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ABSTRACT 
Bleeding complications are a major contributor to hospitalization among cardiovascular patients on warfarin 
therapy, yet the causative factors remain incompletely characterized. This retrospective case-control 
study aimed to identify significant risk factors and their potential interaction in bleeding incidence among 
cardiovascular disease (CVD) patients at RSUD Kabupaten Tangerang. Medical-record data from CVD patients 
on warfarin hospitalized with or without bleeding between January 2023 and December 2024 were 
analyzed using JAMOVI, encompassing bivariate, multivariate, and interaction analyses. A total of 132 
patients were enrolled, comprising 44 (33.3%) cases with bleeding and 88 (66.7%) controls without bleeding. 
Fisher's exact test, employed due to sparse and unbalanced data, identified significant associations with herb 
use (p<0.001, OR=460), INR ≥3 (p<0.001, OR=8.33), and hypofibrinogenemia (p<0.001, OR=179). Firth's 
penalized logistic regression confirmed herb use (aOR=25.33, p<0.001) and hypofibrinogenemia (aOR=19.10, 
p<0.001) as independently and strongly associated with bleeding, with a strong model fit (Nagelkerke 
R²=0.854). However, the likelihood ratio test for the synergistic interaction between these two 
factors was not statistically significant (χ²=2.78, p=0.095). Overall, herb use and hypofibrinogenemia are 
independently risk factors for bleeding in warfarin-treated cardiovascular patients; the interaction between 
them was not statistically significant, so clinicians should screen for herb use and monitor fibrinogen levels. 
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Introduction 

Cardiovascular disease (CVD) remains the leading cause of mortality worldwide 

and represents a major public health challenge. According to global estimates, 

approximately 18.5 million deaths were attributed to CVD in 2019, and the burden is 

expected to continue increasing in the coming years [1]. In Indonesia, the prevalence of 

heart disease was reported as 0.85% of the total population in the 2023 National Health 

Survey [2].  

Patients with conditions such as atrial fibrillation and valvular heart disease 

frequently require long-term anticoagulation therapy to prevent thromboembolic 

complications [3,4]. Warfarin remains one of the most widely prescribed oral 

anticoagulants for these indications, exerting its effect by inhibiting vitamin K epoxide 

reductase and thereby reducing the synthesis of coagulation factors II, VII, IX, and X, as 

well as proteins C and S [5]. 

Despite its clinical benefits, warfarin carries a substantial risk of bleeding influenced 

by multiple patient (age and gender) and treatment-related factors (INR, duration, 

weekly dose), including drug interactions and coagulation abnormalities. In Indonesia
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,herbal medicine use has shown an increasing trend [6–

8], raising concerns regarding potential herb–warfarin 

pharmacokinetic and pharmacodynamic interactions 

that may potentiate bleeding risk [6,9,10]. 

Fibrinogen is essential for fibrin clot formation; 

hypofibrinogenemia may therefore increase bleeding 

risk by impairing haemostasis. Emerging evidence 

suggests that fibrinogen assessment provides clinically 

relevant information beyond conventional INR 

monitoring in warfarin-treated patients [11–13]. 

Although bleeding risk factors in warfarin-treated 

patients have been widely studied, evidence regarding 

the specific roles of herb use and hypofibrinogenemia 

remains limited, particularly in Indonesia. Moreover, 

their potential interaction and combined effect on 

bleeding risk have not been well characterized. This 

study, therefore, investigated the independent and 

interactive associations of herb use and 

hypofibrinogenemia with bleeding in hospitalized 

cardiovascular patients receiving warfarin. 

METHODS 

Study Design and Data Resource 

This retrospective case-control study used data 

from the electronic medical records (e-MR) of RSUD 

Kabupaten Tangerang, covering the period January 2023 

to December 2024. Cases were defined as warfarin-

treated cardiovascular patients hospitalized with 

bleeding events, while controls were warfarin-treated 

cardiovascular patients hospitalized during the same 

period without bleeding events. Patients discharged 

against medical advice or with incomplete medical 

records were excluded. Ethical approval was obtained 

from the Ethics Committee of the Faculty of Pharmacy, 

Universitas Pancasila (No. 239/KPEK-FFUP/II/2026). 

Variables 

Data extracted from e-MR included demographic 

characteristics (age, gender, smoking history) and 

clinical variables (duration of warfarin use, major drug 

interactions, herb use, INR, hypofibrinogenemia, and 

weekly warfarin dose). Age ≥60 years and weekly 

warfarin dose ≥23 mg were categorized according to 

thresholds reported in previous studies [14,15]. Major 

drug interactions were classified using the Medscape 

Drug Interaction Checker. Hypofibrinogenemia was 

defined as a fibrinogen level <200 mg/dL [16]. 

Information on herbal medicine use was obtained from 

physicians, nurses, and clinical pharmacists’ 

documentation recorded in the Integrated Patient 

Progress Notes (IPPN). 

Statistical analysis 

Nine predefined demographic and clinical 

variables (age, Gender, smoking history, duration of 

warfarin use, major drug interactions, herb use, INR ≥3, 

hypofibrinogenemia, and weekly warfarin dose) were 

summarized as frequencies and percentages. Bivariate 

associations between each variable and bleeding were 

assessed using the chi-square test. Because the frequency 

distribution for herb use and hypofibrinogenemia 

produced small expected cell counts (fewer than five in 

one cell), Fisher's exact test was used instead of the chi-

square test for these two variables to ensure valid 

bivariate inference. Variables that reached statistical 

significance at the bivariate level (p < 0.025) were 

subsequently entered into a multivariable logistic 

regression model to identify factors independently 

associated with bleeding. Because herb use and 

hypofibrinogenemia produced markedly large odds 

ratios with wide confidence intervals, indicative of 

quasi-complete separation, both variables were 

reanalyzed at the bivariate and multivariable levels 

using Firth's penalized logistic regression to obtain bias-

corrected effect estimates. To determine whether an 

interaction exists between herb use and 

hypofibrinogenemia, a multiplicative interaction term 

(herb use × hypofibrinogenemia) was incorporated into 

a binomial Generalized Linear Model with a logit link 

function. The statistical significance of this interaction 

term was subsequently evaluated using the likelihood 

ratio test (LRT). All analyses were performed using 

JAMOVI version 2.6.2, with Firth's regression 

implemented via the ClinicoPath module; a p-value 

<0.05 was considered statistically significant. 

Population and Samples 

All eligible cardiovascular patients receiving 

warfarin therapy at Tangerang Regency General 

Hospital between January 2023 and December 2024 were 

included. A total sampling method was employed using  
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 secondary data from electronic medical records (e-MR). 

Since sample sizes for odds ratios specific to herb use 

and hypofibrinogenemia in warfarin-treated 

cardiovascular populations were not available in the 

literature at the time of protocol development, sample 

size estimation was instead based on odds ratios for 

smoking history and vegetable consumption reported in 

comparable studies (Table 1) [14,17]. with the largest 

and most conservative estimate selected.   

Hipotesis Test Formula K control per case [18] 

𝑃! =	
(𝑂𝑅)	𝑥	𝑃"

((𝑂𝑅)	𝑥	𝑃") +	(1 − 𝑃")
 

Information: 
P! 			= Proportion	of	subjects	exposed	to	case	group    
P" 			=

	Proportion	of	subject	expose	to	the	control	group   
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Information: 
	r = 	comparison	of	case	and	controls			 

 P" =	P. =
Propotion	of	subject	exporse	to	the	control	group	 

We used a 1:2 comparison ratio because the 

number of cases of concern was small, given the low 

incidence of bleeding in patients with cardiovascular 

disease receiving warfarin therapy.  

Sample size estimation was based on the odds ratio 

for dietary history (vegetable consumption) reported in 

a previous study (OR = 2.99; prevalence = 35.4%; Table 

1). This variable was chosen because its relatively high 

prevalence generated the largest and most conservative 

sample size requirement. Using a 1:2 case-to-control 

ratio, a 95% confidence level, and 80% power, the 

minimum sample size was estimated at 40 cases and 80 

controls. Allowing for a 10% dropout rate, the final 

required sample comprised 44 cases and 88 controls. 

RESULT AND DISCUSSION 

A total of 132 hospitalized cardiovascular patients 

receiving warfarin therapy were included, comprising 

44 patients with bleeding (33.3%) and 88 without 

bleeding (66.7%). Baseline demographic and clinical 

characteristics are presented in Table 2 and Figure 1.  

Demographic characteristics 

Three demographic factors were evaluated: age, 

sex, and smoking history. Patients aged ≥60 years 

accounted for 46 (34.8%), of whom 10 

(7.6%) experienced bleeding, and 36 

(27.3%) did not. Among the 86 patients 

aged <60 years (65.2%), 34 (25.8%) had 

bleeding, and 52 (39.4%) did not. Females 

represented a larger proportion of the population 

(n = 73, 55.3%), with 28 (21.2%) experiencing bleeding 

compared with 45 (34.1%) not experiencing bleeding. 

Among 59 male patients (44.7%), 16 (12.1%) had 

bleeding, and 43 (32.6%) did not. Regarding smoking 

history, 51 patients (38.6%) had smoked; bleeding 

occurred in 21 (15.9%) compared with 30 (22.7%) who 

did not bleed. Among 81 never-smokers (61.4%), 23 

(17.4%) experienced bleeding versus 58 (43.9%). 

Clinical characteristics 

The independent variables analyzed in this study 

included duration of warfarin use, weekly warfarin 

dose, INR, hypofibrinogenemia, major drug 

interactions, and herb use. Additional data on patients' 

history of herb use and the clinical indications for 

warfarin therapy were also collected. 

Regarding the duration of warfarin therapy, 99 

patients (75.0%) had received warfarin for ≥1 year; of 

these, 36 (27.3%) experienced bleeding, and 63 (47.7%) 

did not. In contrast, 33 patients (25.0%) had received  

Table 1.  Odds Ratio from Previous Studies Used for 
Sample Size Estimation 

No Risk Factors Odds 
ratio (OR) 

Prevalence 
(%) 

1 Smoking 
History 

2.89 22.8 

2 Food History 
(Vegetable 

Consumption) 

2.99 35.4 

 

𝑛 =
Q𝑍!-	/𝑥S(1 + 1/𝑘)𝑥(𝑃𝑥(1 − 𝑃)	+ (𝑍!-0𝑥S(𝑃!(1 − 𝑃!) 	+ (𝑃"𝑥(1 − 𝑃"))/𝑘V

"
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warfarin for <1 year, including 8 (6.1%) with bleeding 

events and 25 (18.9%) without bleeding. 

For the weekly warfarin dose, 30 patients (22.7%) 

received ≥23 mg/week; 11 (8.3%) experienced bleeding, 

and 19 (14.4%) did not. Meanwhile, 102 patients (77.3%) 

received <23 mg/week; among them, 33 (25.0%) 

experienced bleeding and 69 (52.3%) did not. 

With respect to anticoagulation status, 13 patients 

(9.8%) had an INR ≥3.0, including 10 (7.6%) who 

experienced bleeding and 3 (2.3%) who did not. 

Conversely, 119 patients (90.2%) had an INR <3.0, of 

whom 34 (25.8%) experienced bleeding, and 85 (64.4%) 

did not. Hypofibrinogenemia was observed in 41 

patients (31.1%), with bleeding occurring in 38 patients 

(28.8%) and no bleeding in 3 patients (2.3%). In 

comparison, 91 patients (68.9%) had normal fibrinogen 

levels, among whom 6 (4.5%) experienced bleeding, and 

85 (64.4%) did not. 

Major drug interactions involving warfarin were 

identified in 31 patients (23.5%), including 9 patients 

(6.8%) with bleeding events and 22 patients (16.7%) 

without bleeding. In contrast, 101 patients (76.5%) had 

no major drug interactions, of whom 35 (26.51%) 

experienced bleeding and 66 (49.99%) did not. Herb use 

was reported in 38 patients (28.8%). Among these 

patients, 37 (28.0%) experienced bleeding, whereas only 

1 patient (0.8%) did not. Conversely, 94 patients (71.2%) 

had no history of herb use; among them, 7 patients 

(5.3%) experienced bleeding and 87 patients (65.9%) did 

not. 

ANALYSES 

Bivariate 

Bivariate analysis identified 

three factors significantly 

associated with bleeding; these 

associations have also been 

reported in a companion analysis 

of the data set [19] and are 

presented here only as the basis for 

the multivariate model below. The 

extremely large ORs for herb use 

and hypofibrinogenemia signaled 

quasi-complete separation (37 of 38 

Herb Users experienced bleeding), 

so Firth’s penalized logistic 

regression applied, yielding bias-corrected estimates for 

herb use (291.66; 95% CI: 47.48–1791.84; p < 0.001) and 

hypofibrinogenemia (144.69; 95% CI: 36.87–567.88; 

p < 0.001) (Table 3). Both associations remained 

statistically significant after correction, although the 

wide confidence intervals reflect residual impression 

form sparse data in the non-bleeding stratum. 

Multivariate 

Multivariable logistic regression with Firth’s 

correction identified herb use (aOR = 25.33, 95% CI: 

3.60–185.42; p < 0.001) and hypofibrinogenemia 

(aOR = 19.10, 95% CI: 3.19–114.29; p < 0.001) as the 

strongest independent association of bleeding (Table 3). 

INR ≥3 was no longer statistically significant after 

adjustment (aOR = 3.69, 95% CI: 0.33–41.30; p = 0.321), 

but was retained in the final model because it met the 

pre-specified bivariate entry criterion (p < 0.025); it was 

not removed post hoc, since further variable elimination 

in a dataset already affected by quasi-complete 

separation risk destabilizing the remaining estimates. 

The model demonstrated strong explanatory power 

(Nagelkerke R² = 0.854), and the reduction in effect 

estimates after penalization is consistent with genuine 

associations of herb use and hypofibrinogemia rather 

than a pure artefact of separation. 

 

 

Figure 1. Risk Factors for Bleeding in Warfarin-Treated Patients 
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Demographic and Clinical Factors Not Associated with 
Bleeding 

Age, sex, smoking history, duration of warfarin 

use, major drug interactions, and weekly warfarin dose 

were not independently associated with bleeding after 

multivariate adjustment. The absence of a sex effect is 

consistent with previous findings in warfarin-treated 

populations [14]. The non-significant association with 

Table 2.  Patients Demographic and Clinical Characteristics (n=132) 

Patient Characteristic Frequency (n) Percentage (%) 
Bleeding 

  Bleeding 44 33.3 

  Without Bleeding 88 66.7 

Age  

  ≥ 60 years 46 34.8 

  < 60 years  86 65.2 

Gender 

  Female 73 55.3 

  Male 59 44.7 

Smoking History 

  No Smoking 81 61.4 

  Smoking 51 38.6 

Duration of warfarin use 

  ≥ 1 year  99 75 

  < 1 year 33 25 

Major drug interactions 

  No 101 76.5 

  Yes 31 23.5 

Herb Use 

  No 94 71.2 

  Yes 38 28.8 

INR ≥ 3 

  Yes 13 9.8 

  No 119 90.2 

Hypofibrinogenemia 

  Yes 41 31.1 

  No 91 68.9 

Weekly dose ≥ 23 mg 

  Yes 30 22.7 

  No 102 77.3 

Herb Use 

  Garlic 11 28.9 

  Ginger Herb 9 23.7 

  Turmeric Herb 8 21.1 

  Combination 3 (Garlic, Ginger, Tumeric) 4 10.6 

  Combination 2 (Ginger & Tumeric) 2 5.2 

  Green Tea 2 5.2 

  Other (Mango and Tape) 2 5.2 
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smoking may reflect CYP1A2 induction by smoking, 

which accelerates warfarin metabolism and reduces 

anticoagulant exposure [9,20], an effect documented in 

Southeast Asian populations [21]. Major drug 

interactions, higher warfarin doses, and longer 

treatment duration have been linked to bleeding in other 

studies [9,22]. but their effects were attenuated in the 

present analysis, likely because of the dominant 

influence of herb use and hypofibrinogenemia. 

Although INR ≥3 was associated with bleeding in the 

bivariate analysis (Table 3), the loss of significance after 

adjustment suggests that INR alone inadequately 

captures the full spectrum of homeostatic risk in this 

cohort [23].  

Herb Use as a Predominant Risk Factor for Bleeding 

Herb use emerged as the factor most strongly and 

independently associated with bleeding (Table 3). 

Given the increasing prevalence of herbal medicine use 

in Indonesia, rising from 49.53% in 2010 to 62.3% in 2021 

[6–8], concomitant herb–warfarin use represents an 

important but underrecognized contributor to bleeding 

risk. In this cohort, the most frequently used herbs were 

garlic (Allium sativum, 28.95%), ginger (Zingiber 

officinale, 23.68%), and turmeric (Curcuma longa, 

21.05%) (Table 2), each possessing pharmacologically 

active constituents capable of potentiating warfarin’s 

anticoagulant effects through distinct and overlapping 

mechanisms. 

Garlic contains S-allylmercaptocysteine (SAMC), a 

compound demonstrated in silico to inhibit CYP3A4, an 

enzyme responsible for the biotransformation of R-

warfarin, potentially elevating plasma warfarin 

concentrations and prolonging anticoagulation [24]. 

Additionally, garlic may impair platelet aggregation, 

further contributing to homeostatic dysfunction. Ginger 

contains flavonoids and terpenoids that interact with 

multiple CYP450 isoforms, including CYP1A2, 2C9, 

2C19, 2D6, and 3A4/5, thereby prolonging warfarin 

metabolism and elevating INR. A clinically documented 

case reported supratherapeutic INR elevation exceeding 

10 following sustained ginger ingestion in a 76-year-old 

patient receiving warfarin therapy [25]. Turmeric 

enhances warfarin's anticoagulant activity by 

simultaneously increasing prostaglandin PGI₂ synthesis, 

reducing thromboxane A₂ (TXA₂) production, 

modulating cyclic adenosine monophosphate (cAMP) 

levels in platelets, and inhibiting CYP450 enzymes 

[25,26].  

Patients may also perceive herbal products as safer 

than conventional medicines, and limited knowledge of 

warfarin therapy and herb–drug interactions may 

contribute to inappropriate concomitant use [27,28]. 

Previous studies have reported considerably smaller 

effect sizes for herb–warfarin interactions and bleeding 

risk (OR 1.08–3.40) [10,17,29–31]. compared with the 

adjusted OR of 25.33 observed in this study, likely 

reflecting differences in sample size, study design, and 

patterns of herb consumption, particularly the frequent 

use of garlic, ginger, and turmeric in this population. 

Hypofibrinogenemia as an Independent 

Hypofibrinogenemia remained independently 

associated with bleeding after Firth correction, whereas 

INR ≥3 was no longer significant (Table 3). This finding 

suggests that fibrinogen status provides additional 

homeostatic information beyond conventional INR 

monitoring. Hypofibrinogenemia may arise from 

multiple mechanisms in warfarin-treated patients, 

including inherited fibrinogen disorders, hepatic 

dysfunction, disseminated intravascular coagulation 

(DIC), thrombolytic therapy, and long-term warfarin 

use, altering coagulation–fibrinolysis balance [11,32]. 

Warfarin-induced hypofibrinogenemia may occur 

through mechanisms beyond its inhibition of vitamin K-

dependent clotting factors. Reduced thrombin 

generation impairs fibrin clot formation and decreases 

activation of Thrombin-Activatable Fibrinolysis 

Inhibitor (TAFI), resulting in enhanced fibrinolysis and 

increased fibrinogen consumption. This process may 

contribute to hypofibrinogenemia and further increase 

bleeding susceptibility [13,33]. These pathways suggest 

that INR elevation does not fully capture fibrinogen-

related homeostatic abnormalities, a finding 

corroborated by Hoppensteadt et al [34]. The proposed 

pathway is illustrated in Figure 2. 

Interaction and Model Performance  

The likelihood ratio test showed no significant 

interaction between herb use and hypofibrinogenemia 

(χ² = 2.78, df = 1, p = 0.095); the interaction term was  
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Table 3. Bivariate and Multivariate Analyses 

Category Bivariate Multivariate 

Factors Odds ratio 
(95% CI)1 

Crude Odds 
Ratio3 

(95% CI) 
p-value1* Odds ratio 

(95% CI)2 
Adjusted Odds Ratio3 

(95% CI) p-value2 χ² 4 R²N p-value4 

Age    

  ≥60 Year 0.43 
(0.19- 0.97) 

- 
0.04 - - - 

   
  <60 years     

Gender    

  Female 0.6 
(0.24-1.26) 

- 
0.17 - - - 

   
  Male    

Smoking History    

  No Smoking 1.77 
(0.84-3.69) 

- 
0.13 - - - 

   
  Smoking    

Duration of warfarin use    

  ≥1 Year  1.79 
(0.73-4.37) 

- 
0.2 - - - 

   
  < 1 Year    

Major drug interactions    

  No 0.73 
(0.3-1.74) 

- 
0.47 - - - 

   
  Yes    

Herb Use** 2.78 0.854 0.095 

  Yes 460 
(54.6-3871) 

291.66 
(47.48-1791.84) 

<0.001 72.79 
(5.69-931.03) 

25.33 
(3.6-185.42) 

<0.001    
  No 

Hypofibrinogenemia**    

  Yes 179 
(42.6-756) 

144.69 
(36.87-567.88) 

<0.001 40.31 
(4.86-334.46) 

19.10 
(3.19-114.29) 

<0.001    
  No  

INR    

  INR ≥3 8.33 
(2.16-32.1) 

7.44 
(1.99-27.74) 

<0.001 4.78 
(0.22-104.86) 

3.69 
(0.33-41.30) 

0.321    
  INR <3 

Weekly Dose    

  ≥23 mg 1.21 
(0.52-2.83) 

- 
0.66 - - -    

  <23 mg    

Notes: *  p-value = <0,025 
**Fisher’s Exact test 

R²N   = N Nagelkerge      
χ²     = Chi-square 

1     = chi-square 
2     = Binary Logistic 

3      = Firth Logistic Regression  
4      = Generalised linear Mode (Herb Use x 
Hypofibrinogenemia) 
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therefore excluded from the 

final model. Although the 

interaction term approached but 

did not reach statistical 

significance (p = 0.095), its 

exclusion is consistent with the 

clinical interpretation of an 

additive rather than synergistic 

combined effect. In the final 

model, herb use (aOR = 25.33, 

95% CI: 3.60–185.42; p < 0.001) 

and hypofibrinogenemia (aOR = 

19.10, 95% CI: 3.19–114.29; p < 

0.001) remained independently 

associated with bleeding. The 

model showed strong 

explanatory power (Nagelkerke 

R² = 0.854), though this may 

partly reflect the quasi-complete 

separation in the data (37 of 38 

herb users experienced bleeding) rather than genuine 

model strength. Firth's correction reduced coefficient 

inflation while preserving explanatory capacity; both 

associations remained statistically significant, although 

the wide confidence intervals indicate that precision, 

rather than robustness, more accurately characterises 

these estimates 

LIMITATIONS 

This study has several limitations. The relatively 

small sample size (n = 132) and limited number of 

bleeding events (n = 44) resulted in wide confidence 

intervals and may have reduced the precision of the 

estimates. The retrospective design and reliance on 

electronic medical records introduce the potential for 

information bias, and patient-reported herb use may 

introduce recall bias. The single-center setting limits the 

generalizability of the findings. The role of INR as both 

a marker of anticoagulation intensity and a potential 

bleeding risk factor may introduce a degree of circularity 

that warrants cautious interpretation. Herb use was 

analyzed as a composite binary variable due to the 

limited sample size for each herb subtype, which may 

obscure heterogeneity in bleeding risk across individual 

herbal products. Future prospective multicenter studies 

with larger sample sizes are warranted. 

CONCLUSION 

Herb use and hypofibrinogenemia each 

independently associated with bleeding risk in 

cardiovascular patients on warfarin therapy; the 

interaction between them was not statistically significant 

(p = 0.095), so these results do not support a synergistic 

effect. INR remains an important anticoagulation 

marker, but bleeding risk also depends on haemostatic 

mechanisms it does not capture. Clinicians should track 

fibrinogen status and screen for concomitant herbal 

medicine use to sharpen bleeding risk stratification and 

manage warfarin therapy mode safely. 
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‘Analisis Faktor Risiko Penyebab Perdarahan Pasien 
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