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Abstract 

Background: Due to the differences in reference intervals (RIs) for clinical parameters between geographical regions, each 

laboratory needs to establish its own RIs to aid in effective clinical diagnosis and management. This study developed age- 

and sex-specific RIs for prothrombin time (PT) and activated partial thromboplastin time (aPTT) among apparently healthy 

adults in Tamale, Ghana. Methods: This cross-sectional study recruited 206 apparently healthy individuals, aged 18-46 and 

residing in Tamale, Northern Region of Ghana. The PT and aPTT were determined using the HumaClot Duo Plus semi-

automated coagulation analyzer. The data were analyzed using SPSS version 26. The RIs for PT and aPTT were established 

at 2.5th-97.5th percentiles. Results: The RIs for PT and aPTT were 10.2-13.37 seconds and 20.41–35.28 seconds, 

respectively. Females had relatively wider PT RI values than their male counterparts [(9.91–13.39) vs. (10.10–13.37) 

seconds]. Conversely, males showed relatively wider RIs for aPTT as compared to the female population [(19.86–35.47) 

vs. (21.40–35.20) seconds]. Adults between the ages of 31-46 years had the widest PT RIs (10.10–13.55) seconds, while 

the 18-20 years age group had the lowest range (10.10–12.85) seconds. For aPTT, individuals aged 18 -20 years had 

relatively wider RIs of 19.50–35.25 seconds than the rest of the age groups. A weak positive correlation was observed 

between PT and age (r =0.166, p=0.017), while aPTT showed a weak inverse correlation with age (r= -0.203, p=0.003). 

Conclusion: Relatively wider RIs for PT (10.02–13.37 seconds) and aPTT (20.41–35.28 seconds) were found among the 

population in Northern Ghana. PT correlated positively with age, while aPTT inversely correlated with age. Females had 

relatively wider PT-RI values than their male counterparts. Conversely, males showed relatively wider RIs for aPTT than 

the female group. 

Keywords: Adult; aPTT; Coagulation; Prothrombin Time; Reference Interval. 

1. Introduction 

Prothrombin time (PT) and activated partial thromboplastin time (aPTT) are useful screening tests for coagulation 

disorders. PT measures the time in seconds for an individual’s plasma to clot following the addition of calcium (Ca2+) 
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as a cofactor and a thromboplastin (an activator), and this assesses the integrity of the extrinsic as well as the common 

pathways of coagulation. This test is often prolonged in subjects with deficiencies of the factors or specific inhibitors of 

the proteins involved in both the extrinsic and the common pathways [1]. The integrity of the intrinsic and final common 

pathways in the coagulation system is checked by the aPTT test. This aPTT denotes the time in seconds for a person’s 

plasma to clot after Ca2+ and the substrate, phospholipid, are added. Deficiencies or inhibitors of coagulation factors 

involved in both the intrinsic and common pathways often prolong aPTT [2]. 

Reference intervals (RIs) in the clinical laboratory serve an important function in the diagnosis and management of 

diseases and to monitor therapeutic responses to treatment [3]. The Clinical and Laboratory Standards Institute (CLSI) 

recommends each laboratory establish its own reference intervals for different analytes because of the differences in 

behavioral, physical, geographic, gender, age, and genetic variations among various populations [4]. However, most 

African countries still rely on values generated from Caucasian populations [5], which can lead to wrong therapeutic 

decisions. 

Several reference range studies involving haematological parameters have been undertaken in recent years, following 

the guidelines outlined by CLSI [6–10]. Among healthy volunteers in China, the RIs for PT and aPTT were 8.4–10.2 s 

and 26.8–42.3 s, respectively [11]. RIs for TT was 10.8–12.8 s and aPTT was 27.9–42.7 s in a study by Kim et al. [12] 

that recruited individuals between 25 to 67 years of age. Among children aged 1 to 12 years in China, PT and aPTT RIs 

were reported to be 10.60–13.10 s and 27.87–40.80 s, respectively [13]. In Cameroun, Ngounou et al. [14] observed that 

within the adult population, PT and aPTT RIs were 10.2-15.2 s and 22.2-40.5 s, respectively. Among African blood 

donors in Nairobi, Kenya, Abdillah (2018) [15] reported RIs for PT and aPTT as 10.50–13.30 and 24.13–35.10 seconds, 

respectively. Another similar study in the Middle Belt of Ghana, Kumasi, concluded that the RI for PT was 11.4–15.9 

seconds and the aPTT was 26.3–44.1 seconds [16]. Interestingly, these RIs are different from values established by the 

International Standard Laboratory (ISL) among the Caucasian population, where the RIs for PT and aPTT were 11.0–

14.0 s and 20.0–35.0 s, respectively. The variations in the RIs from populations of different geographical areas signify 

the need to establish area-specific RIs for PT and aPTT to positively influence effective diagnosis and treatment. 

Despite earlier studies reporting disparities in PT and aPTT RIs owing to various factors such as geographic area, 

gender, and age [6–8, 11, 12–14, 16–19], there is paucity of data on RIs for PT and aPTT in Ghana. Although PT and 

aPTT remain the most commonly used assays to evaluate coagulation profiles in health and disease in Ghana, healthcare 

facilities in the country rely on RIs developed for Caucasian populations, which could result in incorrect diagnoses and 

treatments due to differences among various populations [16]. The study by Ofosu et al. (2018) [16] remains the only 

recently known study in Ghana to determine PT and aPTT reference intervals among healthy individuals, but their study 

was conducted in the middle belt of the country and could not account for the geographic variations of inhabitants in the 

northern part of Ghana. Moreover, their study only considered age-specific PT and aPTT RIs but could not consider sex. 

To the best of our knowledge, no known study has been conducted in the Northern Region of Ghana to establish the 

RIs for coagulation parameters. Hence, this study determined the RIs for PT and aPTT among the northern population 

in Ghana. This will provide essential information on PT and aPTT for effective diagnosis and management of 

coagulation disorders, prevent misdiagnosis, and avoid incorrect therapy. 

2. Material and Methods 

2.1. Study Design/Study Site 

This cross-sectional study was conducted from April to October 2022 at the Tamale Teaching Hospital (TTH) in the 

Northern Region of Ghana. Tamale Teaching Hospital is located in the Tamale Metropolis and serves as a tertiary-level 

referral facility for the five Northern Regions: Savannah, Northern, North-East, Upper West, and Upper East. Tamale, 

the capital of the Northern Region, has a population of approximately 371,351, with the majority being farmers. The 

capital city is located at a longitude of 0.8235°W and a latitude of 9.3930°N, with the digital address of the hospital 

being NT-0101-5777. The hospital currently has a bed capacity of four hundred and eighty-four and provides services 

to over a hundred thousand patients every year [17]. 

2.2. Study Population and Sample Size 

The study involved 206 apparently healthy individuals who visited the blood bank of TTH as voluntary or family 

replacement blood donors. All subjects were between the ages of 18 and 46 years and were not on any medication. 

The minimum number of participants required for establishing references is 120, as recommended by the Clinical 

and Laboratory Standards Institute [4]. However, this study employed 206 participants: 125 males and 81 females.  

2.3. Inclusion/Exclusion Criteria 

Apparently healthy blood donors between the ages of 18 and 46 were recruited for the study. Participants with a 

history of diabetes mellitus, liver disease, hypertension or other cardiovascular issues, tuberculosis, acute inflammatory 
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diseases, and risk factors like pregnancy, intense exercise, alcohol use, smoking, and those on medications including 

heparin, warfarin, aspirin, or similar drugs and oral contraceptive medications were excluded from the study. 

2.4. Sample Collection and Processing 

Five (5) mL of blood was aseptically taken from each participant, dispensed into 3.2% tri-sodium citrate-containing 

tubes, and inverted gently about 5–6 times to ensure adequate mixing of blood with the anticoagulant. The sample was 

immediately centrifuged at 4000 rpm for 15 minutes to obtain platelet-poor plasma (PPP) for the coagulation assays. 

2.5. Measurement of PT and aPTT 

Within four hours of sample collection, PT and aPTT were performed with the HumaClot Duo Plus semi-automated 

coagulation analyzer (Humaclot Duo Plus, Germany), according to the specifications and clinical laboratory operating 

procedure recommended by the manufacturer. PT was measured by pipetting 50 μL of platelet-poor plasma 

sample/control without air bubbles into a cuvette preheated to 37 °C in the measurement channel and covered with a 

light-tight cap. After sample incubation, 100 μL of the pre-warmed PT reagent was added vertically and carefully, 

without air bubbles, through the light-tight cap. Formed clots were automatically detected by the analyzer. Also, aPTT 

was measured by pipetting 50 μL of the aPTT reagent and 50 μL of the platelet-poor plasma into the pre-warmed cuvette. 

After that, the measuring channel was filled with the cuvette containing the mixture, which was then covered with the 

light-protection lid. After 5 minutes incubation of the mixture, 50 μL of calcium chloride (CaCl2) was pipetted without 

air bubbles and vertically introduced to the mixture. The analyzer automatically detects the clot that has formed. All 

laboratory investigations were performed at the Haematology department of TTH. The protocols for the ELISA were 

adopted from the Appiah et al. (2022) study [17]. The overview of the study design is illustrated in Figure 1. 

 

Figure 1. Overview of the study design 

2.6. Data Analysis 

Data generated were analyzed with IBM Statistical Package for the Social Sciences (SPSS) software, version 26.0 

(IBM Corp., Armonk, NY, USA). Normality was tested with one-sample Kolmogorov-Smirnov tests and Shapiro-Wilk 

tests. The data were presented as medians (interquartile ranges). The reference intervals were established at 2.5th and 

97.5th percentiles based on the CLSI guideline [4]. The Mann-Whitney U test was used to compare PT and aPTT values 

between males and females. Comparisons of PT and aPTT within the different age groups were done using the Kruskal-

Wallis test, followed by the Bonferroni multiple comparison tests. To assess the relationship between age and the 

coagulation tests (PT and aPTT), the Spearman correlation test was performed. A p < 0.05 was considered statistically 

significant. 

3. Results 

3.1. Sociodemographic Characteristics of the Study Subjects 

Table 1 shows the demographic characteristics of the study participants. Of the 206 healthy individuals who 

participated in the study, the majority were males (125/60.7%) and between the ages of 21-30 years (121/58.7%). The 

median age of the study participants was 24.22 (20.0–25.0) years (Table 1). 
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Table 1. Socio-Demographic Characteristics of the Study Population 

Variables Frequency (N) Percentage (%) 

Age (Years) 24.22 (20.00 - 25.00) 

18 – 20 59 28.6 

21 – 30 121 58.7 

31 – 46 26 12.6 

Sex   

Male 125 60.7 

Female 81 39.3 

Categorical data are presented in frequencies with corresponding percentages in 

parentheses. Age is presented in median (25th-75th percentiles). 

3.2. Reference Intervals for PT and aPTT among the Study Participants 

The median PT and aPTT were 11.25 (10.70–12.03) and 29.40 (25.90–32.30) seconds, respectively. The minimum 

and maximum interval ranges for PT and aPTT were 9.90–13.80 seconds and 18.70–36.10 seconds, respectively. The 

RIs for PT and aPTT were established at the 2.5th and 97.5th percentiles, respectively. The RIs for PT and aPTT in this 

study were 10.02–13.37 s and 20.41–35.28 s, respectively (Table 2). 

Table 2. Reference Intervals for PT and aPTT among the Study Participants 

Variables Median (IQR) 
Reference Intervals (2.5th-97.5th) Interval Ranges 

2.5th (CI = 95.0%) 97.5th (CI = 95.0%) Minimum Value Maximum Value 

PT 11.25 (10.70 – 12.03) 10.02 13.37 9.90 13.80 

aPTT 29.40 (25.90 – 32.30) 20.41 35.28 18.70 36.10 

PT= Prothrombin time, aPTT= activated Partial Thromboplastin Time, CI= Confidence interval, QR= interquartile ranges. PT and APTT were presented 

as medians (25th-75th percentiles). 

3.3. Comparison of PT and aPTT RIs from the Present Study to Other Studies 

The RI for PT in this study is significantly shorter than the manufacturer-provided intervals, while that for aPTT was 

longer. The RI for PT in the present study is consistent with the studies by Abdillah (2018) [15] in Kenya and Kim et 

al. [12], but aPTT appeared wider compared to the Kenyan study. Also, the RIs of PT and aPTT in this study are wider 

than the RIs determined by the ISL among the Caucasian population. Again, the RIs for PT and aPTT from this study 

are significantly shorter than the RIs in the Middle Belt of Ghana (KATH, Kumasi) [16] (Table 3). 

Table 3. Comparison of PT and aPTT RIs from the Present Study to Other Studies 

Parameters 

Reference Intervals of PT and aPTT from different sources 

Present Study 
(Tamale, Ghana) 

China 

[11] 

Kim et al. 

[12] 

Cameroun 

[14] 

Nairobi, 

Kenya [15] 

KATH, 

Kumasi, 

Ghana [16] 

ISL  

(among Caucasian 

population) 

Fortress 

Diagnostics 

(Manufacturer) 

PT (sec) 10.02-13.37 8.4-10.2 10.8-12.8 10.2-15.2 10.50-13.30 11.4-15.9 11.0-14.0 13.0-15.0 

aPTT (sec) 29.40 (25.90–32.30) 26.8-42.3 27.9-42.7 22.2-40.5 24.13-35.10 26.3-44.1 20.0-35.0 19.0-31.0 

PT= Prothrombin Time; aPTT= activated Partial Thromboplastin Time; sec= Seconds; KATH= Komfo Anokye Teaching Hospital; ISL= International Standard Laboratory. 

3.4. PT and aPTT of the Study Participants Stratified by Age and Sex 

The median PT for males and females was 11.50 (10.70–12.10) seconds and 11.00 (10.60–11.70) seconds, 

respectively. The PT RIs were relatively higher among males compared to females (10.10–13.37 vs. 9.91–13.39) 

seconds, p=0.028. However, females showed relatively higher median (IQR) and RI for aPTT as compared to their male 

counterparts [Median (IQR): 29.60 (26.95–32.35), RI: (21.40–35.20) vs. Median (IQR): 29.10 (25.15–32.05), RI: 

(19.86–35.47), respectively], even though this was not significant (p=0.293). With regards to age, PT did not differ 

within the age periods (p=0.320), but aPTT among the participants within 18–20 years significantly differed from those 

above 30 years (p=0.007) (Table 4). 
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Table 4. PT and aPTT of the Study Participants Stratified by Age and Sex 

Variables 

Coagulation Parameters 

PT APTT 

Median (IQR) RI: 2.5th – 97.5th Percentiles Median (IQR) RI: 2.5th – 97.5th Percentiles 

Sex  

Male 11.50 (10.70 – 12.10) 10.10 – 13.37 29.10 (25.15 – 32.05) 19.86 – 35.47 

Female 11.00 (10.60 – 11.70) 9.91 – 13.39 29.60 (26.95 – 32.35) 21.40 – 35.20 

P-Value 0.028* 0.293 

Age (Years)  

18 – 20 (a) 11.10 (10.50 – 12.00) 10.10 – 12.85 30.65 (28.80 – 32.40) 19.50 – 35.25 

21 – 30 (b) 11.30 (10.70 – 11.95) 10.00 – 13.40 29.00 (25.70 – 32.40) 21.41 – 35.50 

31 – 46 (c) 11.65 (10.80 – 12.63) 10.10 – 13.55 26.45 (24.73 – 29.98) 20.20 –34.53 

P-Value 0.320 0.007* 

Significant Pairs  a & c 

PT= Prothrombin time, aPTT= activated Partial Thromboplastin Time, CI= Confidence interval, QR= Interquartile ranges, RI= Reference interval. The Mann-Whitney U 

test was used to compare PT and aPTT between males and females. Bonferroni multiple comparison tests were performed after the Kruskal-Wallis test to determine the 

significant differences between variables by age groups. A P < 0.05 was considered statistically significant.  

3.5. Correlation between Age and the Coagulation Parameters among the Study Participants 

The current study revealed a significant negative correlation between age and aPTT (r= -0.212, p=0.002), but no 

correlation was found between age, and PT and aPTT respectively (Figure 2). 

 

 

 Figure 2. Correlation between Age, and (a) aPTT and (b) PT among the Study Participants. r=Correlation coefficient, 

PT=Prothrombin Time, aPTT=activated Partial Thromboplastin Time, p= p-value. The correlation was assessed by Spearman’s 

correlation test and p<0.05 was considered statistically significant.  
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3.6. Correlation between Sex-Specific PT and APTT, and Age  

After stratifying by sex, female PT and aPTT did not indicate any significant association with age [PT: (r= -0.083, 

p=0.461) and aPTT: (r= 0.158, p=0.160)] as shown in Figures 3a and 3b, respectively. Male PT did not show any 

significant association with age (r: 0.117, p=0.196) as seen in Figure 3c, but an inversely significant association was 

observed between male aPTT and Figure 3d (r= - 0.308, p<0.001).  
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Figure 3. Correlation between Sex-Specific PT and APTT, and Age. r=Correlation coefficient, PT= Prothrombin Time, 

aPTT=activated Partial Thromboplastin Time, p= p-value. The correlation was assessed by Spearman’s correlation test and p<0.05 

was considered statistically significant. 

4. Discussion 

Due to the variations in the normal physiology of individuals with different geographical locations, lifestyles, 
physical characteristics, and genetics, the use of pre-established reference intervals from other countries for making 

clinical decisions is inappropriate and can lead to misdiagnosis and mismanagement. TTH and other health facilities in 

Africa use RIs for haematological parameters established among Caucasians. This study established age- and sex-

specific RIs of PT and aPTT among healthy individuals in northern Ghana. 

The reference intervals for PT and aPTT were 10.02–13.37 and 20.41–35.28 seconds, respectively. The RI for PT 

established in this study was significantly shorter than the manufacturer-provided intervals, while that for aPTT was 

longer. The RI for PT in the present study is consistent with previous studies by Abdillah (2018) [15] and Kim et al. 

(2021) [12], where reference intervals for PT established among black African blood donors in Nairobi, Kenya, were 

10.50–13.30 seconds. The aPTT reference intervals established for this study, however, were significantly wider 

compared to the Kenyan study. Again, the RIs of PT and aPTT established in this study are wider than the RIs determined 

by the ISL among a Caucasian population, which is currently being used by the Tamale Teaching Hospital in the northern 

region of Ghana. The differences in the findings could be attributed to geographic location discrepancies [6–10]. 

Findings from the current study contrast a similar study conducted in Kumasi, Ghana, by Ofosu et al. (2018) [16]. 

The RIs for PT and aPTT found in this study were significantly shorter than the RIs established for PT and APTT in the 

Middle Belt (Kumasi) of Ghana [16]. An earlier study by Valeri et al. (1995) [20] to assess the effect of local skin 

temperature ranging from +20 °C to +38 °C on bleeding time found that a 15% reduction in the serum thromboxane B2 

concentration was linked to each 1 °C decline in temperature, causing longer clotting times at lower temperatures than 

higher temperatures. This disparity, therefore, could be caused by the effects of higher temperatures in Tamale on the 

clotting times, as RIs for clinical parameters may be affected by geographical variations. It is thus essential to establish 

RIs for various clinical parameters in various geographical areas to aid in the proper diagnosis and management of 

clinical conditions. 

Females had relatively wider PT reference interval values than their male counterparts [F: (9.91–13.39) vs. M: 

(10.10–13.37) seconds]. Conversely, males showed relatively wider reference intervals for aPTT as compared to the 

female population [M: (19.86–35.47) vs. F: (21.40–35.20)]. This could be the result of the oestrogenic effects in females, 

as sex hormones are related to hypercoagulability [21]. Additionally, bleeding, particularly menorrhagia in females, 

which is one of the reactive causes of thrombocytosis, could be blamed for the shorter PT and aPTT reference intervals 

reported in this study. 

Again, participants in the 18–20 age group had a relatively wider aPTT result than those in the 21–30 and 31–46 age 

groups. The fact that increased levels of coagulation factors are related to aging could be a feasible explanation for this 

finding [22]. Another plausible explanation for this could be the fact that prolonged aPTT is associated with young age 

due to the combination of several slightly lowered clotting factors [23–25]. PT showed no significant difference between 

the age categories. This study contradicts the findings of Ofosu et al. (2018) [16], who recorded higher PT and APTT 

among age groups of 21–30 years compared to 18–20 years and 31–48 years. 
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The current study revealed a significant negative correlation between age and aPTT, but no correlation was found 

between age and PT. This finding is similar to a previous study by Kurachi & Kurachi (2000) [26] that reported an 

increase in coagulation factors with an increase in age with subsequent prolongation of PT. The inverse correlation 

between age and aPTT could be linked to the combination of several slightly lowered clotting factors associated with 

aging [23, 25]. 

After stratifying by sex, female PT and aPTT did not indicate any significant association with age. Also, male PT 

did not also show any significant association with age, but an inversely significant association was observed between 

male aPTT and age). The statistically insignificant link between sex and PT contradicts the findings of previous studies 

by Abdillah (2018) [15] and Ofosu et al. (2018) [16], where the PT showed a significant inverse association among 

males and a direct association among females. 

The study was limited by our inability to determine the effects of temperature on PT and aPTT. Also, the RIs for PT 

and aPTT established in this study are limited to only adults from 18 to 46 years and may not be inferred in children and 

the elderly. 

5. Conclusion 

The reference intervals for PT and aPTT established at Tamale Teaching Hospital in the northern part of Ghana were 

10.02–13.37 and 20.41–35.28 seconds, respectively. Relatively wider RIs for PT and aPTT were found among the 

population in northern Ghana. PT correlated positively with age, while aPTT showed an inverse correlation with age. 

The median PT among the male participants was significantly higher than that of the females. It is expedient to establish 

reference ranges for PT and aPTT for each laboratory owing to the variations in geographical characteristics, lifestyle, 

and genetic variability. 

6. Declarations  

6.1. Author Contributions 

Conceptualization, S.K.A., C.N., C.S.L., E.O.-Y., K.M., S.B.B., and G.A.; methodology, C.N., S.K.A., K.M., 

C.A.D., S.D., C.S.L., and S.B.B.; formal analysis, C.N., K.M., S.K.A., V.K., D.S., and F.O-B.; investigation, S.K.A., 

C.N., C.S.L., E.O-Y., V.K., and G.A.; data curation, C.S.L., E.O-Y., V.K., and S.D.; writing—original draft preparation, 

S.K.A., C.N., K.M., C.S.L., E.O-Y., F.O-B., D.S., C.A.D., and S.D.; writing—review and editing, S.K.A., C.N., K.M., 

F.O-B., D.S., C.A.D., S.B.B., V.K., G.A., E.O-Y., and S.D. All authors have read and agreed to the published version 

of the manuscript. 

6.2. Data Availability Statement 

Data presented in this study are available on request from the corresponding author.  

6.3. Funding 

The authors received no financial support for the research, authorship, and/or publication of this article. 

6.4. Acknowledgements 

Authors appreciate the efforts of the staff of Tamale Teaching Hospital Haematology Laboratory, and the Department 

of Biomedical Laboratory Sciences, School of Allied Health Sciences, University for Development Studies, Tamale, 

Ghana. We are also grateful to all the subjects who willingly participated in the study.  

6.5. Institutional Review Board Statement/Ethical Approval 

The study was conducted in accordance with the Declaration of Helsinki. Ethical approval for the study was obtained 

from the Research and Ethics Committee of the University for Development Studies, Tamale, Ghana (UDS/RB/033/22). 

Permission was sought from the management of Tamale Teaching Hospital. Written or oral informed consent was taken 

from the study participants. 

6.6. Informed Consent Statement 

Written or oral informed consent was taken from the study participants.  

6.7. Declaration of Competing Interest 

The authors declare that there is no conflict of interests regarding the publication of this manuscript. In addition, the 

ethical issues, including plagiarism, informed consent, misconduct, data fabrication and/or falsification, double 

publication and/or submission, and redundancies have been completely observed by the authors. 



SciMedicine Journal       Vol. 5, No. 3, September, 2023 

100 

 

7. References  

[1] Grover, S. P., & Mackman, N. (2019). Intrinsic pathway of coagulation and thrombosis: Insights from animal models. 

Arteriosclerosis, Thrombosis, and Vascular Biology, 39(3), 331–338. doi:10.1161/ATVBAHA.118.312130. 

[2] Lardinois, B., Hardy, M., Michaux, I., Horlait, G., Rotens, T., Jacqmin, H., Lessire, S., Bulpa, P., Dive, A., & Mullier, F. (2022). 

Monitoring of Unfractionated Heparin Therapy in the Intensive Care Unit Using a Point-of-Care aPTT: A Comparative, 

Longitudinal Observational Study with Laboratory-Based aPTT and Anti-Xa Activity Measurement. Journal of Clinical 

Medicine, 11(5), 1338. doi:10.3390/jcm11051338. 

[3] Buchanan, A. M., Muro, F. J., Gratz, J., Crump, J. A., Musyoka, A. M., Sichangi, M. W., Morrissey, A. B., M’Rimberia, J. K., 

Njau, B. N., Msuya, L. J., Bartlett, J. A., & Cunningham, C. K. (2010). Establishment of haematological and immunological 

reference values for healthy Tanzanian children in Kilimanjaro Region. Tropical Medicine and International Health, 15(9), 1011–

1021. doi:10.1111/j.1365-3156.2010.02585.x. 

[4] CLSI. (2008). Defining, Establishing, and Verifying Reference Intervals in the Clinical Laboratory ; Approved Guideline. In 

CLSI, Clinical and Laboratory Standards Institute, Pennsylvania, United States. 

[5] Bawua, A. S. A., Ichihara, K., Keatley, R., Arko-Mensah, J., Dei-Adomakoh, Y., Ayeh-Kumi, P. F., Erasmus, R., & Fobil, J. 

(2020). Establishing Ghanaian adult reference intervals for hematological parameters controlling for latent anemia and 

inflammation. International Journal of Laboratory Hematology, 42(6), 705–717. doi:10.1111/ijlh.13296. 

[6] Siraj, N., Issac, J., Anwar, M., Mehari, Y., Russom, S., Kahsay, S., & Frezghi, H. (2018). Establishment of hematological 

reference intervals for healthy adults in Asmara. BMC Research Notes, 11(1), 1–6. doi:10.1186/s13104-018-3142-y. 

[7] Klee, G. G., Ichihara, K., Ozarda, Y., Baumann, N. A., Straseski, J., Bryant, S. C., & Wood-Wentz, C. M. (2018). Comparison of 

calculation methods and evaluation of procedures for merging reference measurements from Two US medical centers. American 

Journal of Clinical Pathology, 150(6), 545–554. doi:10.1093/AJCP/AQY082. 

[8] Bakrim, S., Motiaa, Y., Benajiba, M., Ouarour, A., & Masrar, A. (2018). Establishment of the hematology reference intervals in 

a healthy population of adults in the northwest of Morocco (Tangier-Tetouan region). Pan African Medical Journal, 29(1), 1–18. 

doi:10.11604/pamj.2018.29.169.13042. 

[9] Addai-Mensah, O., Gyamfi, D., Duneeh, R. V., Danquah, K. O., Annani-Akollor, M. E., Boateng, L., Owiredu, E., Amponsah, 

F. A., Afriyie, E. Y., Asare, R., & Ofosu, D. N. (2019). Determination of Haematological Reference Ranges in Healthy Adults in 

Three Regions in Ghana. BioMed Research International, 7467512. doi:10.1155/2019/7467512. 

[10] Abbam, G., Tandoh, S., Tetteh, M., Afrifah, D. A., Annani-Akollor, M. E., Owiredu, E. W., Gyasi, C., Adu-Gyamfi, C., Sackey, 

B., Debrah, A. Y., & Addai-Mensah, O. (2021). Reference intervals for selected haematological and biochemical parameters 

among apparently healthy adults in different eco-geographical zones in Ghana. PLoS ONE, 1-16. 

doi:10.1371/journal.pone.0245585. 

[11] Zhu, C., Sun, L., Li, H., Dong, Z., Yu, S., Zhao, X., Yang, J., & Wu, W. (2022). Assessment and establishment of a reference 

interval for Roche Cobas t 711 coagulation analyzer for a hospital in China. Practical Laboratory Medicine, 29, e00268. 

doi:10.1016/j.plabm.2022.e00268. 

[12] Kim, B., Seo, M. S., & Park, R. (2021). Analytical Performance Evaluation of Automated Coagulation Analyzer CP3000 for 

Routine and Special Coagulation Assays. Annals of Clinical and Laboratory Science, 51(1), 112–119. 

[13] Zhang, H., Li, J., Chen, H., & Wu, X. (2020). Establishing reference intervals of coagulation indices based on the ACL Top 700 

system for children in Southwestern Fujian, China. Clinical Biochemistry, 75(10), 78–82. 

doi:10.1016/j.clinbiochem.2019.11.005. 

[14] Ngounou, M. V, Angandji, P., Ndoumba, A., Tagny, T. C., & Mbanya, D. (2021). Coagulation Tests’ Normal Values in a 

Cameroonian Adult Population. Journal of Bioscience & Biomedical Engineering, 2(1), 1–4. doi:10.47485/2693-2504.1029. 

[15] Abdillah, A. (2018). "Reference intervals for prothrombin time and activated partial thromboplastin time derived from black 

African blood donors at a university teaching hospital in Nairobi, Kenya. Aga Khan University, Karachi, Pakistan. 

[16] Ofosu, D., Addai-mensah, O., Boateng, L., & Anane, K. (2019). Reference Intervals of Prothrombin Time and Activated Partial 

Thromboplastin Time and Their Association with Age among Healthy Adults Reference Intervals of Prothrombin Time and 

Activated Partial Thromboplastin Time and Their Association with Age among He. Asian Hematology Research Journal, 

1(February), 1–8. doi:10.9734/AHRJ/2018/v1i430093. 

[17] Appiah, S. K., Nkansah, C., Mensah, K., Osei-Boakye, F., Serwaa, D., Bani, S. B., Abbam, G., Daud, S., Yakubu, M. D. A., 

Sagoe, A. B., Derigubah, C. A., Quansah, Y., & Kawuribi, V. (2022). Plasma von Willebrand Factor Antigen Levels and Its 

Relation with ABO Blood Group, Age and Sex. SciMedicine Journal, 4(2), 63–72. doi:10.28991/scimedj-2022-04-02-02. 



SciMedicine Journal       Vol. 5, No. 3, September, 2023 

101 

 

[18] Ozarda, Y. (2016). Reference intervals: Current status, recent developments and future considerations. Biochemia Medica, 26(1), 

5–16. doi:10.11613/BM.2016.001. 

[19] Ichihara, K., Ozarda, Y., Barth, J. H., Klee, G., Qiu, L., Erasmus, R., Borai, A., Evgina, S., Ashavaid, T., Khan, D., Schreier, L., 

Rolle, R., Shimizu, Y., Kimura, S., Kawano, R., Armbruster, D., Mori, K., & Yadav, B. K. (2017). A global multicenter study 

on reference values: 1. Assessment of methods for derivation and comparison of reference intervals. Clinica Chimica Acta, 467, 

70–82. doi:10.1016/j.cca.2016.09.016. 

[20] Valeri, C. R., MacGregor, H., Cassidy, G., Tinney, R., & Pompei, F. (1995). Effects of temperature on bleeding time and clotting 

time in normal male and female volunteers. Critical Care Medicine, 23(4), 698–704. doi:10.1097/00003246-199504000-00019. 

[21] Abou-Ismail, M. Y., Citla Sridhar, D., & Nayak, L. (2020). Estrogen and thrombosis: A bench to bedside review. Thrombosis 

Research, 192(1), 40–51. doi:10.1016/j.thromres.2020.05.008. 

[22] Amin, H., Mohsin, S., Aslam, M., Hussain, S., Saeed, T., Ullah, M. I., & Sami, W. (2012). Coagulation factors and antithrombin 

levels in young and elderly subjects in Pakistani population. Blood Coagulation and Fibrinolysis, 23(8), 745–750. 

doi:10.1097/MBC.0b013e328358e913. 

[23] Li, J., Lai, X., Yan, C., Xu, A., Nie, L., Zhou, Y., Liao, C., & Ren, H. (2009). Age-associated developmental changes in the 

activated partial thromboplastin time (APTT) and causes of prolonged APTT values in healthy Chinese children. Clinical 

Chemistry and Laboratory Medicine, 47(12), 1531–1537. doi:10.1515/CCLM.2009.339. 

[24] Sedgwick, M. J., Thompson, M., Garnham, J., Thackray, A. E., Barrett, L. A., Powis, M., & Stensel, D. J. (2016). Acute high-

intensity interval rowing increases thrombin generation in healthy men. European Journal of Applied Physiology, 116(6), 1139–

1148. doi:10.1007/s00421-016-3370-6. 

[25] Barbosa, A. C. N., Montalvão, S. A. L., Barbosa, K. G. N., Colella, M. P., Annichino-Bizzacchi, J. M., Ozelo, M. C., & De 

Paula, E. V. (2019). Prolonged APTT of unknown etiology: A systematic evaluation of causes and laboratory resource use in an 

outpatient hemostasis academic unit. Research and Practice in Thrombosis and Haemostasis, 3(4), 749–757. 

doi:10.1002/rth2.12252. 

[26] Zhang, K., Kurachi, S., & Kurachi, K. (2002). Genetic mechanisms of age regulation of protein C and blood coagulation. Journal 

of Biological Chemistry, 277(6), 4532–4540. doi:10.1074/jbc.M109524200. 


