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ABSTRACT 
 

Prothrombin time (PT) and activated partial thromboplastin time (APTT) are used to assess blood 
coagulation disorders. Use of reference intervals from a different population may result in 
misinterpretation and misdiagnoses as the reference intervals for the two tests vary from one 
geographical area to the other. This study established reference intervals for PT and APTT and 
evaluated their association with age among healthy adults in Kumasi, Ghana. A total of 876 healthy 
adults, 18-48 years, all residents of Kumasi, Ashanti region, Ghana were recruited for this cross-
sectional study conducted at Komfo Anokye Teaching Hospital (KATH). PT and APTT were 
determined using the Biobase COA series Semi Auto Coagulation Analyzer following the 
manufacturer’s instructions. Reference intervals were established using non-parametric approach: 
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2.5
th
-97.5

th
 percentiles. The reference intervals for PT and APTT were 11.4-15.9 seconds and 26.3-

44.1 seconds respectively. The reference intervals were wider compared to the reference intervals 
used at KATH. Participants between the ages of 21-30 years old had significantly higher PT and 
APTT compared with participants between 18-20 years and 31-48 years old. PT was inversely 
associated with age (β = -1.092, p=.000) among the general population. Upon grouping subjects by 
gender, PT showed a significant inverse association (β = - .705, p=.000) among males and a direct 
association (β = .566, p=.004) among females. The association between age and APTT was not 
statistically significant. There are wider reference intervals for PT and APTT among people in 
Kumasi. Due to geography, lifestyle, and genetic diversity, it is advisable that each laboratory 
establishes geography-specific reference intervals for PT and APTT. 

 

 
Keywords: Prothrombin time; activated partial thromboplastin time; reference interval; age. 
 
1. INTRODUCTION 
 

Haemostasis is an innate response involving the 
complex interplay between platelets, vessel wall 
and adhesive proteins culminating in the 
formation of a ‘platelet plug’. It represents a 
delicate balance between the coagulation and 
the fibrinolytic systems [1,2]. 
 
In the 1960’s, Davie, Ratnoff and Macfarlane 
described the “waterfall” and “cascade” theories 
outlining the fundamental principle of a cascade 
of proenzymes leading to the activation of a 
downstream enzyme, heralding the concept of 
blood coagulation [2,3]. The conventional 
coagulation system is classified into the extrinsic 
and the intrinsic pathways [4]. 
 
Prothrombin time (PT) and activated partial 
thromboplastin time (APTT) are tests that 
characterize blood coagulation and detect blood 
clotting abnormalities. Prothrombin is a 68.7 kD 
unstable plasma protein produced in the liver that 
undergoes proteolytic cleavage to produce a 
smaller protein, thrombin [2]. PT, the time in 
seconds for a patient’s plasma to clot after the 
addition of calcium and an activator 
(thromboplastin), is a measure of the integrity of 
the extrinsic and final common pathways of the 
coagulation system. It is prolonged when there 
are deficiencies or inhibitors of clotting factors 
within the extrinsic and final common pathways 
[5]. It is used in the assessment and monitoring 
of anticoagulant therapy, liver damage, and 
vitamin K status [6,7]. PT measures factors I, II, 
V, VII, and X and is used in conjunction with the 
APTT, to detect blood clotting abnormalities [7]. 
 
The APTT, on the other hand, measures the 
integrity of the intrinsic and final common 
pathways of the coagulation cascade. It is the 
time in seconds for a patient’s plasma to clot 
after the addition of phospholipid and calcium 

and it is prolonged when there are deficiencies or 
inhibitors of clotting factors within the intrinsic 
and final common pathways [5]. APTT is also 
used to monitor the effects of the anticoagulants 
heparin therapy as well as to screen for bleeding 
risk prior to surgery [5]. 
 
At Komfo Anokye Teaching Hospital (KATH), PT 
and APTT are utilized routinely for the diagnosis 
of coagulation disorders. However, the use of PT 
and APTT in the diagnosis and the monitoring of 
therapy depends on a set of predetermined 
reference intervals. Although several studies [5, 
8-11] have reported variations in the reference 
intervals for PT and APTT due to several factors 
including age, gender and geographical location, 
studies on reference intervals for PT and APTT 
have not been conducted in Ghana resulting in 
the reliance of many healthcare facilities in 
Ghana on the reference intervals established in 
Caucasian populations. However, due to the 
variations in lifestyle, physical and genetic 
characteristics of the different populations, the 
use of reference intervals established from other 
populations may lead to misdiagnoses, and 
incorrect therapy. It is against this background 
that this study was conducted to specifically: 
 

1. Establish the reference intervals for PT 
and APTT among healthy adults in 
Kumasi. 

2. Evaluate the association between PT and 
APTT with age. 

 

2. MATERIALS AND METHODS  
 

2.1 Study Design and Setting 
 

This cross-sectional study was conducted at 
Komfo Anokye Teaching Hospital (KATH) 
located in Kumasi, the capital of the Ashanti 
Region in Ghana between February to July 2017. 
Kumasi is Ghana’s second largest city located 



 
 
 
 

Ofosu el al.; AHRJ, 1(4): 132-139, 2018; Article no.AHRJ.46507 
 

 

 
134 

 

about 300 km from the national capital, Accra.  
The city of Kumasi lies between latitude 6.35˚N 
and 6.40˚N and longitude 1.3˚W and 1.35˚W and 
is 150sq km in size with a population of about 2 
million people [12]. 
 

2.2 Participants’ Recruitment 
 
A simple randomized sampling technique was 
used to recruit a total of 876 healthy adults aged 
18-48 years. The sample size was calculated 
using the Raosoft sample size calculator. 
Calculation was done at 95% confidence level, 
5% margin of error, and a response distribution 
of 50% [13]. Previous clinical history of all 
subjects was assessed through an interview. 
Basal information included dietary, medical and 
family history, use of tobacco, alcohol intake, and 
recent physical activities. Participants who 
satisfied the inclusion criteria were identified and 
included in the study after the aim and objectives 
had been explained to them. 
 

2.3 Inclusion and Exclusion Criteria 
 
Apparently healthy participants aged 18-48 
years, who consented to the study were 
recruited. Participants who had hypertension, 
diabetes, liver disease, on any medication 
(heparin, warfarin, aspirin or any similar drugs), 
pregnant women, those with history of alcohol 
and tobacco use and coagulation disorders were 
excluded. 
 

2.4 Ethics Approval and Consent to 
Participate 

 
Ethical approval for this study was obtained from 
the Committee on Human Research Publication 
and Ethics (CHRPE) of the School of Medical 
Sciences, Kwame Nkrumah University of 
Science and Technology (CHRPE/AP/219/17) 
and also from the Research and Development 
Department of KATH. Informed consent was 
obtained from all participants after the aim and 
objectives of the study had been explained to 
them. 
 

2.5 Sample Collection and Preparation 
 
Five (5) ml of venous blood was collected from 
the antecubital fossa with only a light tourniquet 
to avoid venous stasis, and dispensed into a 
3.2% sodium citrate tube and the blood 
centrifuged immediately at 2500g for 15 minutes 
at room temperature to obtain platelet-poor 

plasma. The PT and APTT for each participant 
was evaluated using the Biobase COA series 
Semi Auto Coagulation Analyzer (Biobase LLC, 
3231 Osgood Common Fremont, CA 94539, 
USA) within 4 hours of collection following the 
manufacturer’s instructions. The ISI of the PT 
reagent was 1.1. Daily calibration and 
maintenance of the analyzer was performed 
according to the manufacturer’s instructions. In-
house method validation was in accordance with 
the CLSI guidelines [14,15]. Pre-analytical, 
analytical, and post-analytical precautions were 
considered to ensure accuracy and precision. 
Internal quality control, using PT control reagent: 
abnormal high control and normal control 
(HUMAN Diagnostics, Wiesbaden, Germany) 
was performed and analyses begun only when 
all quality controls passed. Precision of analysis 
was assessed by internal quality control and 
accuracy was determined based on external 
quality control performance (United Kingdom 
International External Quality Assessment 
Scheme-UK IEQAS). 
 

2.6 Statistical Analysis 
 
All categorical data were presented as 
frequencies (percentages). Normality was 
checked using the Kolmogorov-Smirnov test. The 
data was non-parametric and presented as 
median (interquartile ranges). Reference 
intervals were determined using the non-
parametric method at 2.5

th
 and 97.5

th
 percentiles, 

according the CLSI guidelines on defining, 
establishing and verifying reference intervals in 
the clinical laboratory (CLSI C28-A3) [16]. 
Outliers were retained in the distribution if D/R 
<0.33, where D is the absolute difference 
between the most extreme distribution and the 
next value and R is the Range (maximum – 
minimum). The Mann-Whitney U test was used 
to test for significance of differences between 
genders. Kruskal-Wallis test followed by 
Bonferroni multiple comparison test was used to 
determine the significance of differences 
between variables by age groups. Linear 
regression was used to evaluate the association 
between PT and APTT with age. All statistical 
analyses were performed at 95% confidence 
level using Stata/MP version 13.0 (StataCorp LP, 
Texas, USA).  

 
3. RESULTS 
 
Fig. 1 shows the distribution of values for PT and 
APTT among the entire study population. 
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Table 1 shows the demographic characteristics 
and the reference interval for PT and APTT 
among the study population. Out of a total of 876 
healthy adults recruited for this study, 54.1% 
were females while 45.9% were males. Most of 
the participants were 21-30 years old (73.3%). 
The median age for the entire study population 
was 24.0 years. The average PT and APTT was 
13.5 seconds and 32.1 seconds respectively  
and their corresponding reference intervals 
established from the 2.5

th
 – 97.5

th
 percentile 

were 11.4-15.9 seconds and 26.3-44.1 seconds 
respectively (Table 1). 
 
The average age for both males and females 
was 24.0 years. The median PT for male and 
female participants was 13.4 seconds and 13.6 
seconds respectively and the median APTT for 
male and female participants were 32.1 seconds 
and 31.6 seconds respectively. The differences 
were however not statistically significant. 
Participants between the ages of 21-30 years old 
had significantly higher PT and APTT compared 
with participants between 18-20 years and 31-48 
years old (Table 2). 
 

4. DISCUSSION 
 
Reference intervals for most clinical parameters 
used in many African countries are those 
established among Caucasian populations. 
Diversity in geography, lifestyle, physical and 
genetic factors affect the normal physiological 
processes of a people, and hence variations in 
the measurement of ‘normal’ functions among 
and between populations are expected, making 
the use of pre-established reference intervals 
from other countries inappropriate. This study, 
therefore, established the reference intervals for 
PT and APTT and evaluated their association 
with age among healthy adults in Kumasi, 
Ghana. 
 
The reference intervals for the PT, and APTT 
established in this study were 11.4-15.9 seconds 
and 26.3-44.1 seconds respectively. On the other 
hand, the reference intervals for PT and APTT 
currently being used at Komfo Anokye Teaching 
Hospital-KATH (the study site), adopted from 
reference interval established in Caucasian 
population, are 10-14 seconds and 23.4-36.2 
respectively. This shows a disparity, where the 
reference intervals developed in this study is 
wider compared to the reference intervals 
currently being used at KATH. This finding is 
consistent with previous studies [5,9-11], where 
differences in geographical locations have led to 

reports of varying reference intervals; for 
instance, the international standard laboratory 
reference interval for PT and APTT are 11-14 
seconds and 25-35 seconds respectively. Again, 
a review by Bajaj and Joist reported the 
reference interval for PT and APTT to be 10-14 
seconds and 20-35 seconds respectively [17]. 
Additionally, Tietz [18] recommends that a 
reference interval of 8.15-16.13 seconds for PT 
and 24-45 seconds for APTT may be considered 
acceptable. It is therefore evident that, there are 
variabilities in reference intervals from one 
geographical region to another. Thus, reinforcing 
the need for reference intervals for specific 
geographical locations. 
 

The median PT for female participants was 
marginally higher than their male counterparts 
(13.6 seconds vs 13.4 seconds respectively). 
Likewise, a slightly lower APTT was observed in 
females compared to males (31.6 seconds vs 
32.1 seconds respectively). However, in both 
instances, the differences were not statistically 
significant. This may be due to the effects of sex 
hormones on coagulability of plasma [19,20]. 
 

This study reports a wider reference interval for 
the PT and APTT. Furthermore, participants 
within the age group of 21-30 years had higher 
PT and APTT compared to 18-20 years and 31-
48 years. A plausible reason for this is the fact 
that majority of the study participants were 
between 21-30 years. Another reason may be 
due to the fact that, individuals aged 21-30 are 
more active in the study setting and increased 
activity (exercise) has been shown to improve 
coagulation activity [21-23]. 
 

This study also reports a significant inverse 
association between PT and age (β = -1.092, 
p=.000). After grouping by gender, PT showed a 
significant inverse association (β = - .705, 
p=.000) among males and a direct association (β 
= .566, p=.004) among females. The inverse 
association between PT and age is consistent 
with a study by Ujiie et al. [24] among blood 
donors between 20–62 years old in Japan. 
However, our findings among females are similar 
to a study by Kurachi and Kurachi [25] who 
reported that coagulation factors increased with 
age. Nonetheless, it is evident that PT and APTT 
are influenced by many factors due to the highly 
scattered PT and APTT values when regressed 
with age. 
 

The reference intervals for PT and APTT 
developed for the Kumasi study area will be of 
immense benefit to clinical trials and therapies 
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that require monitoring of coagulation profile and 
general patient care. However, a limitation to be 
addressed by future studies is the fact that this 
present study was conducted in an urban setting 

and might not be generalizable to other areas 
because behavioral and lifestyle patterns which 
may influence coagulation are different across 
different settings in Ghana. 

 

  
 

Fig. 1. Distribution of PT and APTT in the general study population 
 

Table 1. Demographic characteristics and the reference interval for PT and APTT among the 
study population 

 

Variables Median (IQR) Reference intervals 

2.5
th

 (95% CI) 97.5
th

 (95% CI) 

Age (years) 24.0(22.0-39.0) NA NA 
 n(%)   
18-20 120(13.7%) NA NA 
21-30 642(73.3%) NA NA 
31-48 114(13.0) NA NA 
Gender n(%)   
Male 402(45.9%) NA NA 
Female 474(54.1%) NA NA 
PT 13.5(12.5-14.8) 11.4(11.2-11.4) 15.9(15.7-15.9) 
APTT 32.1(29.5-34.9) 26.3(25.0-26.3) 44.1(41.9-44.9) 

PT; Prothrombin Time, APTT; Activated Partial Thromboplastin Time, NA; Not applicable 

 
Table 2. Age and PT and APTT among the study population stratified by gender 

 

Variables PT APTT 

Median (IQR) 2.5
th

-97.5
th

  Median (IQR) 2.5
th

-97.5
th

  

Male: Female Age (years) 1:1 (24.0:24.0)    
Gender     
Male 13.4(12.2-14.7) 11.2-15.9 32.1(28.8-25.1) 23.0-44.9 
Female 13.6(12.7-14.8) 11.4-16.0 31.6(29.7-34.7) 26.8-44.1 
p-value .185  .624  
Age     
18-20 (1) 13.2(12.3-15.0) 11.2-16.0 30.5(28.8-35.3) 21.6-40.3 
21-30 (2) 14.0(12.7-15.0) 11.4-15.9 32.3(29.7-34.9) 26.3-44.9 
31-48 (3) 12.6(12.0-13.5) 11.4-14.6 30.4(28.8-36.3) 26.3-41.7 
p-value .000  .000  
Significant pairs 2&1; 2&3  2&1; 2&3  
The Mann-Whitney U test was used to test for significance of differences between genders. Kruskal-Wallis test 
followed by Bonferroni multiple comparison test was used to determine the significance of differences between 
variables by age groups.   < .05 was considered statistically significant (p-values of significant variables in bold 

print)
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Fig. 2. The association between PT and APTT with age 
Among the entire study population, PT had a significant inverse association with age (β = -1.092, p=.000). Upon stratification by gender, PT showed a significant inverse 
association (β = - .705, p=.000) among males and a direct association (β = .566, p=.004) among females. The association between age and APTT was not statistically 

significant 
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5. CONCLUSION 
 

The reference intervals for the PT, and APTT for 
Kumasi are 11.4-15.9 seconds and 26.3-44.1 
seconds respectively. There are wider reference 
intervals for PT and APTT among people in 
Kumasi. Generally, PT is inversely associated 
with age among healthy adults in Kumasi. There 
is no significant association between age and 
APTT. Due to geographical, lifestyle, and genetic 
diversity, it is advisable that each laboratory 
establishes their own reference intervals for PT 
and APTT. 
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