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Analysis of the first therapeutic-target-achieving
time of warfarin therapy and associated factors
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Abstract. The present study aimed to investigate the factors
affecting the first therapeutic-target-achieving (TTA) time of
warfarin therapy in patients with acute pulmonary embolism
(PTE). Between January 2008 and June 2013, patients with PTE
confirmed by transpulmonary arterial enhanced computed
tomographic pulmonary angiography or pulmonary ventila-
tion perfusion scanning were included in the present study.
Data collected included demographic information, history of
tobacco and alcohol intake, basic diseases (stable and unstable
hypertension, diabetes, heart failure, cancer/cerebral infarc-
tion, old myocardial infarction and atrial fibrillation), liver
and kidney function, the haemoglobin and platelet count of
the blood, international normalized ratio monitoring, warfarin
dosage adjustment and medication combinations. Dynamic
changes in international normalized ratio, anticoagulant effi-
cacy, and adverse events within 90 days were monitored and
analyzed. Univariate analysis demonstrated that the following
factors affect the first TTA time: Initial dose, body mass index
(BMI), liver function, heart failure, and the administration of
levofloxacin, cephalosporins, and blood circulation-activating
drugs. Logistic regression analysis revealed that the following
were independent factors of the first TTA time: Initial dose,
BMI, liver function, heart failure and levofloxacin. Therefore,
the results of the present study demonstrated that various
factors may affect the first TTA time of warfarin therapy,
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including the initial dose, BMI, liver function, heart function
and concomitant medication.

Introduction

Acute pulmonary embolism (PTE) remains one of the
most common, life-threatening cardiovascular events. The
proportion of hospitalized patients with PTE has gradually
increased (1), although the fatality rate varies according to
the hemodynamic status of the patient (2-4). Regardless of
the elevated mortality and recurrence or other poor prognosis
factors in patients with an unstable hemodynamic status,
adequate anticoagulation remains an important aspect of PTE
management.

Vitamin K antagonists have been used in traditional
medicine as anticoagulants. The annual risk of bleeding for
vitamin K antagonists is 1-3%, and this value is not substan-
tially reduced by treatment with newer oral anticoagulant
therapy (5,6). Furthermore, given their lower cost, vitamin K
antagonists are popular with patients with venous thrombo-
embolism/PTE. Warfarin, which is a vitamin K antagonist,
is a common oral anticoagulant that is predominantly used
for the prevention and treatment of various thromboem-
bolic disease (7). In order to achieve anticoagulant efficacy,
the anticoagulation intensity index-international normal-
ized ratio (INR) of warfarin must be maintained between
2.0 and 3.0 in patients with PTE (8). Previous studies have
suggested that achieving stable anticoagulation requires
a number of weeks to months of treatment, with the INR
maintained within the effective range in only 40-60% of
patients, including those with a stable status (9,10). Risk of
bleeding or rethrombosis is increased during the remaining
non-therapeutic-target-achieving (TTA) period, particularly
in the initial treatment period (11-13). Therefore, rapidly
achieving therapeutic INR may decrease the incidence of
adverse reactions, ensure anticoagulation efficacy and reduce
the duration and expense associated with heparin treatment.
To date, a limited number of studies have investigated the
first TTA time and relevant factors associated with warfarin
therapy, including the initial anticoagulation indicators,
safety indicators and anticoagulation efficacy. The present
study aimed to investigate the correlation between the
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aforementioned factors and four different INR TTA time
periods, in order to assess the first TTA time and associated
factors of warfarin therapy in patients with PTE.

Materials and methods

Subjects. Between January 2008 and June 2013, patients were
selected based on a diagnosis of PTE, which was confirmed
by computed tomographic pulmonary angiography or pulmo-
nary ventilation perfusion scanning, in accordance with the
‘Pulmonary embolism diagnosis and treatment guidelines’
issued by the Chinese Institute of Respiratory Medicine
Branch (2001) (14). Inclusion criteria were as follows: i) Aged
=18 years, without a previous history of warfarin therapy, while
achieving a therapeutic INR (target range, 2.0-3.0) within
90 days of warfarin administration; ii) anticoagulation main-
tenance therapy with warfarin for =3 months; and iii) regular
monitoring of INR values following discharge from the
hospital. Exclusion criteria were as follows: i) Succumbed to
the condition during hospitalization; ii) incomplete follow-up
information; iii) failure to follow the prescribed treatment and
monitoring; and iv) transfer to a different hospital for treat-
ment. The present study was conducted with approval from the
Ethics Committee of Hebei Medical University (Shijiazhuan,
China), in accordance with the Declaration of Helsinki.
Written informed consent was obtained from all participants.

Data collection. A total of 302 Chinese patients with PTE were
enrolled in the present retrospective study. Patient information
was collected, including demographic data, laboratory data,
clinical data during hospitalization and health status within
90 days of commencing warfarin therapy. Demographic data
included age, gender, height, weight and body mass index
(BMI). Laboratory data included liver function, alanine amino-
transferase, aspartate transaminase, albumin (ALB), serum
creatinine, hemoglobin and coagulation analyses. Clinical data
during hospitalization included basic diseases, tobacco and
alcohol intake history, warfarin dose adjustment and medica-
tion. Following discharge, the patients were followed-up for
90 days in order to monitor dynamic changes in INR and
associated warfarin dose adjustments, and to observe adverse
reactions including bleeding, re-embolism and anticoagulant
efficacy, (Garcia 2013, Ageno) which was scored as effective,
improved or ineffective. Patients were divided into four groups
according to their first TTA time: Group I, TTA time <7 days;
group 11, 8 days<TTA time<14 days; group III, 15 days<TTA
time<28 days; and group IV, TTA time >28 days. These
groups were used in the analyses of the correlation between
the various factors and the first TTA time.

The following pharmacological agents were used
during the present study: Cefmenoxime hydrochlo-
ride (Tianjin Takeda Pharmaceutical Co., Ltd., Tianjin,
China); cefazolin (Shiyao Pharmaceutical Group,
Shijiazhuang, China); ceftriaxone-tazobactam (Haikou
Kellett Pharmaceutical Co., Ltd., Hainan, China); levo-
floxacin lactate (Zhejiang Pharmaceutical Co., Ltd., Xinchang
Pharmaceutical Factory, Zhejiang, China); Danhong (Heze
Step Pharmaceutical Co., Ltd., Shandong, China); and Salvia
tetramethylpyrazine injection (Guizhou Yi Bai Pharmaceutical
Co., Ltd., Guizhou, China).

GONG et al: FACTORS AFFECTING WARFARIN THERAPY FOR PULMONARY EMBOLISM

Research contents. Outcome measures for the anticoagula-
tion therapy were as follows: i) First TTA time (in days)
following the initiation warfarin therapy required to reach
a therapeutic INR (target range, 2.0-3.0) for =2 consecutive
days; and ii) the proportion of INRs per TTA time period
(%).

Safety indicators included adverse reactions such as minor
or serious bleeding within 90 days of commencing warfarin
therapy and rethrombosis.

Efficacy indicators included the rates of effective, improved
and ineffective anticoagulation achieved within 90 days of
commencing warfarin therapy.

Statistical analysis. The present study was a retrospective
analysis and data were processed using SPSS 17.0 statistical
software (SPSS, Inc., Chicago, IL, USA). Measurement data
were expressed as the mean + standard deviation and counting
data were expressed as rates. Independent sample t-test was
used for the intergroup mean comparison, and analysis of
variance was conducted for multi-group mean comparisons.
The ? test was used for multi-rate comparison, and ordinal
logistic regression was used for multivariate analysis. P<0.05
was considered to indicate a statistically significant difference.

Results

Single factor analysis. A total of 302 patients with PTE were
enrolled in the present study with a mean initial TTA time of
17.57+12.52 days. The numbers of cases in the four INR TTA
time segments were 68 (22.52%), 80 (26.49%), 108 (35.76%),
and 46 (15.23%), respectively. Therefore, group III (TTA
time, 15-28 days) was the most populated, followed by group I1
(TTA time, 8-14 days) (Table I).

Initial dose of warfarin. Among the 302 patients, the average
doses of warfarin in the four INR TTA time segments were
3.59+0.92, 3.10+0.29, 2.66+0.23 and 2.40+0.32 mg, respec-
tively (P<0.001; Table I). Statistical analysis of the initial three
doses (2.5, 3 and 5 mg) demonstrated that the most common
TTA time of patients in the 2.5, 3 and 5 mg groups was 15-28
(44.14%), 8-28 (60.25%) and <7 days (41.67%), respectively
(P=0.01; Table II). These results demonstrated that the initial
dose of warfarin was a factor that was capable of affecting the
first TTA time (Fig. 1A) of patients in the present study.

Basic clinical characteristics. The most common TTA times of
patients categorized via BMI as normal, overweight, degree 1
obese and degree II obese were <7 (36.59%), 15-28 (33.33%),
15-28 (43.90%) and >28 days (33.33%), respectively (P<0.001).
These results demonstrated that BMI affected the first TTA
time (Fig. 1B) of patients in the present study, whereas age,
gender, tobacco, and alcohol intake had no effect on the first
TTA time (data not shown).

Basic diseases. The first TTA time was <14 days in 71.43% of
patients with heart failure and >14 days in 64.24% of patients
without heart failure (P<0.001; Table II). Heart failure signifi-
cantly affected the first TTA time (Fig. 1C) of patients enrolled in
the present study, whereas hypertension, diabetes and malignant
cancers had no effect on the first TTA time (data not shown).
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Table I. Univariate analysis of the first therapeutic-target-achieving time and body mass index.

Body mass index*

Mean initial

Group Normal Overweight Degree I obesity Degree II obesity dosage (mg)°
I 30 (36.59) 24 (26.67) 14 (17.07) 0 (0.00) 3.59+0.92
I 18 (21.95) 24 (26.67) 20 (24.39) 18 (37.50) 3.10+£0.29
I 28 (34.15) 30 (33.33) 36 (43.90) 14 (29.17) 2.66+0.23
v 6(7.32) 12 (13.33) 12 (14.63) 16 (33.33) 2.40+0.32
¥*/F 22.64 71
P-value <0.001¢ <0.001¢

Among groups, P<0.05 was considered significant. “Data are presented as n (%). "Data are presented as the mean + standard deviation. °P-value
of the first therapeutic-target-achieving vs. normal, overweight, degree I and II obesity groups. ‘P-value of mean initial dose vs. normal,
overweight, degree I and II obesity groups. The ¥ test was used to for the body mass index and the analysis of variance test for the mean initial

dosage.

Laboratory information. Among all patients, the first TTA
time of patients with liver dysfunction prior to treatment
ranged from 1-7 (36.36%) to 15-28 days (40.91%), as compared
with 8-28 days (62.79%) in patients with normal liver func-
tion (Table II). This significant difference (P=0.019) between
the groups demonstrated that liver function affected the first
TTA time (Fig. 1D) of patients in the present study, whereas
a slight decrease in ALB, mild to moderate anemia, and renal
impairment did not affect the first TTA time (data not shown).

Administration of pharmacological agents. The first TTA
time of patients who received cephalosporins ranged from
<7 (30.25%) to 15-28 days (36.79%), as compared with
8-28 days in patients who did not receive cephalosporins
(66.66%) (P=0.0017). Moreover, the first TTA time was
<7 days (45.83%) in patients who received levofloxacins
and 15-28 days in those who did not receive levofloxacins
(39.37%) (P<0.001). These results demonstrated that the
administration of cephalosporins and levofloxacins affected
the first TTA time (Fig. 1E) of patients in the present study,
whereas the administration of penicillin antibiotics and anti-
fungal drugs had no effect on the first TTA time (data not
shown).

The following cardiovascular drugs had no effect on the
first TTA time of patients enrolled in the present study: Highly
selective (-blockers (metoprolol, bisoprolol), lipid-lowering
statins (simvastatin, atorvastatin, and fluvastatin), diuretics
(spironolactone, furosemide), calcium channel blockers (nife-
dipine), aspirin and angiotensin-converting enzyme inhibitors.

The first TTA time was 8-28 days in the majority (65.95%)
of patients who received blood circulation-activating drugs,
whereas the majority of patients who did not receive these
drugs exhibited a first TTA time of 15-28 days (35.34%)
and >28 days (25%); the difference was statistically
significant (P=0.001). These results demonstrated that blood
circulation-activating drugs affected the first TTA time of
patients in the present study, whereas proton pump inhibitors
and adrenal cortex hormones had no effect on the first TTA
time (data not shown).

In summary, univariate analysis demonstrated that the
initial dose of warfarin, BMI, liver function and heart failure

status of patient, and levofloxacin, cephalosporin and blood
circulation-activating drug administration affected the first
TTA time of patients following warfarin therapy.

Ordered logistic regression analysis. Statistically significant
factors, as determined by univariate analysis, were included in
ordered logistic regression analyses. As shown in Table III, the
first TTA time was: i) Increased in the 2.5 and 3 mg groups,
as compared with the 5 mg group [odds ratio (OR)>1; P<0.05];
ii) decreased in the overweight and normal BMI groups, as
compared with the degree II obesity group (OR<I; P<0.05),
with no significant difference detected between the rate of the
first TTA time extension in the degree I and II obesity groups
(OR=2.0, P=0.269); iii) decreased in patients with hepatic
dysfunction and heart failure (OR<1; P<0.05); and iv) increased
in the group that did not receive levofloxacins (OR=1.375,
P<0.05), with cephalosporins and blood circulation-activating
drugs not identified as independent factors affecting the first
TTA time (OR>1, P>0.05).

In summary, BMI, liver function, heart failure and
levofloxacin administration were identified as independent
factors affecting the first TTA time of patients treated with
warfarin.

Correlation analysis. Among the 302 cases examined in the
present study, no significant differences in INR distribution were
detected in the four first TTA time segments between patients
with effective and improved anticoagulation. These results
demonstrated that there was no correlation between the INR
distribution according to different first TTA time segments and
warfarin therapy efficacy (effective or improved) (Table IV).

Among the 302 cases, the first TTA time was 15-28 days in
the majority of patients with (41.67%) or without (34.55%) minor
bleeding, and 7-14 days (60%) in patients with severe bleeding.
As the difference was not statistically significant (P=0.673),
these results demonstrated that there was no correlation between
bleeding severity and INR distribution according to the first
TTA of patients enrolled in the present study (Table I'V).

Anticoagulant efficacy. Following 90 days of warfarin therapy,
therapeutic anticoagulation was achieved in 71 cases, with an
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Figure 1. Single-factor statistical analysis of first therapeutic-target-achieving time. Respective associations between the first standard time and (A) initial dose,
(B) body mass index (BMI), (C) heart failure incidence, (D) liver function and (E) levofloxacin administration. The ¥ test was used for statistical analysis.

efficacy rate of 23.4%. Improved anticoagulation was achieved
in 231 cases, with an improvement rate of 76.6%. There were
no cases of ineffective anticoagulation.

Adverse reactions. Adverse reactions included bleeding and
rethrombosis. Within 90 days of warfarin therapy, bleeding
occurred in 82 patients (27.15%), which was deemed to be
minor in 72 patients (23.84%) and severe in 10 patients (3.31%).
Furthermore, rethrombosis occurred in 5 patients (1.54%)
within 90 days of warfarin therapy,.

Discussion

Although various factors are known to affect warfarin, in vivo
and in vitro, it was not straightforward at home and worldwide.
The results of the present study demonstrated that various
factors were capable of influencing the TTA time associated
with warfarin therapy in patients with PTE, including the
initial dose of warfarin, BMI, liver function, heart failure
status and levofloxacin administration. As only Chinese
patients with PTE were included in the present study, an initial
dose of 3 mg was selected.

Asoutlined in the 9th edition of the Antithrombotic Therapy
and Prevention of Thrombosis Guidelines, American College
of Chest Physicians (ACCP9) (7), the initial dose of warfarin
predominantly ranges between 5 and 10 mg, and should be
selected according to the patient's sensitivity to warfarin, age,
weight, intended treatment and associated complications.
Furthermore, the recommended initial dose is <5 mg in the

elderly, and patients with malnutrition, liver disease, congestive
heart failure and high risk of bleeding (15). Although previous
international studies (16-19) have investigated the TTA time
associated with loading doses of 5 and 10 mg warfarin and
the incidence of adverse events, the conclusions were incon-
sistent. In a previous study conducted by Kovacs er al (16),
209 outpatients with acute venous thromboembolism were
randomly assigned into two groups with initial doses of 5 and
10 mg, respectively. The results demonstrated that: i) The
TTA time of the 10 mg group was 1.4 days shorter than that
of the 5 mg group (P<0.001); ii) the TTA rates on day 5 in the
5 and 10 mg groups were 83 and 46%, respectively (P<0.001);
and iii) no significant differences in the incidence rates of
bleeding, re-embolism and over-anticoagulation with an
INR of >5.0 were detected between the two groups (P=0.09).
Farahmand et al (20) corroborated these results using the same
methodology. Mahtani ef al (21) performed a statistical analysis
of the data from 12 previous studies, and found that there is
still a considerable uncertainty between the use of a 5 mg and a
10 mg loading dose for the initiation of warfarin. Furthermore,
Suwanawiboon et al (22) investigated the associations between
various warfarin doses and first TTA time in patients with
heart valve replacement, with the results demonstrating that
the mean TTA time of the 2.5 mg group was greater than that
of the 5 mg group (P<0.0001). Furthermore, during treatment,
an INR of >2.6 was observed in 42.5 and 26.2% of the patients
in the 5 and 2.5 mg groups, respectively (P<0.05). Although
there were no cases of bleeding or re-embolism, on day 3 of
dose adjustment, 95.6% of patients in the 5 mg group required
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Table II. Univariate analysis of the first therapeutic-target-achieving time and initial dosage, heart failure and liver function.

Initial dosage (mg) Heart failure Liver function

Group 2.5 3 5 No Yes Normal Abnormal
I 12 (10.81) 41 (26.28) 15 (41.67) 54 (19.71) 14 (50.00) 52 (20.16) 16 (36.36)
I 27 (24.32) 43 (27.56) 10 (27.78) 74 (27.01) 6(21.43) 72 (2791) 8 (18.18)
111 49 (44.14) 51 (32.69) 8(22.22) 102 (37.23) 6(21.43) 90 (34.88) 18 (40.91)
v 23 (20.72) 21 (13.46) 3(8.33) 44 (16.06) 2(7.14) 44 (17.05) 2 (4.55)
x*/F 21.943 15.301 9971

P-value 0.001* <0.001° 0.019¢

Among groups, P<0.05 was considered significant. Data are presented as n (%). “P-value of first therapeutic-target-achieving (TTA) comparison
among the 2.5, 3 and 5 mg group. "P-value of first TTA compared to the heart and no heart failure groups. °P-value of the first TTA compared
between the normal liver and abnormal liver function groups. The ¥ test was used for statistical analysis.

Table III. Ordered logistic analysis of the first therapeutic-target-achieving time.

95% CI for OR
Indicator OR Wald's * P-value Lower bound Upper bound
Initial dosage (mg)
1(25) 4516 7.547 0.007 3.511 5.521
2(3) 2217 5.840 0.022 1.327 3.107
3(5) 1
BMI
0(18.5-23.9) 0.122 9.724 0.003 0.030 0.493
1 (24-26.9) 0.208 5.100 0.024 0.053 0.813
2 (27-29.9) 2.081 1.221 0.269 0.567 7.652
3 (>30) 1
Liver function
0 (abnormal) 0.011 7.699 0.006 0.002 0.068
1 (normal) 1
Heart failure
0 (yes) 0.025 8.740 0.002 0.003 0.190
1 (no) 1
Blood circulation-activating TCM
0 (not used) 1.863 3.583 0.058 0.978 3.547
1 (used) 1
Cephalosporin
0 (not used) 1.818 3.660 0.056 0.985 3.353
1 (used) 1
Levofloxacin
0 (not used) 1.375 10451 0.001 1.565 9.994
1 (used) 1

Among groups, P<0.05 was considered significant. Ordered logistic analysis was used for statistics. OR, odds ratio; CI, confidence interval;
BMI, body mass index.

a warfarin dose reduction; whereas only 53.5% of patients  in order to reduce the occurrence of excessive anticoagulation
in the 2.5 mg group required warfarin dose adjustments as  in patients with heart valve replacement, and the requirement
the INR in the 2.5 mg group was considerably more stable.  for dose adjustment, resulting in a stable TTA time to achieve
Therefore, a low loading dose of warfarin was recommended  effective anticoagulation.
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Table IV. Univariate analysis of the first therapeutic-target-achieving time.

Blood circulation-

Bleeding Efficacy

Levofloxacin activating drug

Cephalosporin

GONG et al:

Yes No Yes No Yes No Mild Severe Cured Improved

No

Group

50 (78.12)

14 (21.88)

0 (0.00)
6 (60.00)
2 (20.00)
2 (20.00)

12 (16.67)
18 (25.00)
30 (41.67)

36 (30.25) 46 (18.11)  22(4583)  20(17.24)  48(2581) 56 (25.45)
26 (22.41)

22 (18.49)
44 (36.97)

32 (17.49)

58 (31.69)

Ié\

60 (76.92)
84 (75.68)

18 (23.08)
27 (24.32)
12 (24.49)

56 (25.45)

54 (29.03)
67 (36.02)
17 (9.14)

16 (33.33)

64 (25.20)
100 (39.37)

1

FACTORS AFFECTING WARFARIN THERAPY FOR PULMONARY EMBOLISM

41 (35.34) 76 (34.55)
29 (25.00)

8 (16.67)
2 (4.17)

64 (34.97)

T

37 (75.51)

12 (16.67)

32 (14.55)

29(15.85) 17 (14.29) 44 (17.32)

v

0.928

0.671

2.254

11.160
0.001

23.671

<0.001

10.163

0.819

0.88

0.133

0.017

P-value

Among groups, P<0.05 was considered significant. “Data are presented as n (%). The y? test was used for statistical analysis.

The ‘Chinese Expert Consensus Towards Warfarin
Anticoagulation’ (23) recommends an initial dose of 1-3 mg
warfarin in Chinese populations in order to reach the target
range within 2-4 weeks. Thus, the recommended mean
dose of warfarin is lower in Chinese patients as compared
with Western populations, due to differences in hepatic
drug-metabolizing enzymes. The results of the present study
demonstrated that the TTA time of the 5 mg group was the
shortest, whereas that of the 2.5 mg group was the longest,
with the 3 mg group in between the two groups (P=0.001; a
comparison of the three groups, 2.5, 3 and 5 mg). However,
13 patients in the 5 mg group required repeated dosage
reductions or discontinued therapy and commenced therapy
with vitamin K1 (VitK) antagonists, which increased the risk
of bleeding. Therefore, 3 mg warfarin was used as the initial
dose in order to ensure the first TTA was achieved safely and
rapidly.

The results of the present study indicated that the first TTA
time was considerably increased in obese patients, which is
consistent with the results of previous studies. For example,
Wallace et al (24) investigated the association between BMI
and the first TTA time according to the foreign BMI classifica-
tion criteria. The results of this study demonstrated that ~50%
of patients with low/normal weight or overweight achieved
the required standards within day 6 of treatment (P<0.0001);
whereas 50% of obese and morbidly obese patients achieved
the standards on days 8 and 10 of treatment, respectively.
Furthermore, TTA rates were significantly lower in the obese
and morbidly obese patients, as compared with patients of a
normal weight prior to discharge (P=0.0004). The daily average
dose of warfarin was also increased in obese patients, as
compared with the patients without obesity (P<0.05). Therefore,
Wallace et al (24) concluded that BMI was associated with
the patient's sensitivity to warfarin, and could influence the
warfarin dose and initial TTA time. Another previous study
suggested that the reduced sensitivity of obese patients towards
warfarin was due to the increased drug distribution volume in
obese patients (25).

The results of the present study indicated that age and
gender had no effect on the first TTA time of warfarin therapy,
which is consistent with the conclusions of a previous study
conducted by Roberts e al (26). However, Jensen et al (27)
have previously demonstrated that the TTA time increases with
age. The metabolic clearance rate of warfarin would decrease,
whereas its protein-binding rate would not increase; thus,
Jensen et al (27) considered that age may affect an individual's
sensitivity to warfarin and first TTA time. Therefore, further
studies are required to investigate this phenomenon.

The majority of previous studies have suggested that patients
with decompensated heart failure may have an increased sensi-
tivity to warfarin (28). It has been speculated that the mechanism
may be associated with liver dysfunction and congestion (29).
Furthermore, Hylek er al (30) described the following oxygen
deficiency theory: The oxygen uptake capacity of liver cells
decreases when they are damaged, as the P450-linked drug
metabolism depends on oxygen supply, resulting in a decreased
clearance rate of warfarin and increased blood concentration,
followed by enhanced anticoagulant effects.

A previous study (31) demonstrated that when an equal
dose of double-coumarin was administered, the PT values of
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the moderate to severe heart failure (n=18), mild heart failure
(n=5) and control groups (n=48) increased by 9.7, 3.8 and
2.4 sec, respectively (P<0.05). Therefore, it was speculated
that the severity of heart failure was positively correlated
with the effect of coumarin metabolism. Warfarin is a type of
coumarin, and coumarin is a class of drugs that has a similar
effect. Furthermore, a previous study (32) have demonstrated
that patients with various degrees of heart failure are capable
of achieving the standards within 24 h of low-dose warfarin
therapy, with certain patients failing to meet the standards
with high-dose warfarin therapy, which is not consistent with
the conclusions of previous studies (33,34). The present study
suggested that the TTA time of patients with heart failure was
significantly decreased, as compared with patients without
heart failure. As the sample size of patients with heart failure
was small and heart failure was not classified according to the
cardiac ejection fraction in the present study, further studies
are required in order to confirm the effects of heart failure
severity on the first TTA time.

Polycyclic aromatic hydrocarbons produced by the incom-
plete combustion of cigarette smoke may induce the activities
of hepatic microsomal enzymes, including cytochrome 1A1
(CYP1Al), cytochrome 1A2 (CYP1A2) and cytochrome 2E1
(CYP2EI), which increases the clearance rate of warfarin and
mitigates its anticoagulant effects (35,36). To date, the effect
of smoking on the first TTA time remains uncertain. A prior
study (37) have demonstrated that the drug distribution volume,
steady-state level and half-life of warfarin were increased by
11, 13 and 23% following smoking cessation, whereas the
clearance rate decreased by 13%. Other studies (38,39) have
suggested that the use of warfarin in smokers is associated
with an increased INR following smoking cessation. By
contrast, McGriff-Lee ef al (40) suggested that smoking was
not correlated with INR changes following warfarin therapy.
The results of the present study demonstrated that the first TTA
time in smokers was significantly increased, as compared with
the non-smokers (P=0.107), and that smoking had no effect on
INR changes.

Although the 9th Edition Guideline of ACCP (7) consid-
ered that long-term alcohol intake may increase the metabolic
clearance rate of warfarin, the 21-day heavy liquor intake
(alcohol volume, 47.36 g/day) of healthy volunteers exhibited
minimal alterations in PT values, which is consistent with
the conclusion of the present study that alcohol intake had no
effect on the first TTA time of warfarin.

The liver is responsible for synthesizing ALB and clotting
factors, in addition to metabolizing drugs. Previous studies
have demonstrated that liver disease may result in a high INR,
suggesting that liver dysfunction may affect the first TTA time
of warfarin and increase the incidence of excessive antico-
agulation (41). The results of the present study demonstrated
that the first TTA time was significantly reduced in patients
with liver dysfunction, as compared with subjects with normal
liver function (P=0.019), which may increase the INR value;
this is consistent with the results of a previous study by
Denas et al (42). Furthermore, Abe et al (43)demonstrated that
long-term warfarin therapy in patients with end-stage renal
disease (ESRD) resulted in a significantly higher binding rate
of warfarin and ALB post-hemodialysis, as compared with
pre-hemodialysis. However, the INR value was reduced, which
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suggests that the ALB levels were negatively correlated with
INR changes, which was an important factor. Therefore, these
findings suggest that it is important to adjust the initial doses
of warfarin and closely monitor INR values in patients with
impaired liver function.

Previous human and animal experiments (44,45) have indi-
cated that the metabolic functions of the liver enzyme P450
were reduced by 40-85% in patients with ESRD, which resulted
in reduced clearance rates of non-renal metabolized drugs,
including warfarin, and an increased area under the curve.
Furthermore, consistent with plasma total protein and ALB,
patients with renal dysfunction exhibited <2-fold increases in
free warfarin, as compared with healthy subjects. Therefore,
ESRD may affect the metabolism of non-renal-pathway drugs
by decreasing the metabolic functions of the liver enzyme
P450 and reducing drug-protein binding, distribution volume
and acid-base balance. Limdi er al (46) have previously
demonstrated that in order to achieve the same intensity of
anticoagulation, patients with moderate to severe renal insuf-
ficiency require lower doses of warfarin, as compared with
patients with no or mild renal insufficiency (10-20%), and the
TTA time was also significantly reduced. Sakaan et al (47)
identified that chronic kidney disease and ESRD patients
require ~20% lower warfarin doses to maintain a therapeutic
INR, and may require less time to achieve a therapeutic INR
compared with patients with normal kidney function. In the
present study, Ccr could not be used to comprehensively
evaluate renal function as it only represents the glomerular
filtration rate; therefore, only cases with mild to moderate renal
insufficiency were included. The results of the present study
suggested that normal renal function and mild to moderate
renal insufficiency may not affect the first TTA time associ-
ated with warfarin therapy.

Warfarin is composed of two different active R-isomer
and S-isomers, which are metabolized by different P450 liver
enzymes (48). R-warfarin is metabolized by CYP1A2 and
cytochrome 3A4 (CYP3A4), whereas S-warfarin is metabo-
lized by cytochrome P450 2C9 (CYP2C9) (48). R-warfarin
may affect the activities of S-warfarin metabolic enzyme;
thus, the induction or inhibition of warfarin metabolic
enzymes may weaken or strengthen the anticoagulant effects
of warfarin (48). Furthermore, the efficacy of warfarin may
be affected by altering the bioavailability of VitK, under-
mining the absorption of warfarin, affecting the synthesis
and metabolism of VitK-dependent coagulation factors, and
changing the receptor affinities, which may lead to bleeding
and re-embolism (48).

The 9th ACCP guidelines (7) suggested thatantifungal drugs
such as quinolones, sulfonamides, macrolides and pyrroles,
may markedly enhance the anticoagulant effect of warfarin,
and amoxicillin and cephalosporins may only moderately
enhance its anticoagulant effect. The underlying mechanisms
of antibacterial drugs associated with the anticoagulant effect
of warfarin were as follows: (i) Competitively binding the
plasma proteins, thus increasing the concentrations of active
free warfarin; ii) inhibiting VitK synthesis by the intestinal
flora, thus reducing the generation of VitK-dependent coagu-
lation factors; and iii) inhibiting the activities of cytochrome
P450 enzyme, thus reducing the clearance rate of warfarin and
enhancing its anticoagulant effects.
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To date, a limited number of studies (49-52) have investi-
gated the impact of levofloxacin on the first TTA time and the
results of these studies remain controversial. Glasheen et al (49)
demonstrated that the INR values of warfarin users increased by
0.85 when treated with levofloxacin (P<0.05), and the incidence
rate of excessive anticoagulation (INR, >4) was 19% (P<0.05
vs. terazosin), which was consistent with the results of a study
conducted by Lane er al (50). Another previous study (51) demon-
strated that, when warfarin users were administered levofloxacin,
the INR values of 44% of patients were increased beyond the
therapeutic range and the doses required adjustment. The INR
values of 17% of patients were increased by ~1.0, and 11% of
patients exhibited INR values >4.0. These results suggested
that levofloxacin administration affected the anticoagulant
efficacy of warfarin and was capable of significantly increasing
INR values and decreasing the first TTA time, which was
consistent with the conclusions of the other two studies (49,50).
Yamreudeewong et al (52) observed no significant changes in the
INR of warfarin users who were administered levofloxacin for
5-10 days were prior to and following follow-up (2.61+0.44 vs.
2.74+0.83; P=0.419). Therefore, Yamreudeewong et al (52)
concluded that levofloxacin did not affect the anticoagulant effect
of warfarin. This pharmacokinetic study also demonstrated that
quinolones did not affect the pharmacokinetics of warfarin.

As there are a wide range of cephalosporins with variable
chemical structures and pharmacokinetics, there were notable
differences in the impact on the INR values (53-55). For
example, cephalosporins with a sulfur-methyl tetrazole side
chain, including cefmenoxime, cefamandole, cefminox and
cefoperazone, are capable of interfering with VitK circulation,
thus inhibiting the synthesis of prothrombin (48). Furthermore,
a previous study (56) have demonstrated that cefamandole,
which contains the sulfur-methyl tetrazole side chain, is capable
of inducing prothrombin time (PT) to prolong and decrease
the activities of factor VII; whereas ceftazidime had no effect
on these two parameters. Univariate analysis performed in the
present study demonstrated that cephalosporin had no effect
on the first TTA time; however, this was not confirmed in the
ordered logistic analysis.

In summary, antimicrobial drugs may affect the anticoagu-
lant effects of warfarin and increase INR values; thus, in order
to prevent adverse reactions, INR monitoring is required when
warfarin is administered in combination with antimicrobial
drugs.

Among the lipid-lowering statins, fluvastatin, simvastatin
and atorvastatin are CYP3A4 inhibitors (57); however, they
demonstrated varying effects of enhancing the anticoagula-
tion intensity of warfarins. Fluvastatin is a CYP3A4 inhibitor,
and following CYP2C9 metabolism has been demonstrated to
significantly enhance the anticoagulant effect of warfarin (57).
Following the metabolism of CYP3A4, simvastatin was capable
of reducing the clearance rate of R-warfarin, resulting in a
significant increase in the anticoagulant effect of warfarin by
simvastatin, and a 1.25-fold increased in the INR value (58). The
metabolic rate of atorvastatin by CYP3A4 was lower than that
of simvastatin; therefore, the enhanced effect of warfarin rapidly
subsided (48).

The present study indicated that glucocorticoids may increase
the risk of thrombosis, whereas the results regarding anticoagu-
lation when warfarin was combined with other pharmacological
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agents were inconsistent. A previous study (59) suggested that
corticosteroids may reduce the anticoagulant effects of warfarin.
However, Costedoat-Chalumcau et al (60) demonstrated that,
when combined with an intravenous infusion of 500 mg or
1 g methylprednisolone for >1 h, INR may increase to 8.04
(5.32-20), whereas no significant changes in INR were detected
in the methylprednisolone-treated control group. Therefore,
Costedoat-Chalumcau ef al (60) concluded that a large dose of
methylprednisolone was capable of enhancing the anticoagulant
effect of warfarin and increasing the risk of bleeding. Although
the interaction mechanism remains undetermined, previous
studies (61,62) have suggested that methylprednisolone reduces
the clearance rate of warfarin by inhibiting the liver enzyme
P450.

In the present study, the active ingredients of the blood
circulation-activating drugs were predominantly ginkgo,
angelica and salvia (63), which were demonstrated to reduce the
clearance rate of warfarin and enhance its anticoagulant effect,
resulting in increased INR values. These active ingredients
also inhibited platelet aggregation and increased blood clotting
enzyme factor III and fibrinolytic activity. Furthermore, angelica
contains coumarin derivatives, which could complement the
anticoagulant effects of warfarin and prolong PT (64). Ginkgo
preparation (31) could inhibit platelet activating factors to reduce
platelet aggregation, although its combination with warfarin
may increase the risk of bleeding.

A potential limitation of the present study was the failure
to investigate different countries with different populations.
Although evaluation of this information was desirable, this
was precluded by a variety of problems including the need for
case collection, cost considerations and a lack of researchers.
However, the initial aim was to assess the factors in the Chinese
population, with future studies investigating different countries
with additional populations in order to expand the scope of the
present study.

In conclusion, various factors affect the first TTA time associ-
ated with warfarin therapy, and these factors should be carefully
considered during clinical treatment with warfarin. The results
of the present study suggested that a high initial dose, increased
BMI, hepatic dysfunction, heart failure and levofloxacin admin-
istration may reduce the first TTA time associated with warfarin
therapy. Therefore, the initial dose of warfarin should be evalu-
ated on a individual basis, based on various factors including the
patient's BMI, liver function and the presence of heart failure, in
order to ensure the efficacy of anticoagulation, and other reason-
able pharmacological agents should be considered to facilitate
prompt and safe standard achievements.
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