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Obesity, sex, and acetaminophen disposition

Twenty-one obese (14 women; 7 men) and 21 normal (11 women; 10 men) drug-free and
age-maiched subjects were given single 650-mg 1V doses of acetaminophen. Mean total body
weights (TBW) for the groups were as follows: obese men, 134.9 kg; control men 70.6 kg,
obese women, 87.9 kg; and control women, 55.0 kg; ideal body weight (IBW) was similar Jfor
all of the groups. Acetaminophen elimination half-life (1'48) did not differ among groups.
Absolute volume of distribution (Vd) was greater in obese than in control men (109 and 77 I,
P < 0.05) and greater in control men than in control women (77 and 52 I, P < 0.05), bur Vd
corrected for TBW was smaller in obese than in control men (0.81 and 1.09 |/kg TBW,

P < 0.05) and smaller in obese than control women (0.71 and 0.95 l/kg TBW, P < 0.05).
Absolute metabolic clearance was greater in obese than in control men (484 and 323 mlimin,
P < 0.05), in obese than in control women (312 and 227 milmin, P < 0.05), and in control
men than women (323 and 227 mlimin, P < 0.05). After correction for TBW, however,
clearance between control and obese subjects of the same sex did not differ. Acetaminophen Vd
is increased in obesity and in men relative 10 women, but the drug’s distribution into body
weight exceeding IBW is less extensive than that into IBW. For men the distribution ratio is
0.44 and for women, 0.31. Acetaminophen clearance increases with body weight and therefore
is much greater in obese patients and in men.
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Acetaminophen is coming under increasing
scrutiny as a result of reports of fatal overdose
and possible hepatotoxicity during long-term
excessive use.”™ '% 8. 32 Suboroups of patients,
such as chronic alcoholics?® 24 29 apd those on
anticonvulsant medication,”” may have in-
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creased susceptibility to acetaminophen hepato-
toxicity with overdose or long-term use. Morbid
obesity has been associated with a higher inci-
dence of liver disease® and marked sex differ-
ences in the disposition of many drugs have
been described.® '3 ¥ We report a comparison
of the metabolism of potentially hepatotoxic
acetaminophen in obese and normal-weight sub-
jects and in men and women.

Methods

Subjects. Twenty-one obese (14 women; 7
men; all weighing more than 133% of ideal
body weight [IBW]) and 21 control subjects (11
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Fig. 1. Plasma acetaminophen concentrations and kinetics after intravenous acetaminophen to a
representative woman and man of normal weight (/efr) and to a representative normal-weight man

and obese man (right).

women; 10 men; weighing less than 112% of
IBW) participated in the study (Table I). For all
subjects results of laboratory screening, includ-
ing clinical tests of liver function, were normal.

IBW was defined from life insurance tables
as follows®: IBW (men) = 110 pounds + 5
pounds/inch above or below 5 ft height; IBW
(women) = 100pounds + 5 pounds/inchabove
or below 5 ft height.

Percent IBW was calculated as the ratio of
actual or total body weight (TBW) to IBW.
Other measures of adiposity, such as weight
divided by height or weight divided by the
square of height, have been evaluated in such
populations, but we find that none of the other
indices provides more information than does
comparison of TBW and IBW.® Obese and
control subjects were matched for age and
smoking habits. No subjects were on a special
diet designed for weight loss and all remained at
the same weight during the study.

Procedure. Acetaminophen was prepared

in a sterile 50-mg/ml solution (in propylene
glycol-ethanol-5% dextrose, 40:10:50 by vol-
ume). Thirteen milliliters, containing 650 mg
acetaminophen, was diluted to 50 ml in normal
saline and injected by constant intravenous in-
fusion over 5 min. Venous blood samples were
drawn from the contralateral arm before the
dose, at completion of the infusion and at 5, 15,
30, and 45 min and 1, 1.5, 2.0, 2.5, 3.0, 4.0,
6.0, 8.0, and 12.0 hr after the dose. Plasma
samples were frozen (—20°) until acetamino-
phen levels were determined by high-pressure
liquid chromatography.>

For each subject postinfusion plasma acet-
aminophen concentrations were fitted to equa-
tions formed by the sum of two or three expo-
nential terms by iterative weighted nonlinear
least-squares regression analysis.? 3% 3! After
correction of the coefficients for the infusion pe-
riod,? the fitted function was used to calculate
the elimination half-life (t28), total apparent
volume of distribution using the area method
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Table 1. Subject characteristics and kinetics of acetaminophen

Men Women Men Women | Control
(obese vs | (obese vs | men vs
Obese Control Obese Control control) | control) | women
Subject characteristics
No. 7 10 14 11
Age (yr) 43 36 33 30
(24-64) (23-66) (23-56) (23-39)
Weight (kg) 135 71 88 55 * *
(92-197) (59-87) (68-102) (48-66)
IBW (kg) 73 75 57 56 *
(66-77) (66-82) (48-64) (50-64)
% IBW 182 93 158 98 * *
(133-257) (72-112) (136-242)  (86-109)
Smoking (no/yes) 4/3 7/3 14/0 7/4
Kinetic variables-
t¥a B 2.55 2.76 2.32 2.66
(1.99-3.47) (1.88-3.31) (1.73-3.17) (2.15-3.06)
Vvd (L) 108.5 71.0 61.4 51.6 * *
(62.2-151.4) (61.6-116.0) (47.0-82.1) (35.9-71.3)
Vd/kg TBW 0.81 1.09 0.71 0.95 * *
(0.53-1.31) (0.87-1.34) (0.49-0.96) (0.66-1.27)
Vd/kg IBW (//kg) 1.49 1.02 1.10 0.93 *
(0.81-2.07) (0.85-1.42) (0.78-1.48) (0.56-1.21)
Clearance (ml/min) 484 323 312 227 * * *
(324-646) (199-489) (217-462)  (149-338)
Clearance/kg TBW 3.74 4.55 3.59 4.16
(mi/min/kg) (2.42-5.26) (3.81-6.94) (2.50-5.37) (2.73-5.71)

Values are mean (with range).
*P < 0.05 by Newman-Keuls test.

(Vd), volume of distribution at steady state
(Vdss), and total metabolic clearance.!! 1 Dif-
ferences in these variables between control male
and female subjects, obese and control male
subjects, and obese and control female subjects
were analyzed by the Newman-Keuls test for
multiple comparisons.

Resulits

Elimination of acetaminophen from plasma
after intravenous infusion was adequately de-
scribed in all subjects by a linear sum of expo-
nential terms (Fig. 1). Biexponential and triex-
ponential functions were observed with relative
frequencies of 0.41 and 0.59 among all sub-
jects. No difference in frequency between obese
and control, or between male and female sub-
jects, was established by chi-squared analysis.

Acetaminophen t%2f did not differ between
subject groups, but Vd was much larger in
obese men than in control men and in control

men than in control women (Table I). Vd cor-
rected for TBW was lower in both obese men
and women than in their respective controls,
whereas there was no difference in Vd between
sexes (Table I). In contrast, Vd corrected for
IBW was greater in obese than in control men
and, though not significantly so, tended to be
larger in obese than control women. Percent
IBW was linearly related to both Vd/kg TBW
(r = -0.53, P <0.05 for men; r = —0.64,
P < 0.01 for women) and to Vd/kg (r = 0.79,
P < 0.001 for men; r = 0.45, P < 0.05 for
women), indicating partial but not complete
distribution of drug into excess weight above
IBW and a greater extent of such distribution in
men (Fig. 2). When functions generated from
linear regression of percent IBW and Vd for
men and women (Fig. 2) were used, distribution
of acetaminophen into excess body weight over
IBW was 0.44 and 0.31 times that distributed
into IBW. The same relationships hold whether
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Fig. 2. Relationship df percent IBW (abscissa) to acetaminophen volume of distribution (ordinate)

corrected for TBW (top) or IBW (botiom).

Vd or Vdss are used as a determinant of volume
of distribution. Comparison of the two parame-
ters indicated, as expected, that Vdss was
slightly smaller than Vd and that the two vol-
ume terms correlated strongly among all sub-
jects (Fig. 3).

Total clearance of acetaminophen increased
with body weight regardless of age (r = 0.72,

P < 0.001, Fig. 4). Accordingly, clearance
was higher in obese than in control subjects.and
higher in male than in female controls (Fig. 5).
After correction for TBW, clearance did not dif-
fer among the four groups (Table I). In another
study,* cigarette smoking was found to have no

*Divoll et al: Unpublished data.
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Fig. 3. Relationship of Vd (abscissa) and Vdss (ordinate). Solid line was determined by linear
regression analysis. Dotted line is the line of identity (y = x).

influence on acetaminophen clearance. Smok-
ing was therefore not evaluated by us as an in-
dependent variable.

Discussion

Acetaminophen is metabolized in man pri-
marily by the conjugative pathways of hepatic
glucuronidation and sulfation,® *2 but a small
proportion undergoes oxidative metabolism and
is of major toxicologic significance. The oxida-
tive pathway generates toxic metabolic inter-
mediates responsible for hepatotoxicity after
acetaminophen overdose!®: '+ - 2 and possibly
even after long-term excessive use.”

As far as we could determine effects of mor-
bid obesity on conjugatively metabolized drugs
have not been reported. The progressively in-
creasing clearance of acetaminophen with in-
creasing body weight implies that conjugative
drug metabolizing processes may in some way

be related to body weight (Fig. 3). It is not
likely that a change in oxidative metabolism is
responsible for the increased clearance because:
(1) the usually small fraction of acetaminophen
oxidatively metabolized would have to be
greatly increased to explain the large increase in
tota] clearance and such an increase might lead
to hepatotoxic metabolite formation'? (reports
of acetaminophen hepatotoxicity among obese
individuals are lacking) and (2) findings in our
laboratory indicate that clearance of oxidatively
metabolized drugs such as antipyrine, diaze-
pam, and desmethyldiazepam are unchanged in
obesity.! *In any case, the findings suggest that
recommended therapeutic doses of acetamino-
phen are safe for obese individuals.

The basis for increased total metabolic clear-
ance in persons of high body weight cannot be
determined from our data. Hepatic size, cardiac
output, and hepatic blood flow, which may
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Fig. 4. Relationship of TBW (abscissa) to acetaminophen total metabolic clearance (ordinate).

contribute are all increased in obesity.* The
possible role of extrahepatic conjugation is not
known.

We are gratefu] for the assistance of Lawrence J.

Moschitto, Ann Zumbo, Jerold S. Harmatz, Ann
Locniskar, Lornna L. Jason, Dr. Richard 1. Shader,
and the Staff of the Clinical Study Unit, New En-
gland Medical Center Hospital (supported by USPHS
grant RR-24040).
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In the article by Dujovne et al., ‘‘Quantitation of biliary excretion of drugs in man,’’ which
appeared on p. 187 of the February, 1982, issue of the JOURNAL, some of the symbols in the
equations on pp. 190 and 191 were incorrect. With the ‘symbols as defined in the text, the

correct equation for the amount of *H-PEG marker

interval of t; to t, is:

passing the aspiration port during the time

" 0]
Amt. *H-PEG | : = [PEG,][V,][t ~ t.];

the correct equation for the fraction of the duodenal fluids aspirated during the same time

interval is:

t2=

Fa

[PEG,][V,]

t,  [PEGI[V,][t - t,)

the correct equation for incremental gastrointestinal clearances is:

—C-igi

b AUC

Ly Amty, ap

tp
L
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