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1  |  INTRODUC TION

Coagulation tests, mainly including prothrombin time (PT), interna-
tional normalized ratio (INR), activated partial thromboplastin time 
(aPTT), thrombin time (TT), and fibrinogen (FIB), are widely used in 
the clinic for anticoagulatant monitoring, evaluation of hemorrhage, 
and routine preoperative screening.1,2 It is important to establish 

reference intervals to evaluate coagulation test results. Recently, 
associations between ABO blood type and coagulation test values 
have been shown. It was reported that there is a higher aPTT value in 
healthy volunteers with type O blood than in those with the non- O 
blood types,3– 5 while PT does not differ among ABO blood groups.5 
Although coagulation tests are widely used and determination of 
whether the results are normal or abnormal has been interpreted 
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Abstract
Introduction: Coagulation tests are affected by many factors, such as age, race, and 
gestation. Although coagulation test results vary by ABO blood type, reference in-
tervals of different ABO blood groups remain to be determined. This study aims to 
investigate the reference ranges of coagulation tests for different ABO blood groups 
in the Han population in South China.
Methods: A retrospective study was conducted in the First Affiliated Hospital of 
Shantou University Medical College. In all, 9600 individuals aged between 20 and 
79 years were included. Coagulation tests, including prothrombin time (PT), interna-
tional normalized ratio (INR), activated partial thromboplastin time (aPTT), thrombin 
time, and fibrinogen, were performed.
Results: There was a significant difference in PT, INR, and aPTT among ABO blood 
groups. PT and INR varied slightly between ABO blood groups. There was a higher 
aPTT value in individuals in the O blood group than in those in non- O blood groups, in 
both males and females across the included age range. No differences were found in 
thrombin time and fibrinogen between the ABO blood groups.
Conclusion: The study provides reference data on coagulation tests from ABO blood 
groups in South China. The established reference intervals specific to ABO blood 
type, sex, and age may improve clinical decisions based on coagulation tests.
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using reference intervals,6,7 reference intervals for coagulation tests 
did not consider the influence of ABO blood type on test results. 
Therefore, it is essential to establish ABO blood type- specific refer-
ence intervals for coagulation tests.

Although there are 56 ethnic groups in China, the Han eth-
nic group accounted for 91.11% of the total population in 2020 
during the seventh national census.8 In Chaoshan District, 99% 
of the population was of the Han ethnic group. This study aimed 
to investigate the reference ranges of coagulation tests for ABO 
blood groups among the Han population in Chaoshan District 
of Guangdong Province in South China. Furthermore, the influ-
ences of age and sex on the results of coagulation tests were also 
investigated.

2  |  METHODS

A retrospective descriptive study was conducted in the First Affiliated 
Hospital	 of	 Shantou	University	Medical	 College.	 Between	 January	
2015 and September 2019, coagulation testing was continuously re-
viewed, and results were collected from inpatients aged between 20 
and 79 years who had not been diagnosed with diseases, including 
acute infections, severe hepatic or renal dysfunction, and coagulation 
abnormalities. The individuals were divided into groups according to 
their ABO blood type, age, and sex. A total of 9600 individuals were 
included. Coagulation tests included PT, INR, aPTT, TT, and FIB. The 
study was approved by the ethics committee of the First Affiliated 
Hospital of Shantou University Medical College (No. B- 2021- 203).

TA B L E  1 Coagulation	assays	of	healthy	adults	with	ABO	blood	types

ABO blood types A B AB O p Value

Total number 2400 2400 2400 2400

Age (years) 49.438 ± 17.223 49.260 ± 17.133 49.327 ± 16.989 49.433 ± 17.034 0.980

PT (s)

Total 11.143 ± 0.607 11.160 ± 0.606 11.125 ± 0.599 11.208 ± 0.634 0.000

95% reference range 10.000~12.400 10.000~12.500 10.000~12.400 10.100~12.500

Male 11.195 ± 0.631 11.163 ± 0.607 11.134 ± 0.592 11.205 ± 0.631 0.020

Female 11.091 ± 0.578 11.157 ± 0.604 11.116 ± 0.606 11.211 ± 0.636 0.000

INR

Total 0.969 ± 0.053 0.971 ± 0.054 0.967 ± 0.053 0.975 ± 0.056 0.000

95% reference range 0.870~1.089 0.870~1.100 0.870~1.080 0.880~1.100

Male 0.974 ± 0.055 0.971 ± 0.054 0.968 ± 0.052 0.975 ± 0.055 0.011

Female 0.964 ± 0.051 0.970 ± 0.054 0.967 ± 0.054 0.975 ± 0.056 0.000

aPTT (s)

Total 28.289 ± 2.569 28.251 ± 2.529 28.116 ± 2.547 29.428 ± 2.553a 0.000

95% reference range 24.400~33.700 24.400~33.500 24.300~33.700 25.300~34.300

Male 28.272 ± 2.558 28.211 ± 2.532 28.242 ± 2.601 29.468 ± 2.508a 0.000

Female 28.306 ± 2.581 28.291 ± 2.528 27.991 ± 2.488b 29.388 ± 2.598a 0.000

TT (s)

Total 17.796 ± 1.437 17.718 ± 1.427 17.779 ± 1.512 17.777 ± 1.453 0.268

95% reference range 15.102~20.700 14.900~20.600 14.900~20.800 14.900~20.700

Male 17.775 ± 1.438 17.643 ± 1.431 17.739 ± 1.508 17.750 ± 1.482 0.132

Female 17.816 ± 1.435 17.792 ± 1.420 17.819 ± 1.515 17.805 ± 1.424 0.969

FIB (g/L)

Total 2.973 ± 0.547 2.973 ± 0.561 2.971 ± 0.551 2.980 ± 0.558 0.947

95% reference range 2.080~3.960 2.060~3.989 2.040~3.960 2.070~3.960

Male 3.003 ± 0.556 2.996 ± 0.560 3.003 ± 0.561 2.975 ± 0.564 0.590

Female 2.943 ± 0.536 2.951 ± 0.561 2.940 ± 0.539 2.985 ± 0.552 0.158

Note: Values are shown as the mean ± standard deviation.
Abbreviations: aPTT, activated partial thromboplastin time; FIB, fibrinogen; INR, international normalized ratio; PT, prothrombin time; TT, thrombin 
time.
aO blood group vs. A, B, and AB blood groups, p < 0.05.
bAB blood group vs. A and B blood groups, p < 0.05.
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Data are expressed as the mean ± SD. Differences between 
group means were assessed by an unpaired Student's t test for 
single comparisons or by ANOVA for multiple comparisons using 
SPSS 25.0. A p value < 0.05 was considered to indicate statistical 
significance.

3  |  RESULTS

Among 9600 individuals with available ABO blood types, there were 
2,400 people in each ABO blood group. As shown in Table 1, dif-
ferences in age, TT, and FIB between ABO blood groups were not 
significant. Individuals with type O blood had prolonged PT and INR 
compared with individuals with non- O blood types. There were no 
differences in PT and INR between the A, B, and AB blood groups. 
The differences in PT and INR between females and males were sig-
nificant in the type A blood group but not in other blood groups. 
Although there were higher values of PT and INR in individuals with 
type O blood than in those with non- O blood types, the differences 
were approximately 0.08 s and 0.008, respectively, which may have 
no clinical significance.

It has been demonstrated that individuals with type O blood have 
a higher aPTT than those with non- O blood types.3– 5 Furthermore, 
aPTT varied with race. In the present study, individuals with type O 
blood also had significantly higher aPTT values than individuals with 
types A, B, and AB blood (29.428 ± 2.553 s vs. 28.289 ± 2.569 s, 
28.251 ± 2.529 s, and 28.116 ± 2.547 s, respectively, p < 0.05). There 
was no difference in aPTT among the A, B, and AB blood groups. The 
95% reference ranges of aPTT in the blood groups of A, B, AB, and 
O were 24.400~33.700 s, 24.400~33.500 s, 24.300~33.700 s, and 
25.300~34.300 s, respectively. aPTT was affected by sex in blood 
group AB but not in the other ABO blood groups, with higher values 
in males than in females (as shown in Table 1).

The concentrations of most coagulation proteins vary signifi-
cantly with age.9 It was reported that aPTT was prolonged in infants9 
and children10 compared with adults.

To investigate the effect of age on coagulation tests, coagula-
tion assays were analyzed based on ages from 20 to 79 (as shown 
in Table 2). There were significant age- related differences in aPTT 
in all ABO blood groups in females and in the A and O blood groups 
in males. Age- , sex- , and ABO- specific reference intervals for aPTT, 
PT, INR, TT, and FIB in the A, B, AB, and O blood groups are shown 
in Figures 1– 4.

4  |  DISCUSSION

Coagulation tests are widely used in the clinic to detect hemostatic 
abnormalities and in preoperative evaluations. PT, aPTT, TT, INR, 
and FIB are commonly performed coagulation tests. Reference in-
tervals are used to decide whether coagulation tests are normal or 
abnormal. Many factors, such as biological factors and methodologi-
cal factors, affect reference intervals11; therefore, it is necessary to G
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standardize these factors. However, it is impossible to eliminate the 
influence of sex, age, race, and similar factors on reference inter-
vals,11 and dividing reference intervals into appropriate groups is im-
portant. Coagulation tests are also affected by sex, age, race,3– 5 and 
physiological differences such as gestation.12,13 Reference intervals 
of coagulation tests have been reported for pediatrics, adults, and 
gestation among different ethnic groups.9,12– 17

Recently, associations between ABO blood groups and coag-
ulation tests have been shown. It was reported that there were 

significantly prolonged values of aPTT in adults with type O blood 
than in those with non- O blood types,3– 5 while the difference in PT 
among ABO blood groups was not significant.5 However, the sample 
sizes in these studies were small, and reference intervals for differ-
ent ABO blood groups were not known. Establishing reference inter-
vals with large sample sizes is needed.

In the present study, we evaluated coagulation tests in 9600 
Chinese individuals. We found that the individuals with blood type O 
had prolonged aPTT compared with those with non- O blood types. 

F I G U R E  1 Age-		and	sex-	specific	95%	reference	intervals	for	prothrombin	time,	international	normalized	ratio	(INR),	activated	partial	
thromboplastin time (aPTT), thrombin time, and fibrinogen in the A blood group. 95% reference intervals for men (white boxes) and women 
(black boxes) for specific age groups
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aPTT in individuals aged between 20 and 79 with type O blood was 
higher than in those with non- O blood types, in both males and fe-
males. aPTT was significantly higher in males than in females in the AB 
blood group. The study showed that ABO blood type- specific refer-
ence values of aPTT are essential for the accurate interpretation of co-
agulation test results with individuals of different ABO blood groups.

There were higher PT and INR in the individuals with blood 
type O than in those with non- O blood types in the present study, 
which is discordant with the previous study by Choi Q et al. in 2015, 

showing that PT was not affected by ABO blood group.5 The mean 
PT and INR differed by approximately 0.08 s and 0.008, respectively, 
in those with type O blood versus those with type non- O blood. It 
seems that significant differences in PT and INR among ABO blood 
groups were associated with the large sample size in the present 
study, which allows for the detection of minor variations. This differ-
ence may have no clinical significance.

The mechanisms of higher aPTT in individuals with blood type 
O are not well known. ABO blood type is associated with von 

F I G U R E  2 Age-		and	sex-	specific	95%	reference	intervals	for	prothrombin	time,	international	normalized	ratio	(INR),	activated	partial	
thromboplastin time (aPTT), thrombin time, and fibrinogen in the B blood group. 95% reference intervals for men (white boxes) and women 
(black boxes) for specific age groups
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Willebrand factor (vWF) and factor (F) VIII, with lower levels of vWF 
and FVIII in people with blood type O than in those with non- O 
blood types.18,19 It was reported that increased FVIII can shorten 
aPTT,20 which suggested that variations in aPTT can be partly ex-
plained by the ABO type.5

There were some limitations in the present study. First, it was 
a retrospective study, and coagulation tests were collected from 
inpatients, which may differ from t a healthy population. We can-
not exclude unknown factors affecting coagulation test results. 

Second, the individuals in the present study were aged from 20 to 
79 years old. It was reported that the median time of aPTT and TT 
was significantly prolonged in all pediatric age groups compared 
with the adult group in a previous study10; therefore, reference 
values of the individuals aged below 20 years remained to be de-
termined. Finally, due to race- based differences in aPTT,21 the ref-
erence range of coagulation assays in a healthy population in the 
Chaoshan region may be different from that in other populations 
in China.

F I G U R E  3 Age-		and	sex-	specific	95%	reference	intervals	for	prothrombin	time,	international	normalized	ratio	(INR),	activated	partial	
thromboplastin time (aPTT), thrombin time, and fibrinogen in the AB blood group. 95% reference intervals for men (white boxes) and women 
(black boxes) for specific age groups
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5 | CONCLUSION

In summary, the present study established ABO blood type- specific 
reference intervals for coagulation tests and provided age-  and sex- 
related reference intervals. The reference intervals in the present 
study showed significant variation in aPTT with ABO blood groups, 
suggesting that ABO blood groups should be evaluated using refer-
ence ranges of coagulation tests.
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