area. Denitively testing whether treatments that produce weight loss have benecial eects is
important in and of itself. The point is that such RCTs will not fully address questions about
the eects of IWL. Therefore, even in RCTs, the amounts of IWL are still unobservable and
may be confounded to some extent. Appropriate statistical methods are needed for RCT’s in
which the eects of post-randomization weight change are estimated and the approach oered
herein can be considered a rst generation of such methods.
Finally, the method we propose can also, as we have shown, be applied to animal CR
experiments. Animal experiments are usually randomized and are essentially just RCTs in
model organisms. Thus, our comments about the applicability of our method to RCTs apply
equally to animal studies.
As mentioned by Yang et al. [11], a more critical variable than whether weight loss is
intentional or unintentional may be what more proximal factors produced the weight loss
following an intention or lack thereof. People try to lose weight through a wide variety of
methods [45], some of which, such as increasing cigarette smoking [46], may have profound
deleterious eects on mortality rate. On the other hand, people may lose weight by adopting
a more healthy lifestyle without having any intention of losing weight. These proximal causes
of weight change may have independent eects on mortality rate and may also moderate the
eects of the weight change they produce. Therefore, in addition to trying to separate the
eects of IWL from UWL, future studies might benet from modelling the putative main
eects of the proximal causes of weight loss on mortality rate and the interactions of these
proximal causes with subsequent weight change with respect to inuencing mortality rate.

ACKNOWLEDGEMENTS

This work was supported in part by NIH grants R01DK054298, P01AG011915 and P30DK056336.

REFERENCES
1. Allison DB, Fontaine KR, Manson J, Stevens J, Van Itallie TB. How many deaths are attributable to obesity
in the United States. Journal of the American Medical Association 1999; 282(16):1530 –1538.
2. Weinsier RL. Etiology, complications, and treatment of obesity. A clinician’s guide. The Alabama Journal of
Medical Sciences 1987; 24(4):435 – 442.
3. Fontaine KR, Allison DB. Does intentional weight loss aect mortality rate? Eating Behaviors: An International
Journal 2001; 2:87 –95.
4. Lewis CE, Jacobs Jr DR, McCreath H, Kiefe CI, Schreiner PJ, Smith DE, Williams OD. Weight gain continues in
the 1990s: 10-year trends in weight and overweight from the CARDIA study. Coronary artery risk development
in young adults. American Journal of Epidemiology 2000; 151(12):1172 –1181.
5. Flegal KM, Carroll MD, Ogden CL, Johnson CL. Prevalence and trends in obesity among US adults, 1999–2000.
Journal of the American Medical Association 2002; 288(14):1723 –1727.
Copyright ? 2005 John Wiley & Sons, Ltd.

Statist. Med. 2005; 24:941–954

EFFECTS OF INTENTIONAL WEIGHT LOSS

953

6. Wanagat J, Allison DB, Weindruch R. Caloric intake and aging: mechanisms in rodents and a study in nonhuman
primates. Toxicological Sciences 1999; 52(2 Suppl.):35 – 40.
7. Stunkard AJ. Nutrition, aging, and obesity: a critical review of a complex relationship. International Journal
of Obesity 1983; 7(3):201– 220.
8. Weindruch R, Naylor PH, Goldstein AL, Walford RL. Inuences of aging and dietary restriction on serum
thymosin alpha 1 levels in mice. Journal of Gerontology 1988; 43:B40 – B42.
9. Goodrick CL. Body weight change over the life span and longevity for C57BL/6J mice and mutations which
dier in maximal body weight. Gerontology 1977; 23(6):405 – 413.
10. Kuller LH. Invited Commentary on Prospective Study of Intentionality of Weight Loss and Mortality in Older
Women: the Iowa Women’s Health Study and Prospective Study of Intentional Weight Loss and Mortality in
Overweight White Men Aged 40–64 Years. American Journal of Epidemiology 1999; 149(6):515 –516.
11. Yang D, Fontaine KR, Wang C, Allison DB. Weight loss causes increased mortality: cons. Obesity Reviews
2003; 4(1):9 –16.
12. Sorensen TI. Weight loss causes increased mortality: pros. Obesity Reviews 2003; 4(1):3 –7.
13. Williamson DF. Lingering Questions about intentional weight loss. Nutrition 1996; 12:819 – 820.
14. Williamson DF. Intentional weight loss: patterns in the general population and its association with morbidity
and mortality. International Journal of Obesity and Related Metabolic Disorders 1997; 21(Suppl.):S14–S19.
15. French SA, Folsom AR, Jeery RW, Williamson DF. Prospective study of intentionality of weight loss and
mortality in older women: the Iowa Women’s Health Study. American Journal of Epidemiology 1999; 149(6):
504 –514.
16. Gregg EW, Gerzo RB, Thompson TJ, Williamson DF. Intentional weight loss and death in overweight and
obese U.S. adults 35 years of age and older. Annals of Internal Medicine 2003; 138(5):383 –389.
17. Williamson DF, Pamuk E, Thun M, Flanders D, Byers T, Heath C. Prospective study of intentional weight
loss and mortality in never-smoking overweight US white women aged 40–64 years. American Journal of
Epidemiology 1995; 141(12):1128 –1141.
18. Williamson DF, Pamuk E, Thun M, Flanders D, Byers T, Heath C. Prospective study of intentional weight
loss and mortality in overweight white men aged 40–64 years. American Journal of Epidemiology 1999;
149(6):491–503.
19. Williamson DF, Thompson TJ, Thun M, Flanders D, Pamuk E, Byers T. Intentional weight loss and mortality
among overweight individuals with diabetes. Diabetes Care 2000; 23(10):1499 –1504.
20. Kaprio J, Korkeila M, Rissanen A, Srensen TIA. Intentional weight loss and long term mortality in overweight
subjects. The 9th International Congress on Obesity, Sao Paulo, Brazil, 2002.
21. Wedick NM, Barrett-Connor E, Knoke JD, Wingard DL. The relationship between weight loss and all-cause
mortality in older men and women with and without diabetes mellitus: the Rancho Bernardo Study. Journal of
the American Geriatric Society 2002; 50(11):1810–1815.
22. Yaari S, Goldbourt U. Voluntary and involuntary weight loss: associations with long term mortality in 9,228
middle-aged and elderly men. American Journal of Epidemiology 1998; 148(6):546 –555.
23. Gaesser GA. Thinness and weight loss: benecial or detrimental to longevity? Medicine and Science in Sports
and Exercise 1999; 31(8):1118 –1128.
24. Gadbury GL, Iyer HK. Unit-treatment interaction and its practical consequences. Biometrics 2000; 56(3):
882– 885.
25. Weindruch R, Walford RL. Dietary restriction in mice beginning at 1 year of age: eects on lifespan and
spontaneous cancer incidence. Science 1982; 215:1415 –1418.
26. Dawber TR, Meadors GF, Moore FE. Epidemiologic approaches to heart disease: the Framingham study.
American Journal of Public Health 1951; 14:1723 –1727.
27. Worth RM, Kagan A. Ascertainment of men of Japanese ancestry in Hawaii through World War II Selective
Service Registration. Journal of Chronic Diseases 1970; 23:389 –397.
28. Keys A, Aravanis C, Blackburn HW, Van Buchem FSP, Buzina R, Djordjevic BS, Dontas AS, Fidanza
F, Karvonen MJ, Kimura N, Lekos D, Monti M, Puddu V, Taylor HL. Epidemiologic studies related to
coronary heart disease: characteristics of men aged 40–59 in seven countries. Acta Medica Scandinavica 1967;
460(Suppl.):1–392.
29. Heitmann BL, Erikson H, Ellsinger BM, Mikkelsen KL, Larsson B. Mortality associated with body fat, fat-free
mass and body mass index among 60-year-old Swedish men—a 22-year follow-Up. The study of men born in
1913. International Journal of Obesity and Related Metabolic Disorders 2000; 24(1):33 –37.
30. Keys A. Longevity of man: relative weight and fatness in middle age. Annals of Medicine 1989; 21(3):
163 –168.
31. Hammond EC. A new epidemiological study of cancer. Arizona Medicine 1959; 16:756 –757.
32. Wenger GC. Adapting to old age in rural Britain. International Journal of Aging and Human Development
1984; 19(4):287– 299.
33. Murray JE. Standards of the present for people of the past: height, weight, and mortality among men of Amherst
college, 1834 –1949. The Journal of Economic History 1997; 57(3):585 – 606.
Copyright ? 2005 John Wiley & Sons, Ltd.

Statist. Med. 2005; 24:941–954

954

C. S. COFFEY ET AL.

34. Friedman HS, Tucker JS, Schwartz JE, Tomlinson-Keasey C, Martin LR, Wingard DL, Criqui MH. Psychosocial
and behavioral predictors of longevity. The aging and death of the ‘Termites’. American Psychologist 1995;
50(2):69 –78.
35. Allison DB, Faith MS, Heo M, Kotler DP. A hypothesis concerning the U-shaped relationship between BMI
and mortality. American Journal of Epidemiology 1997; 146:339 –349.
36. Allison DB, Zannolli R, Faith MS, Heo M, Pietrobelli A, Van Itallie TB, Pi-Sunyer FX, Heymseld SB.
Weight loss increases and fat loss decreases all-cause mortality rate: results from two independent cohort studies.
International Journal of Obesity 1999; 23:603 – 611.
37. Allison DB, Zhu S, Plankey M, Faith MS, Heo M. Dierential associations of body mass index and adiposity
with all-cause mortality among men in the First and Second National Health and Nutrition Examination Surveys
(NHANES I & NHANES II) Follow-up Studies. International Journal of Obesity 2002; 26:410 – 416.
38. Fontaine KR, Allison DB. Obesity & mortality rates. In Handbook of Obesity (2nd edn) Bouchard C, James
WPT, Bray GA (eds). Marcel Dekker, Inc.: New York, 2004.
39. Zhu S, Heo M, Plankey M, Faith MS, Allison DB. Associations of body mass index and anthropometric
indicators of fat mass and fat free mass with all-cause mortality among women in the First and Second
National Health and Nutrition Examination Surveys (NHANES I & NHANES II) Follow-Up Studies. Annals
of Epidemiology 2003; 13:286 – 293.
40. Ross R, Dagnone D, Jones PJ, Smith H, Paddags A, Hudson R, Janssen I. Reduction in obesity and related
comorbid conditions after diet-induced weight loss or exercise-induced weight loss in men. A randomized,
controlled trial. Annals of Internal Medicine 2000; 133(2):92–103.
41. Hunter GR, Wetzstein CJ, McLaerty Jr CL, Zuckerman PA, Landers KA, Bamman MM. High-resistance
versus variable-resistance training in older adults. Medicine and Science in Sports and Exercise 2001; 33(10):
1759 –1764.
42. Kelley DE. Action for health in diabetes: the look AHEAD clinical trial. Current Diabetes Reports 2002; 2:
207 – 209.
43. Yanovski SZ, Bain RP, Williamson DF. Report of a National Institutes of Health—centers for disease control
and prevention workshop on the feasibility of conducting a randomized clinical trial to estimate the long-term
eects of intentional weight loss in obese persons. American Journal of Clinical Nutrition 1999; 69:366 –372.
44. Little RJ, Rubin DB. Causal eects in clinical and epidemiological studies via potential outcomes: concepts and
analytical approaches. Annual Review of Public Health 2000; 21:121–145.
45. Neumark-Sztainer D, Sherwood NE, French SA, Jeery RW. Weight control behaviors among adult men and
women: cause for concern? Obesity Research 1999; 7(2):179 –188.
46. Tomeo CA, Field AE, Berkey CS, Colditz GA, Frazier AL. Weight concerns, weight control behaviors, and
smoking cessation. Pediatrics 1999; 104:918 – 924.

Copyright ? 2005 John Wiley & Sons, Ltd.

Statist. Med. 2005; 24:941–954

