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Additional file 2 Meta-analysis of high quality articles
After excluding low quality studies[7, 8, 28]，Six studies (Table 1) were included in the meta-analysis [4, 23-28]. Except for a lack of 28-day mortality data in Yang’s study [27], the remaining five studies all performed analyses of 28-day mortality. Raw data were directly provided in five of the six studies [4,23-25,27]. The data from one study [26] were obtained indirectly from the corresponding authors [29]. The abstract of Abraham’s study [25] indicated that 28-day mortality was the primary outcome; however, the specific time point was not shown in the results and tables. We included this study for 28-day mortality analysis after discussion. Five studies [4,23-25,27] were included in the meta-analysis of bleeding events. 

28-day mortality analysis
We performed analyses for five studies [4,23-26], which included 3383 participants (2323 participants were included in the patient group and 1060 participants in the control group). Within 28 days of admission, 698 (30.04%) died in the patient group, and 397 (37.45%) died in the control group (OR = 0.653; 95% CI = 0.558-0.764; P < 0.0001; I2 = 0.0%), indicating a statistically significant reduction in 28-day mortality in heparin-treated patients with sepsis (see Figure 2-1). There was no evidence of between-study heterogeneity (I2=0.0%), and a sensitivity analysis was not performed. 
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Figure 2-1 Forest plot of 28-day mortality
Subgroup analysis. Subgroup analysis was performed according to the different experimental designs of the five studies. The included studies were divided into two subgroups: an NRCT group and an RCT group. For the three NRCT studies, OR = 0.648, 95% CI = 0.550 -0.764, P < 0.001, and I2 = 6.7%. For the two RCT studies, OR = 0.707, 95% CI = 0.413 -1.201, P = 0.198, and I2 = 0.0%. Subgroup analysis indicated that the results of the NRCT group reached statistical significance. Although the results from the RCT group are not statistically significant, the high value of the 95% CIs (1.201) is very close to the invalid line. When heterogeneity was assessed in the different subgroups, there was either low-level or no heterogeneity (see Figure 2-2).
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Figure 2-2 Subgroup analysis of 28-day mortality(according to the different experimental designs)
Subgroup analysis was also performed according to sepsis severity. For the there studies on severe sepsis (defined as sepsis complicated by organ dysfunction and tissue hypoperfusion), OR = 0.648, 95% CI = 0.550 -0.764, P < 0.001, and I2 = 6.7%. For the two studies on non-severe sepsis, OR = 0.707, 95% CI = 0.413 -1.201, P = 0.198, and I2 = 0.0%. Heparin may have therapeutic effects in patients with severe sepsis. Similar to the subgroup analysis of the different experimental designs, the high 95% CIs from the sepsis group were also very close to the invalid line (see Figure 2-3).
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Figure 2-3 Subgroup analysis of 28-day mortality(according to sepsis severity)
Publication bias analysis. We also analyzed publication bias for 28-day mortality in the included studies. Because the response variables were dichotomous, publication bias was quantitatively examined using the Harbord test. The P-value was 0.753 in the 28-day mortality analysis, indicating that there was no evidence of publication bias in these studies (see Figure 2-4).
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Figure 2-4 The Harbord plot for 28-day mortality
The bleeding events analysis
We performed a statistical analysis on five studies [4, 23-26] that included 2664 participants (1742 participants in the patient group and 922 participants in the control group). There were 247 (14.17%) bleeding events in the patient group and 112 (12.14%) in the control group (OR = 1.035; 95% CI = 0.811-1.322; P = 0.782; I2 = 7.0%). The results failed to reach statistical significance, indicating that heparin has no effect on bleeding events in patients with sepsis (see Figure 2-5). 
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Figure 2-5 Forest plot of bleeding events
There was a low level of heterogeneity between studies, and a sensitivity analysis was not performed.
Subgroup analysis. To investigate whether the bleeding events were associated with sepsis severity, we conducted a subgroup analysis according to sepsis severity. For the severe sepsis group, OR = 1.046, 95% CI= 0.812 -1.349, P = 0.569, I2 = 7.4%; for the sepsis group, OR = 0.897, 95%CI = 0.354 -2.275, P = 0.819, I2  = 35.1%. The statistical results did not show that bleeding events were related to sepsis severity (see Figure 2-6). Subgroup analysis was performed to investigate the effects of different subgroups on heterogeneity. The included studies were divided into two subgroups: an NRCT group and an RCT group. For the two NRCT studies, OR= 1.046, 95%CI = 0.86 -1.36, P = 0.727, I2 = 7.4%. For the three RCT studies, OR = 0.89, 95%CI = 0.354 - 2.275, P = 0.819, and I2 = 35.1%. Four studies with sample sizes over 100 were included in this subgroup with an OR = 1.018, 95%CI = 0.796 - 1.302，P = 0.887, and I2 = 1.0%. Only one studies was included in the subgroup with sample sizes less than 100 with an OR =5.986，95%CI =0.0.278 -128.805，P =0.782. (see Figures 2-7, 2-8).
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Figure 2-6 Subgroup analysis hemorrhagic events(according to sepsis severity)
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Figure 2-7 Subgroup analysis hemorrhagic events(according to the different 
experimental designs)
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 Figure 2-8 Subgroup analysis hemorrhagic events(according to sample size) 
Publication bias analysis. The P-value was 0.701 in the bleeding events analysis (see Figure 2-9). 
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Figure 2-9 The Harbord plot for hemorrhagic events
The results of high quality articles have no difference with the results of all articles.
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Additional file 2-3 Subgroup analysis of 28-day mortality(according to sepsis severity)
Additional file 2-4 The Harbord plot for 28-day mortality
Additional file 2-5 Forest plot of bleeding events
Additional file 2-6 Subgroup analysis hemorrhagic events(according to sepsis severity)
Additional file 2-7 Subgroup analysis hemorrhagic events(according to the different 
experimental designs)
Additional file 2-8 Subgroup analysis hemorrhagic events(according to sample size)
Additional file 2-9 The Harbord plot for hemorrhagic events
Additional file 3 Outcome effect estimates
	Outcome
	N
	OR(95%Cl)
	POR
	I2 (P)
	Pharbord

	28-Day Morality
	
	
	
	
	

	Total
	8
	0.656(0.562,0.765) 
	<0.001
	0.0% (0.772)
	0.881

	NRCT
	3
	0.648(0.550,0.764) 
	<0.001
	6.7% (0.342)
	0.543

	RCT
	5
	0.717(0.458,1.122) 
	0.145
	0.0% (0.786)
	0.722

	Severe sepsis
	4
	0.650(0.552,0.766)
	<0.001
	0.0%(0.503)
	0.839

	Sepsis
	4
	0.702(0.443,1.115)
	0.134
	0.0%(0.659)
	0.470

	Bleeding event
	
	
	
	
	

	total
	7
	1.063(0.834,1.355)
	0.623
	20.9%(0.277)
	0.260

	Sample size<100
	3
	7.497(0.885,63.529)
	0.065
	0.0% (0.852)
	-

	Sample size>100
	4
	1.018(0.796,1.302) 
	0.887
	1.0% (0.387)
	0.722

	NRCT
	2
	1.045(0.802,1.362) 
	0.745
	7.4% (0.299)
	-

	RCT
	5
	1.524(0.369,6.292)
	0.561
	43.4%(0.151)
	0.308

	
	
	
	
	
	

	Severe sepsis
	3
	1.076(0.836 ,1.384)
	0.569 
	34.9%(0.215)
	-

	Sepsis
	4
	0.90(0.35,2.28)
	0.82
	35.1%(0.214)
	0.062


Additional file 4. Forest plot of 28-day mortality 
Additional file 5. Subgroup analysis of 28-day mortality(according to the different experimental designs)
Additional file 6. The Harbord plot for 28-day mortality


Additional file 7. Subgroup analysis hemorrhagic events(according to sepsis severity)
Additional file 8. Subgroup analysis hemorrhagic events(according to the different 
experimental designs) 

Additional file 9. Subgroup analysis hemorrhagic events(according to sample size) 

Additional file 10. The Harbord plot for hemorrhagic events

