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The prevalence of obesity in the western world is dramatically rising, with many of
these individuals requiring therapeutic intervention for a variety of disease states.
Despite the growing prevalence of obesity there is a paucity of information describing
how doses should be adjusted, or indeed whether they need to be adjusted, in the
clinical setting. This review is aimed at identifying which descriptors of body size
provide the most information about the relationship between dose and concentration
in the obese. The size descriptors, weight, lean body weight, ideal body weight, body
surface area, body mass index, fat-free mass, percent ideal body weight, adjusted
body weight and predicted normal body weight were considered as potential size
descriptors. We conducted an extensive review of the literature to identify studies
that have assessed the quantitative relationship between the parameters clearance
(CL) and volume of distribution (V) and these descriptors of body size. Surprisingly
few studies have addressed the relationship between obesity and CL or V in a
quantitative manner. Despite the lack of studies there were consistent findings: (i)
most studies found total body weight to be the best descriptor of V. A further analysis
of the studies that have addressed V found that total body weight or another
descriptor that incorporated fat mass was the preferred descriptor for drugs that have
high lipophilicity; (i) in contrast, CL was best described by lean body mass and no
apparent relationship between lipophilicity or clearance mechanism and preference
for body size descriptor was found. In conclusion, no single descriptor described the
influence of body size on both CL and V equally well. For drugs that are dosed
chronically, and therefore CL is of primary concern, dosing for obese patients should
not be based on their total weight. If a weight-based dose individualization is required
then we would suggest that chronic drug dosing in the obese subject should be based
on lean body weight, at least until a more robust size descriptor becomes available.

Background

It has been suggested that the level of obesity in western
countries is reaching epidemic proportions, with the
USA, UK and Australia recording a prevalence in adults
of around 20% [1]. Accompanying the increasing prev-
alence of obesity is a corresponding increase in the
occurrence of chronic disease states such as depression,
hypertension, dyslipidaemia, diabetes, cardiovascular
disease, osteoarthritis and some cancers [2—4]. The cur-
rent definition of obesity according to the World Health
Organization (WHO) [5] is a body mass index

© 2004 Blackwell Publishing Ltd

(BMI) = 30 kg m™?, discussed further under Body mass
index.

In a pharmacological sense, obesity presents a chal-
lenging role for clinicians, as the effects of altered body
composition on the time course of drug response are
poorly understood. There are some data describing gen-
eral physiological or pathophysiological changes asso-
ciated with obesity [6]. Although not the focus of this
review, limited evidence has shown that glomerular fil-
tration rate (GFR) and renal perfusion appear similar in
obese and normal weight individuals [7, 8]. In contrast
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to renal function, changes in metabolic processes have
been poorly characterized, which may be due to large
interindividual variability in enzyme activity irrespective
of body composition. At the least it could be predicted
that for those drugs that are hydrophilic and extensively
renally cleared, clearance would depend upon creatinine
clearance. The question of how to best calculate creati-
nine clearance (CLcR) in the obese, using for instance
the Cockcroft and Gault equation [9], remains to be
determined; however, empirical evidence for gentamicin
[10] demonstrated that CLcy is best calculated using
ideal body weight. Overall, there is a deficit of informa-
tion on the influence of obesity on pharmacokinetics and
pharmacodynamics, primarily as most drug-dosing data
have resulted from clinical studies performed in groups
that rarely included patients with obesity. With the grow-
ing number of obese patients requiring drug dosing, this
knowledge deficit may have significant ramifications
when interpreting the relationship between dose and
outcomes or risk of toxicity. Current methods to dose
individualize drugs for the obese patient are based on
some measure of the patient’s size, such as total body
weight or body surface area, and assume that the struc-
tural and functional aspects of the body are similar in
the obese and non-obese population. Although this
assumption is likely to be beneficial for ‘normal weight’
patients of varying size, it is unlikely that this assump-
tion is true for scaling to the obese population since
excess weight does not arise from similar proportions of
adipose tissue and lean body mass [11].

Several pharmacokinetic studies have been conducted
in the obese population to overcome this information
deficit, which have been reviewed by Cheymol in 1993
[12] and 2000 [13]. This manuscript has included those
studies reviewed by Cheymol (and more recent studies
of a similar nature), to identify any commonality in the
preference for a size descriptor that helps explain vari-
ability in pharmacokinetic parameters in the obese pop-
ulation. We initially consider why and how the various
size descriptors evolved (see Description of size), which
is followed by a summary of the methodology employed
in pharmacokinetic studies that have addressed size
descriptors for obesity (Methods used to assess the
impact of obesity). We then provide a summary of the
quantitative pharmacokinetic studies performed in obe-
sity (Influential size descriptors), followed by overall
conclusions.

Description of size

Drug dosing, based on mass, e.g. total body weight
(TBW), is a common method of dose individualization.
A dose recommendation per kilogram on the drug label
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is often assumed to be TBW, and rarely is an alternative
weight descriptor explicitly defined. There are, however,
many other weight and size descriptors presented in the
pharmacokinetic literature, such as: BMI, body surface
area (BSA), ideal body weight (IBW), fat-free mass
(FEM), lean body weight (LBW), adjusted body weight
(ABW), percent of ideal body weight (%IBW) and pre-
dicted normal weight (PNWT). Allometric scaling of the
normalized size descriptor with the exponent equal to
0.75 has also been used for cross species scaling. Since
this metric requires the selection of an appropriate size
descriptor (from those listed above), its potential merits
will not be the focus of this review. The equations used
to compute these size descriptors and the demographics
of the patients used in their derivation are shown in
Table 1, and are discussed in the chronological order
that they appeared in the literature. However, before
reviewing these descriptors it seems useful to make
some comment on the a priori expectation of a suitable
size descriptor. Based on biological grounds and trans-
portability, we would expect that a body size descriptor
would incorporate: age, height, weight, sex and race
either directly or indirectly as a covariate. In addition,
these covariates should be combined in a manner that
does not introduce mathematical inconsistencies at
extremes of the covariate, thereby allowing the descrip-
tor to be internally robust and suitable for a wide range
of covariate combinations.

Body mass index

BMI or ‘Quetelet’s Index’ was initially reported by
Quetelet in 1869 [14]. It was intuitively recognized that
body size should be related to weight and height, and
Quetelet initially thought that body volume would ide-
ally be related to height cubed (HT?). This concept was
explored further in 1972, when various relationships of
TBW to HT, HT? and HT" were assessed to identify that
which seemed preferable to describe the incidence of
coronary heart disease in men. The result was the ratio
of TBW to HT? (Quetelet’s Index), which was subse-
quently renamed ‘body mass index’ (BMI) [15]. BMI is
now the international metric recommended to classify
obesity [5], with overweight defined as a BMI =25-
29.9 kg m™, and obesity as a BMI > 30 kg m™. Obesity
is further classified as moderate (BMI = 30.0-34.9 kg
m?), severe (BMI=35-39.9 kg m™) or morbid (BMI
> 40 kg m™%). BMI increases with TBW, but cannot dif-
ferentiate adipose tissue from muscle mass. It is not
therefore useful for assessment of those with a larger
than average muscle mass compared with fat, and its
role as a dosing scalar is limited as patients with a large
muscle mass would receive the same dose as patients
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Table 1

Size descriptors used in pharmacokinetic studies

Subject demographics from where size

descriptor derived
Weight — kg

Height — m

Size descriptor Formula mean + SD (range) mean * SD (range)
Body mass index (BMI), Males = 7426 [15
kg m= TBW/HT (m)? 69.5 + 10.5* 1.69 + 0.062*

Body surface area (BSA),

Male / females = 43 [17]

m? TBW®4% x HT (cm)®’?* x 0.007184 524 + 185 1.61 £ 0.204
(6.27 - 93.0) (0.782 — 1.87)
Mostellers adaption = ~[(HT (cm) x TBW)/3600] [19]
Ideal body weight (IBW), Males [26
ke Tables dependent on frame size and height (295 = 156) (147 =201
Females [26
(29.5 — 156) (137 = 1.91)
Devines estimation =
45.4 +0.89 x (HT (cm) — 152.4) + 4.5 (if male) [28]
Fat-free mass (FFM), kg Males = 24 [36
0.285 x TBW + 12.1 x HT 2 f | 80.5 + 220 1.72 %007
LEI X IR () e 161 (435 — 126) (157 - 1.86)
Females = 104 [36
0.287 x TBW + 9.74 x HT 2 for fi | 1.7 £ 19.5 1.63 £0.07
eOIx AT ) T STl (42.3 - 133.5) (1.44 - 1.79)
Lean body weight (LBW), Males = 89
kg 68.0 + 9.86
(472 - 92.3) [49]
71.8 £ 17.1
1.1 Xx TBW — 0.0128 x BMI x TBW for males (364 - 122) [30] NR
68.0

1.07 x TBW — 0.0148 x BMI x TBW for females

(570 - 81.2) [50]

Females = 44
547 +7.12
(45.4 — 62.4) [49]

64.7 £235
(32.3 - 108) [30]
570

(44.4 - 68.3) [50]

NR

Adjusted body weight
(ABW), kg

IBW + CF x (TBW — IBW)
CF = correction factor of 0.4

Males = 24, females = 24
Gentamicin
Obese = 138.3 + 15.2
Normal =73.2 £ 75

Amikacin
Obese = 151.1 + 17.2 NR
Normal =71.0 £ 8.5

Tobramycin
Obese = 147.3 + 16.3

Normal =72.4 £ 4.2

Percent IBW (%IBW), %

TBW %100 or TBW —IBW

IBW

x 100

N/A [42]
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Table 1
Continued

Size descriptor Formula

Subject demographics from where size

descriptor derived
Weight — kg
mean + SD (range)

Height - m
mean + SD (range)

Predicted normal weight
(PNWT), kg

1.75 x TBW — 0.0242 x BMI x TBW — 12.6 for females

1.57 x TBW — 0.0183 x BMI x TBW — 10.5 for males

Males = 1226 [10
727 £11.9 1.72 £ 788
(36.0 — 112) (1.47 - 1.96)
Females = 1121 [10]
61.8 £ 9.77 1.62 £ 6.83
(252 - 95.0) (137 - 182)

TBW = total body weight (kg), HT = height.
NA = not applicable, NR = not reported.

*Mean of pooled mean weights / heights / SD from the 12 recruitment centres.

with a large fat mass. Due to the different compositions
of these tissues [16], it is likely that obese patients need
dose individualization based on some alternative metric
that accounts for varying proportions of muscle to fat.
It should also be noted that BMI is not gender specific,
was not derived from women and its predictive value for
morbidity has not been evaluated in women.

Body surface area

BSA was initially developed by Du Bois et al. in 1916
[17]. It was a more refined and precise estimate of BSA
from that previously estimated by Meeh [18], and was
used within respiratory and metabolism experiments in
obese patients. The formula was derived based on the
assumption that HT, TBW and some constant (C) were
related to BSA. Combinations of these known variables
were then regressed against the ‘true’ BSA, which was
identified from a series of anatomical measurements.
Additional constants in the exponent were then
determined by graphical interpolation. The result was
the equation: BSA = TBW*** x HT"™* x 0.007184.
Table 1 shows the demographics and unit values of the
covariates used in the development of BSA, with few
subjects enrolled in the study considered obese based on
today’s standards. Table 1 also shows the refined version
of BSA presented by Mosteller [19]. Whilst this simpli-
fication is slightly less accurate [19], it has been widely
used in clinical practice to dose chemotherapeutic
agents, and is probably considered the ‘gold standard’
metric for dosing such drugs [20]. Other methods for
computing BSA presented in the literature have not been
considered as accurate [21], and have seldom been used
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in pharmacokinetic (PK) studies. BSA does seem a bio-
logically plausible size descriptor as it considers height
and weight in its derivation. Unfortunately, it does not
consider sex, and is therefore less likely to be a useful
dosing scalar for the obese individual (in clinical prac-
tice many drug doses are capped to a value of
BSA =2 m?®) [20].

Ideal body weight

IBW was a size descriptor derived from insurance data
collected by the Metropolitan Life Insurance Company
of New York. It represents a large quantity of evidence
that relates size to mortality, and was first presented in
the literature in 1942 [22] and 1943 [23] for women
and men, respectively. This was updated in 1959 [24]
and 1960 [25] from data obtained during the Build and
Blood Pressure Study [26]. This study included over 4.5
million people; however, ideal weights for height were
derived on a subset of 360 000 life insurance policy
holders. The value of IBW from these tables is unrelated
to TBW, and is an estimate of weight corrected for sex,
height and frame size. Equations to approximate these
tables (excluding frame size) have been presented by
Blackburn in 1977 [27], although the previous empirical
estimate of IBW by Devine in 1974 [28] is the most
common reference cited in the PK literature. It appears
that the formula presented by Devine was unrelated
to the Metropolitan Life Insurance Company data,
although it does share some similarities. As IBW was
developed for purposes unrelated to pharmacokinetics,
extrapolation of its use as a dosing scalar is of question-
able merit, especially considering all patients of the
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same height would receive the same dose. This does not
seem biologically plausible, as TBW would seem to add
further knowledge about the size of an individual over
height alone.

Fat-free mass

FFM was a size descriptor derived by Rathbun and Pace
in 1945, as an experimental validation of previous pos-
tulated relationships between weight and fat mass [29].
The metric was derived in guinea pigs, where the live
weight and eviscerated wet and dry weights were used
to determine the total fat mass of the animal. Human
measures have subsequently been suggested, and have
been derived from HT and TBW [30], skinfold thickness
[31], density testing (underwater weighing) [31, 32] and
total body potassium [32]. Many other estimates of FFM
have used bioelectrical impedance analysis (BIA) in
combination with height, TBW and sex [33-35]. The
regressed FFM equations presented by Garrow and
Webster [36] have been used to ascertain the impact of
obesity on the pharmacokinetics of glibenclamide [37].
These equations were developed to ascertain how well
BMI correlated with fat mass, which was individually
estimated as the mean fat mass identified from skinfold
thickness, density and total body potassium testing. It
should be noted that this descriptor has desirable prop-
erties as a dosing scalar, as it depends upon sex, TBW
and HT.

Lean body weight

Fractional fat mass (FMg,.) was initially computed by
TP Eddy to describe the increasing prevalence of obe-
sity in the UK. This metric was incorporated into a
1976 report by James for the Department of Health and
Social Security Medical Research Council [38]. It has
subsequently been re-arranged to LBW, where lean
body weight is equal to TBW minus the product of
FM;,. and weight [13, 39]. The original purpose of
FM;,. was to relate patient size to epidemiological
trends in morbidity and mortality, although it has since
been adopted as a metric to help describe variability
between subjects in their pharmacokinetic parameter
values. It should be noted that subjects used in the der-
ivation of FMy,. weighed considerably less than those
considered obese today [40], which has lead to some
inconsistencies in the calculation of LBW at extremes
of WT and HT [40]. Nevertheless, LBW is a potentially
useful predictor of the PK behaviour of drugs that are
highly water soluble. It is of interest that the original
coefficient value for males of 1.28 x 10* reported by
James [38] has been commonly misquoted as 1.20 X
10* in other publications [13, 39], where x is dependent
on units.

Adjusted body weight

ABW was the first size descriptor specifically developed
for use in pharmacokinetic experiments, and was pre-
sented in 1983 as part of a noncompartmental analysis
of aminoglycoside dosing [41]. The descriptor was
derived as a tool to normalize V, where some proportion
(termed a correction factor) of excess weight above IBW
was added to IBW. The mean correction factor (CF) was
estimated at 0.45 for gentamicin, 0.37 for tobramycin
and 0.42 for amikacin [41]. Because of the variability
in the constant CF, it would seem prudent to estimate a
population value on a case by case basis. ABW does
however, seem a plausible size descriptor as it considers
sex, TBW and HT.

Percent ideal body weight

Percent ideal body weight is a metric designed to quan-
titatively describe TBW as a percentage of IBW [42]. It
was developed to present data on obesity trends, and has
been modified, by some, to the ratio of the difference
between total and ideal body weight to ideal body
weight [43]. For this review %IBW has been considered
as the ratio of TBW to IBW (shown in Table 1).

Predicted normal weight

Predicted normal weight (PNWT) is a new size descrip-
tor derived in 2003 [10], specifically to overcome some
of the limitations associated with the alternative size
descriptors. It was derived to better describe the phar-
macokinetics of drugs (rather than for prediction of
patient morbidity) and represents the expected normal
weight of an obese individual as the sum of their lean
body mass and their predicted ‘normal’ fat mass
(excluding excess fat mass). Since this descriptor
includes LBW in its derivation it shares the potential for
similar mathematical inconsistencies as with LBW.
Nevertheless, it has appropriate properties to be useful
in PK studies as it considers sex, TBW and HT.

Methods used to assess the impact of obesity on
PK parameters

There are essentially three methods that have been used
in the PK literature to assess the influence of various
size descriptors in the obese patient. These are:

1 Comparison of parameter estimates (e.g. CL)
between an obese and a non-obese control
population.

2 Regression of individual parameter values against a
size descriptor.

3 Incorporation of the size descriptor into a population
PK analysis.

Br J Clin Pharmacol | 582 | 123
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Method 1 has traditionally been favoured by kineti-
cists, presumably due to the numerical ease of analysing
the data. The choice of the descriptor used to determine
obesity will typically be the size descriptor found to be
predictive of a change in the parameter value — which is
circular. Either the investigators have to try all descrip-
tors to find the metric that provides a statistically signif-
icant relationship (which would seem unjustifiable due
to multiplicity in a statistical sense and inconsistent with
biological principles) or to choose a descriptor a priori.
In either case, this method will not allow identification
of the best size descriptor, and at best will provide infor-
mation on the quantal difference in the typical value of
a parameter in normal vs. the obese population. It is not
possible to determine a quantitative and therefore pre-
dictive relationship between the size descriptor and the
PK parameter value, and this method is therefore suit-
able for hypothesis testing only. For these reasons, it is
not considered further in this review unless as an accom-
paniment with methods 2 or 3.

Method 2 is more informative than method 1, as it
attempts to quantify the relationship between the param-
eter value and a given size descriptor, the idea being to
assess the relationship between pairs of parameter-
weight descriptor values taken from many individuals
simultaneously. The assumption inherent in this process
is that all parameter values for all individuals are known
to the same level of accuracy, which for an unbalanced
PK study design is an unlikely and possibly inappropri-
ate assumption. A further limitation of this method lies
in the marginal analysis of the parameter—covariate rela-
tionship, which excludes interactions between the cova-
riate—parameter relationship and other parameters in the
PK model. Nevertheless, this method is widely used and
is a valuable tool both in its own right and when used
in conjunction with a fully population method (e.g. per-
haps within a generalized additive modelling framework
or using the Wald’s approximation method) [44, 45].
However, it is unfortunately common that results of such
studies are published without reporting the coefficient
estimates of the regression relationship, in these cases
typically describing only the degree of association
between covariate and parameter values as R’. This
makes it impossible to understand the quantitative
nature of the relationship, and indeed even the direction
of the association, which means that the reporting of the
analysis holds no predictive potential. In these circum-
stances it is not possible to identify the likely clinical
impact of the association, since it is not possible to
determine the likely change in parameter value over a
reasonable range of the covariate. Despite the potential
limitation of the reporting of this method we have
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included those studies that have reported regression
relationships in the absence of publishing the coefficient
parameter values, since it does add to the understanding
of what was found to be the ‘best’ size descriptor of
those size descriptors that were studied.

Method 3 is the most formal assessment of the rela-
tionship between various size descriptors and the
parameter values. It is currently the least commonly
used technique in this regard, which is at least in part
due to the complexity of the analysis techniques and the
need for specialized software. In this method, the cova-
riates are explicitly combined within the structural phar-
macokinetic model, by way of a user-defined regression
relationship and the data analysed within the framework
of a nonlinear mixed effects model. This allows the
mean population parameter values as well as the ran-
dom between-subject variability and residual variability
to be quantified. Following the addition of an influential
covariate there should be evidence of both a statistically
significant fall in the objective function and also a
reduction in the unexplained random variability in the
dependent parameter. For example, addition of weight
as a covariate on clearance should reduce the unex-
plained between-subject variability in clearance in the
study population, since some of that variability will be
explained by variability in the weight of the partici-
pants. The influence of the covariate should also be
based on both the clinical significance and the biologi-
cal plausibility of the relationship. The benefits of this
approach lie in the predictive performance of the model
for both interpolating PK responses that were not
explicitly studied as well as predicting PK responses
that arise from situations that exceed the scope of the
original study (although care should be taken in this
latter scenario). The interested reader is referred to
Mandema [45], Wade [46] and Whalby [47, 48] for
reviews and considerations when building covariate
models in population analysis.

Influential size descriptors on PK parameters

This review has sought to identify which size descriptors
seem the most important when describing variability in
the pharmacokinetic parameters CL and V. Only studies
that used methods 2 and 3 have been considered, unless
further analysis was possible based on original data pre-
sented in the manuscript. Studies that included obese
subjects alone without ‘normal’ weighted subjects were
also excluded.

Studies were identified in the medical and pharma-
ceutical literature from the databases MEDLINE,
EMBASE and IPA. These databases were searched
using the terms obesity, pharmacokinetics, weight,
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NONMEM, modelling, population, size, LBW, ABW,
IBW, FFM, BMI and BSA (both as acronyms and
in full text). The search was limited to adults and
humans, with the term ‘pharmacokinetics’ incorporated
in all searches. Statistical significance was assumed if a
covariate was included in a population pharmacokinetic
model but the change in objective function was not
reported. It should be noted that many additional studies
used method 1 and found statistically significant differ-
ences in parameter estimates. However, as regression
analysis was not performed, the information from these
studies does not contribute towards knowledge synthe-
sized in this manuscript. Finally, for consistency it
should be noted that the size descriptors presented in
these tables relate to definitions presented in the section
of this manuscript entitled Description of size. Where
the author of a manuscript used an alternative terminol-
ogy, i.e. the authors quoted LBW but the descriptor was
computed as IBW, the ‘true’ descriptor IBW is reported.

Investigation of the best size descriptors

The data presented in Appendix I and II are indeed
formidable. At face value it requires that the studies are
considered to be well conducted, and that variability in
their conclusions is more a function of the characteris-
tics of the drug rather than the patient group or the study
design and analysis techniques used. Clearly, these
assumptions are likely to be erroneous on occasion,
nevertheless some holistic interpretation of the results
would be of general interest. We have summarized the
results of the best size descriptors for CL and V of
distribution in Figure 1a,b, respectively. For both param-
eters the figures show the proportion of studies that
found a particular size descriptor to be best, where the
proportion is given by the ratio of the number of studies
that found the weight descriptor to be best to the number
of studies that considered the weight descriptor as a
potential covariate. For example, for CL only 13 studies
considered BMI as a potential descriptor and hence the
results are expressed as the proportion of times BMI was
found to be the best descriptor of clearance out of the
13 times it was considered. To help interpretation of the
likely significance of the influence of various size
descriptors, an additional ‘no-descriptor’ bar has been
added to each chart. This describes the proportion of
times that no descriptor was correlated with the param-
eter of interest (it should be noted that all studies poten-
tially had the option of finding no relationship).
Interpretation of the results from Appendix I and II also
revealed a number of studies that found a negative cor-
relation between the size descriptor and weight. Since
our a priori belief was that both CL and V increase with
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The percent success of the size descriptor, dependent upon the number
of times it was considered in the regression or population pharmacokinetic
analysis; n denotes the number of studies in which the size descriptor was
evaluated. The error bar on the null model represents the 95% confidence
interval. (a) The pharmacokinetic parameter clearance (CL). (b) Volume
of distribution (V)

patient size, then a negative relationship was considered
biologically implausible and was assumed to represent
a type I statistical error. These results were subsequently
incorporated into the ‘no-descriptor’ category termed
the null model. Finally, the binomial approximation to
the asymptotic normal 95% confidence interval (CI) is
shown for the null model proportion in order to allow
informal inference to be gained about the statistical sig-
nificance of other descriptors.
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Clearance CL is a parameter that is related to the func-
tional capacity of the body and is characterized by the
intrinsic elimination capacity of the various organs and
their perfusion. It is clear from Appendix I that the
relationship between CL and various size descriptors is
highly variable, and no single size descriptor is always
the best descriptor of CL. However, the pathophysiolog-
ical changes that accompany obesity in the otherwise
healthy individual are principally related to changes in
body composition, with increased excess fat mass and
an accompanying but significantly smaller increase in
lean body mass [16]. Unless the fat tissue has intrinsic
extraction properties, then a proportionate increase in
CL with total body weight is a priori unlikely. The
results from Figure 1a support this notion, and indicate
that LBW was the best single size descriptor of CL,
being considered best in 35% of the studies in which it
was considered. Most other size descriptors were
encompassed within the 95% CI of the null model.
Although this cannot be interpreted to provide an asso-
ciated P-value, it does suggest that other size descriptors
seem no better than ‘no-descriptor’, and their represen-
tation is characteristic of ‘noise’ within the meta-
analysis. Of interest is the finding that fat-free mass [36]
did not appear to be the best descriptor in any of the
seven studies where it was considered. Since this metric
is similar in principle to LBW, it is unclear how to
interpret this finding, except that the number of studies
that considered this metric was small.

Volume of distribution V is a parameter that is related
to structural aspects of the body, and is defined by the
apparent volume in which a drug would theoretically
distribute. This parameter does not make the distinction
between whether a drug is evenly distributed throughout
the body (the assumption commonly considered in its
interpretation) or concentrated in a particular region.
Similar to CL, it is clear from Appendix II that the
relationship between V and various size descriptors is
highly variable. In contrast to CL, however, the patho-
physiological changes that accompany obesity in the
otherwise healthy individual would be expected to have
a significant effect on the distribution of some drugs in
the body, particularly those that are lipophilic and there-
fore more likely to distribute into adipose tissue. The
results from Figure 1b support this notion and indicate
that TBW was the best single descriptor of V, being
considered best in 40% of the studies in which it was
considered. A somewhat surprising outcome was the
finding that adjusted body weight was also a relatively
good descriptor of V. However, since the value of the
constant CF was not given and could have been > 0.9,
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interpretation of these findings is not possible. Most
other size descriptors are encompassed within the 95%
CI of the null model. Of interest is the finding that
%IBW did not fare particularly well, which is surprising
in that it is a relative measure of excess fat weight, and
should therefore be well correlated with distribution of
drugs into fat mass.

Interpretation of the influence of size descriptors

Although this review was not designed to interpret the
particular influence of size descriptors on CL and V, we
conducted a post hoc analysis comparing the best
descriptor vs. a measure of the lipophilicity of the drug.
The lipophilicity was estimated based on non-ionized
log octanol-water partition coefficients (Log P) of the
various drugs, which were obtained for most drugs from
the logkow website (http://esc.syrres.com/interkow/
kowdemo.htm). We were unable to locate Log P values
for c-peptide, dalteparin, enoxaparin, lithium, tinza-
parin, remifentanil, vinorelbine and doxacurium. How-
ever since the former drugs (c-peptide, dalteparin,
enoxaparin, lithium, tinzaparin) are highly water soluble
they were assumed to have similar Log P values to the
aminoglycosides and were therefore set to a value of
—5. The remainder (remifentanil, vinorelbine and doxa-
curium) were excluded from the analysis. For the pur-
poses of this summary we considered that the actual
value of LogP for drugs that are highly hydrophilic and
in all likelihood would have values that are much less
than —2 is probably unimportant. The other assumption
we made was to divide the weight descriptors into two
categories in order to get sufficient numbers of studies
in each group. Category 1 were those descriptors that
appeared to compensate for excess fat mass, which were
ABW, BSA, PNWT, IBW and LBW. ABW compensates
for excess fat mass by reducing the slope of the linear
relationship between WT and ABW, and BSA compen-
sates by raising TBW to the power of 0.425 (approxi-
mating the square root of TBW). Category 2 descriptors
were those that did not compensate for increased excess
fat, i.e. fat mass is considered physiologically compara-
ble to lean mass. These were: TBW, %IBW and BMI.
Percent IBW reflects, in theory, the increase in fat mass
since it is the relative proportion that fat mass contributes
over and above lean mass, and for BMI for any given
height its value increases linearly with TBW. Based on
these assumptions, the LogP value was plotted against
the best size descriptors (based on their categories) for
both CL and V (Figure 2a,b). Although the numbers are
small, it is clear that category 2 descriptors were pre-
ferred to describe V for drugs that have higher log P-
values (P = 0.036 using a Mann—Whitney U-test). This
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Figure 2

A box plot of log P-values for each drug vs. category of the best descriptor
for that drug. Category 1 size descriptors were adjusted body weight
(ABW), body surface area (BSA), predicted normal weight (PNWT), ideal
body weight (IBW) and lean body weight (LBW) and category 2 were total
body weight (TBW), %IBW and body mass index (BMI). (a) The
pharmacokinetic parameter clearance (CL). (b) Volume of distribution (V)

supports the finding that V was better described by TBW
rather than by LBW. In contrast, for CL neither category
was associated with higher log P-values (P = 0.831),
suggesting that the best size descriptor for CL is inde-
pendent of the lipophilicity of the drug, and hence a size
descriptor that accounts for increased adipose tissue such
as TBW is likely to be erroneous. In addition, there was
no apparent link between the route of elimination (e.g.
hepatic or renal) and the category of size descriptor that
was favoured (P = 0.20, Fisher’s exact test).

Conclusions

The one clear conclusion that can be drawn from the
available studies is that there is no single size descriptor
that is undeniably better than the others for describing
the pharmacokinetics of drugs in the obese patient.
Despite this overwhelming lack of conclusive evidence,
there is strong empirical and mechanistic evidence that
support some interim conclusions: (i) that in general CL.
does not increase in proportion with total body weight
in obese individuals, and (ii) that V is consistently
increased in patients with excess adipose tissue and that
this increase at least in part seems to be related to the
physicochemical properties of the drug. This implies
that drugs that are dosed acutely, e.g. anaesthetic agents,
will require different dosing considerations from those
that are dosed chronically.

Variability in the findings between studies is likely to
be multifactorial: (i) the variety of choice and imple-
mentation of size descriptors, (ii) the presence of co-
morbidities in the obese patient, (iii) the interaction of
obesity with other covariate relationships (e.g. estima-
tion of creatinine clearance), (iv) the highly variable
physicochemical characteristics of the drugs studied,
and (v) poor study design (e.g. the use of hypothesis
testing studies to learn about drug actions). Currently,
few size descriptors have been developed specifically
for scaling doses to obese patients, indeed most have
been derived for risk assessment in actuarial summaries
of population morbidity and mortality. Adaptation of the
original descriptor for pharmacokinetic purposes has
often been performed ad hoc, or in some circumstances
no adaptation was performed and the size descriptor
used in its original form.

Despite these potential flaws it appears that a descrip-
tor that accounts for increased adipose mass (e.g. total
body weight) would be expected to be an appropriate
descriptor of V for drugs that are moderate to highly
lipophilic. It is equally clear that chronic dosing regi-
mens should not be based on TBW in the obese patient.
The exact nature of the required adjustment to total body
weight is not clear cut, although LBW seems to be
preferred. In addition, there was no evidence of drug-
related factors, such as lipophilicity, or patient-related
factors, such as the effects of obesity on the route of
elimination, that were linked to a preference for a par-
ticular size descriptor. Needless to say, the complexity
of clearance processes, coupled with small numbers of
studies and potentially inadequate size descriptors,
makes it difficult to draw specific conclusions from the
available evidence.
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The best size descriptor for pharmacokinetic studies in the obese I
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