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Background: We were concerned that a fixed rather than
a weight-based dosing regimen of dalteparin sodium to
prevent venous thromboembolism (VTE) might result in
decreased efficacy in obese patients and decreased safety
in elderly patients.

Methods: We retrospectively performed subgroup analy-
ses using the database from the Prospective Evaluation
of Dalteparin Efficacy for Prevention of VTE in Immo-
bilized Patients (PREVENT) Trial, a study of 3706 hos-
pitalized, medically ill patients randomized to receive
either dalteparin sodium, 5000 U/d, or placebo. The pri-
mary end point was a composite of symptomatic VTE,
fatal pulmonary embolism, sudden death, or asymptom-
atic proximal deep venous thrombosis by day 21. Obe-
sity was defined as a body mass index (calculated as weight
in kilograms divided by the square of height in meters)
of 30 or greater for men and 28.6 or greater for women.

Results: Overall, 1118 patients (30.4%) were obese and

1226 (33.3%) were 75 years or older. In obese patients,
the primary end point occurred in 2.8% of the daltepa-
rin and in 4.3% of the placebo groups (relative risk, 0.64;
95% confidence interval [CI], 0.32-1.28). In patients 75
years or older, the primary end point was reported in 4.2%
of the dalteparin and in 8.0% of the placebo groups (rela-
tive risk, 0.52; 95% CI, 0.31-0.87). The dalteparin effect
for the primary end point (odds ratio, 0.51; 95% CI, 0.32-
0.82) was not attenuated when adjusted for age, sex, obe-
sity, history of VTE, and varicose veins. Dalteparin was
not associated with an increase in major hemorrhage by
day 21 in obese (0% vs 0.7% placebo; P�.99) and in el-
derly (1.1% vs 0.7%; P=.12) patients.

Conclusion: Our findings suggest that a fixed low dose
of dalteparin sodium of 5000 U/d is effective and safe in
preventing VTE in obese and elderly hospitalized medi-
cal patients.
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O BESITY IS AN ESTABLISHED

risk factor for venous
t h r o m b o e m b o l i s m
(VTE)1-4 and represents a
major health problem,

especially in the United States, where the
prevalence has reached 30% in the past de-
cade.5,6 Increasingage isalsoarisk factor for
VTE, and risk approximately doubles with
each subsequent decade.7-10 The US popu-
lation is aging,11 and an increasing propor-
tion of hospitalized patients is elderly.12

Dalteparin sodium, a low-molecular-
weight heparin (LMWH), is used in fixed
low doses to prevent VTE in surgical pa-
tients.13-15 In the Prospective Evaluation of
Dalteparin Efficacy for Prevention of VTE
in Immobilized Patients (PREVENT) Trial,
a fixed dose of 5000 U of dalteparin so-
dium reduced VTE events by 45% (rela-
tive risk [RR], 0.55; 95% confidence in-
terval [CI], 0.38-0.80) in patients 40 years

or older who required hospitalization with
an acute medical condition.16 We were
concerned that a fixed rather than a
weight-based dosing regimen of daltepa-
rin might result in decreased efficacy in
obese patients because of increased plasma
drug distribution.17-21 We were also con-
cerned about the possibility of decreased
safety in elderly patients because of de-
creased drug clearance.22,23

METHODS

We retrospectively analyzed data from the
PREVENT Trial, a study of 3706 hospitalized,
medically ill patients, with a projected hospi-
talization of 4 or more days, who had been ran-
domized to receive either dalteparin sodium,
5000 U/d, or placebo in a double-blinded fash-
ion.24 Obesity was defined as a body mass in-
dex (BMI; calculated as weight in kilograms di-
vided by the square of height in meters) of 30
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or greater for men and 28.6 or greater
for women25; elderly was defined as 75
years or older.25

Inclusion criteria for the PREVENT
Trial were acute congestive heart fail-

ure (New York Heart Association III and
IV), acute respiratory failure that did not
require ventilatory support, infectious
disease, acute rheumatic disease, or in-
flammatory bowel disease. In patients

with infectious, rheumatic, or inflam-
matory bowel disease, at least 1 addi-
tional VTE risk factor had to be pres-
ent: chronic congestive heart failure, 75
years or older, obesity, varicose veins,
chronic respiratory failure (defined as
chronic oxygen supplementation, PO2

�60 mm Hg, or PCO2 �45 mm Hg), can-
cer, history of VTE, hormone therapy,
or myeloproliferative syndrome. The
main exclusion criteria were major sur-
gery within the previous month, immo-
bilized lower extremity due to trauma,
acute stroke within 3 months, an in-
creased bleeding risk, a platelet count
less than 100�109/L, creatinine level
higher than 2 mg/dL (�176.8 µmol/L),
hepatic disease, immobility for longer
than 3 days, coagulopathy, pregnancy,
or a life expectancy of less than 1 month.

The primary end point of the
PREVENT Trial was a composite of
symptomatic VTE, fatal pulmonary em-
bolism, sudden death, or asymptom-
atic proximal deep venous thrombosis
by compression ultrasound at day 21.
Overall, 2991 of the 3706 patients were
evaluable for the primary end point.24

Compression ultrasound was per-
formed bilaterally, from the common
femoral to the distal popliteal vein. In
the presence of symptoms or signs of
deep vein thrombosis (DVT), the calf
deep veins were also examined. Second-
ary end points of the PREVENT Trial
were all-cause mortality by days 21 and
90, symptomatic or asymptomatic proxi-
mal DVT at day 21, major and minor
bleeding at day 21, and thrombocyto-
penia by day 21. All asymptomatic DVT
end points were centrally adjudicated by
a core ultrasound laboratory, blinded to
group assignment; other symptomatic
end points were centrally adjudicated by
a clinical event committee.

Major bleeding was defined as bleed-
ing that was fatal, intracranial, intraocu-
lar, spinal/epidural, retroperitoneal, or
associated with a hemoglobin loss of 2
g/dL or greater or a transfusion of 2 U
or more of blood or significant medical
or surgical intervention.

Dichotomous data comparing obese
vs nonobese and elderly vs younger pa-
tients were evaluated with a �2 test, and
continuous variables were evaluated with
an unpaired, 2-tailed t test. We used the
Bonferroni correction for multiple uni-
variate comparisons and defined a P
value of less than .002 as significant. We
calculated incidence and RR with 95%
CIs of the primary end point for daltepa-
rin vs placebo in obese and nonobese pa-
tients as well as in patients 75 and older
and younger than 75 years. Relative risk
was also calculated in predefined age and
BMI subgroups (Figure). We calcu-
lated interaction between the daltepa-
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Figure. Effect of dalteparin sodium on prevention of the primary end point in body mass index (BMI;
calculated as weight in kilograms divided by the square of height in meters) and age subgroups,
presented as relative risk (logarithmic axis) and 95% confidence intervals.

Table 1. Baseline Characteristics*

Characteristic
Obese

(n = 1118)
Nonobese
(n = 2563)

P
Value

Men 396 (35.4) 1376 (53.7)
�.001

Women 722 (64.6) 1187 (46.3)
Age �75 y 848 (75.8) 1607 (62.7)

�.001
Age �75 y 270 (24.2) 956 (37.3)
Race

White 1025 (91.7) 2366 (92.3)

.91
Black 17 (1.5) 35 (1.4)
Other 70 (6.3) 151 (5.9)
Unknown 6 (0.5) 11 (0.4)

Weight, kg 90.8 ± 16.6 68.4 ± 13.5 �.001
Median 89.5 68.0

BMI 33.8 ± 4.9 24.6 ± 3.8 �.001
Median 32.9 24.7

Primary diagnosis
Acute CHF, NYHA class III or IV 581 (52.0) 1324 (51.7) .86
Acute respiratory failure 293 (26.2) 828 (32.3) �.001
Infectious disease 378 (33.8) 982 (38.3) .009
Acute rheumatic disease 41 (3.7) 44 (1.7) �.001
Acute arthritis (leg) 62 (5.5) 62 (2.4) �.001
Acute lumbago/sciatica 78 (7.0) 120 (4.7) .004
Acute inflammatory bowel disease 8 (0.7) 10 (0.4) .19

Comorbidities
Chronic heart failure 612 (54.7) 1259 (49.1) .002
Varicose veins 398 (35.6) 619 (24.2) �.001
Cancer 32 (2.9) 158 (6.2) �.001
Chronic respiratory failure 91 (8.1) 268 (10.5) .03
History of VTE 48 (4.3) 94 (3.7) .37
Hormone therapy 21 (1.9) 42 (1.6) .61

Long-term aspirin use (any dose) 455 (40.7) 1073 (41.9) .49

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of
height in meters); CHF, congestive heart failure; NYHA, New York Heart Association; VTE, venous
thromboembolism.

*Data are given as number (percentage) of patients or mean ± SD value unless otherwise specified.
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rin effect for the primary end point and
obesity using a logistic regression model
with the factors treatment, obesity, and
interaction term. Multivariate logistic re-
gression analysis was performed to
model the treatment effect of daltepa-
rin for the primary end point while ad-
justing for obesity, age, and sex. A per-
sonal history of VTE and presence of
varicose veins were univariate predic-
tors of the primary end point; we there-
fore included these variables in the mul-
tivariate analysis.

RESULTS

Obesity was present in 1118 pa-
tients (30.4%), one third of men and
two thirds of women (Table 1).
Most obese patients were younger
than nonobese patients. Acute ar-
thritis, acute lumbago/sciatica,
chronic heart failure, and varicose
veins were more common in obese
patients. Acute respiratory failure
and cancer were less common in
obese than in nonobese patients.

In obese patients, the primary end
point occurred in 2.8% (95% CI,
1.3%-4.3%) and 4.3% (95% CI,
2.5%-6.2%) of the dalteparin and
placebo groups, respectively (RR,
0.64; 95% CI, 0.32-1.28). In non-
obese patients, the primary end point
was reported in 2.8% (95% CI, 1.8%-
3.8%) and 5.2% (95% CI, 3.9%-
6.6%) of the dalteparin and pla-
cebo groups, respectively (RR, 0.53;
95% CI, 0.34-0.82).

In patients 75 years or older, the
primary end point occurred in 4.2%
(95% CI, 2.4%-5.9%) and 8.0% (95%
CI, 5.6%-10.5%) of the dalteparin
and placebo groups, respectively
(RR, 0.52; 95% CI, 0.31-0.87). In pa-
tients younger than 75 years, the pri-
mary end point was reported in 2.1%

(95% CI, 1.3%-3.0%) and 3.5% (95%
CI, 2.4%-4.6%) of the dalteparin and
placebo groups, respectively (RR,
0.61; 95% CI, 0.36-1.03).

Except for patients with a BMI of
40 or greater, dalteparin was effec-
tive in reducing the primary end
point in the BMI and age sub-
groups (Figure).

The proportion of patients who
had components of the primary end
point was similar in obese and non-
obese patients (Table 2). Com-
pared with younger patients, el-
derly patients more often had
symptomatic pulmonary embolism
and both symptomatic and asymp-
tomatic proximal DVT.

Logistic regression analysis mod-
eling the probability of the primary
end point indicated no interaction be-
tweendalteparinefficacyand thepres-
ence of obesity (P=.63). When weight
was modeled as a continuous vari-
able, no statistically significant inter-
action between weight and daltepa-
rin efficacy was observed (P=.97).
The dalteparin effect for the primary
end point persisted (adjusted odds ra-

tio, 0.51; 95% CI, 0.32-0.82; P=.006)
when adjusted for univariately sig-
nificant predictors of the primary end
point, including age, history of VTE,
sex, obesity, and varicose veins.

Dalteparin was not associated with
an increase in mortality by day 21 in
obese patients (4.6% vs 2.7% pla-
cebo; P=.14) and elderly patients (6.7
vs 5.7% placebo; P=.62) or major
hemorrhage by day 21 in obese pa-
tients (0% vs 0.7% placebo; P �.99)
and elderly patients (1.1% vs 0.7%;
P=.12) (Table 3 and Table 4).

COMMENT

A fixed low dose of dalteparin so-
dium of 5000 U/d was similarly ef-
fective in obese and in nonobese and
in elderly and younger hospitalized
patients in preventing VTE by day 21.
Dalteparin was also safe in obese and
elderly patients. In these subgroups,
we did not observe a significant dif-
ference in mortality or major hemor-
rhage by day 21 between the treat-
ment and placebo groups.

Table 2. Components of the Primary End Point,
According to Body Mass Index and Age*

End Point Component
Obese

(n = 1118)
Nonobese
(n = 2563)

Age �75 y
(n = 2455)

Age �75 y
(n = 1226)

Sudden death 4/1107 (0.36) 4/2529 (0.16) 5/2422 (0.21) 3/1214 (0.25)
PE: fatal 0/1107 2/2529 (0.08) 2/2422 (0.08) 0/1214
PE: symptomatic 3/1080 (0.28) 8/2419 (0.33) 4/2351 (0.17) 7/1148† (0.61)
DVT: distal, symptomatic 3/1080 (0.28) 4/2418 (0.17) 3/2350 (0.13) 4/1148 (0.35)
DVT: proximal, symptomatic 23/922 (2.49) 66/2070 (3.19) 45/2038 (2.21) 44/954‡ (4.61)
DVT: proximal, asymptomatic 22/917 (2.40) 58/2043 (2.84) 39/2019 (1.93) 41/941§ (4.36)

Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism.
*Data are given as number/total number (percentage).
†P = .048.
‡P = .001.
§P�.001 (the Fisher exact test for differences in end points between patients aged �75 and �75

years).

Table 3. Adverse Events According to the Presence or Absence of Obesity

Adverse Event

Nonobese Obese

Dalteparin Sodium
(n = 1290)

Placebo
(n = 1273) P Value

Dalteparin Sodium
(n = 558)

Placebo
(n = 560) P Value

Mortality, %
Day 21 5.5 6.0 .54 4.6 2.7 .14
Day 90 14.3 13.7 .94 9.9 8.6 .36

Hemorrhage, %
Major day 21 1.6 0.3 .07 0 0.7 �.99
Minor day 21 2.5 1.8 .31 1.4 0.7 .22

Thrombocytopenia, %
Day 21 1.5 1.0 .79 0.9 0.9 �.99
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Low-molecular-weight hepa-
rins22,26 reduce VTE in hospitalized
medically ill patients. The preva-
lence of obesity in the PREVENT Trial
is comparable to that reported among
adults in the United States,5 even
though patients were enrolled from
23 countries. Markedly obese pa-
tients were well represented, with a
BMI of 35 or greater in more than 10%
of the PREVENT Trial patients.

In 3706 medically ill patients, the
relative treatment effect of daltepa-
rin was not attenuated when ad-
justed for age, sex, and obesity.
While the absolute risk was similar
in placebo-treated obese (4.3%) and
nonobese (5.2%) patients, daltepa-
rin was effective in obese patients,
with an RR reduction of 36%. Al-
though the absolute VTE risk was
twice as high in placebo-treated pa-

tients 75 years or older (8.0%) com-
pared with patients younger than 75
years (3.5%), dalteparin reduced
VTE events by 48% in this popula-
tion. Similarly, hospitalized medi-
cally ill patients 75 years or older in
the MEDENOX study27 had a greater
benefit from 40 mg/d of enoxapa-
rin sodium prophylaxis compared
with younger patients. Dalteparin
was effective in reducing VTE in all

Table 4. Adverse Events According to Age

Adverse Event

Age �75 y Age �75 y

Dalteparin Sodium
(n = 1237)

Placebo
(n = 1218) P Value

Dalteparin Sodium
(n = 611)

Placebo
(n = 615) P Value

Mortality, %
Day 21 3.4 3.0 .88 6.7 5.7 .62
Day 90 8.1 8.4 .56 16.1 13.9 .41

Hemorrhage, %
Major day 21 0.5 0.3 .69 1.1 0.7 .12
Minor day 21 1.7 0.3 .02 2.2 2.2 �.99

Thrombocytopenia, %
Day 21 0.6 0.6 �.99 1.8 1.3 .55
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age subgroups and in patients with
a BMI of up to 40. A fixed low dose
of dalteparin in patients with a BMI
of 40 or greater may not be appro-
priate, particularly in the presence
of additional VTE risk factors.

The overall 5% incidence of the
primary end point in the placebo
group of the PREVENT Trial indi-
cates that the patients were at mod-
erate VTE risk according to the clas-
sification by the Thromboembolic
Risk Factors Consensus Group.28

Whether weight-adjusted dosing
rather than a fixed low dose of
dalteparin should be used in older and
obese medically ill patients with re-
cent surgery, trauma, or thrombo-
philia remains unanswered because
these patients were excluded from our
trial. In the PREVENT Trial, pa-
tients with creatinine levels up to 2
mg/dL (176.8 µmol/L) were en-
rolled. It is likely that many elderly
patients with renal dysfunction were
included because, in this age group,
renal function may decline even if the
serum creatinine level remains within
the normal range. Because creati-
nine clearance was not directly mea-
sured, the efficacy and safety of
dalteparin according to various de-
grees of renal dysfunction was not as-
sessed. Compression ultrasonogra-
phy has limitations in diagnosing
distal and asymptomatic proximal
DVT. This may have affected the re-
ported DVT rate, particularly in obese
patients.

In conclusion, our findings sug-
gest that the effectiveness and safety
of dalteparin in preventing VTE
among hospitalized patients with
acute medical illness are not signifi-
cantly affected by age or BMI. Be-
cause this study was a retrospective
subgroup analysis of a randomized
controlled trial, no definite conclu-
sions can be drawn regarding the ef-
ficacy and safety of dalteparin in hos-
pitalized obese and elderly patients.
Future randomized controlled VTE
prevention trials are warranted that
specifically enroll these high-risk
patients.
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