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EVALUATING HAEMATOLOGICAL PROFILES IN CASES OF EARLY-ONSET CANITIES IN PORT HARCOURT

ABSTRACT
Introduction 
Low levels of red blood cell metrics, such as haemoglobin concentration, have been linked with premature canities, which are premature gray hair.
Aim: This study assessed red blood cell metrics among individuals with premature canities in Port Harcourt.
Materials and Methods: This study adopted a cross-sectional study design with a total of 90 participants divided into 3 equal groups: the Test, the Negative Control, and the Positive Control Groups. Five milliliters of venous blood sample was collected from each subject with ethylene diamine tetra acetic acid sample containers. An automated method was used for the determination of the levels of some of the red cell metrics using a Sysmex automated haematology analyzer. The supravital staining technique was used for reticulocyte count (RC), and data obtained was analyzed with SPSS. 

Results: The study recorded a statistically significant low level of red blood cell count and increased reticulocyte count among the Test group when compared with the Control groups as p<0.05, but no statistically significant differences (p>0.05) were observed in the other parameters. Using Pearson correlation, there was a statistically significant moderate positive correlation with HGB, (r) = 0.38 and P=0.04. Degree of canities had statistically insignificant correlations/associations with all the parameters among the Test group of the study participants using Pearson correlation and Ordinal logistic regression. 
Conclusion: This study revealed the involvement of reduced red blood cell count and increased reticulocyte count in premature canities. More studies with different populations are needed.
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1. INTRODUCTION
Canities is simply gray hair, and red blood cells are one of the elements of the blood that transport respiratory gases and other nutrients in the body. Hair is one of the features or attributes of mammals, the animals to which humans belong (Prashant et al., 2024; Abdel and Hossam, 2018; Kumar et al., 2018). Every hair on the head comprises two sections: a pole (shaft) and a root (Prashant et al., 2024; Parihar et al., 2023). The root contains the follicles with pigment cells known as melanocytes that produce melanin, which gives hair its unique colour (Papaccio et al., 2022). As individual ages, usually the intensity of the melanocytes diminishes which will bring about new hair strands losing their colour and getting to be gray, silver and in the long run white (Lenox-Prince et al., 2024; Prashant et al., 2024; Wang et al., 2023). Though canities occur as one grows older, they can start at an early age (premature Canities) (Lenox-Prince et al., 2024; Anaba et al., 2022). Canities typically start at 20 years in the whites, mid-30s in Asians, and mid-40s in Africans. However, when the onset of canities is before the age of 20 years in Caucasians, before 25 years in Asians and before 30 years in Africans it is considered as premature canities (Prashant et al., 2024; Anaba et al., 2022; Aktas and Erbas, 2021).  Premature canities have been an elusive entity with little known about its clinical manifestations or etiopathogenesis. It is not only mainly considered a genetic disorder with an autosomal dominant inheritance but has also been reported as a part of many syndromes, such as Waardenburg syndrome, Book's syndrome, and progeria (Aktas and Erbas, 2021). Other causes include low levels of red blood cell metrics such as haemoglobin concentration, etc; smoking, depression, stress, inadequate rest, accumulation of reactive oxygen species (ROS), not eating a balanced diet, lack of supplements, vitiligo, hypothyroidism and other medical problems (Lenox-Prince et al., 2024; Anaba et al., 2022; Aktas and Erbas, 2021; Saxena et al., 2020). Red cell distribution width (RDW) is an inflammatory marker that is simple and readily assessed (Hammed et al., 2023), it gives a clue of the heterogeneity and variability of red blood cells (Krutul et al., 2015). When RDW is higher than normal, it indicates an increase in varying sizes of red blood cells (anisocytosis) as well as reduction in iron levels (iron deficiency). In gradual reduction of iron levels, an increase in RDW is first observed even before the appearance of anaemia (Janz et al., 2013).  Reduced iron level would lead to under production of red blood cells given rise to low red blood cell count (anaemia) which can also contribute to premature canities as the melanocytes would be deprived of oxygen supply for normal functioning. Programmed death ligand 1 (PDL1) is responsible for T cell activation, proliferation, and cytotoxic secretion (Abdel-Hafeez et al., 2021), as well as promoting sensitivity to ferroptosis (Wang et al., 2024), which is an iron-dependent nonapoptotic cell death caused by the accumulation of lipid reactive oxygen species (ROS) (Jiang et al., 2021). The melanogenesis process generates ROS as byproducts, excess level of the ROS can disrupt normal cellular functions and cause oxidative stress in melanocytes (Acer et al., 2020). Transforming growth factor beta (TGF-β) regulates immune reactions (Abdel-Hammed et al., 2022) and induces both pro- and anti-apoptotic signals (Caja et al., 2011). Edibamode et al. (2024) reported a positive association between smoking as well as alcohol intake and premature canities. Smoking induces reactive oxygen species which are harmful to the melanin producing cells. Despite the rising occurrence of premature canities, in-depth investigations into the root causes of premature graying are scarce (O'Sullivan et al., 2021). Though some researchers have associated the development of premature gray hair to some haematological parameters (red blood cell metrics) such as low red cell count, etc, the potential link between premature graying and these parameters has yet to be thoroughly explored (Sharma and Dogra, 2018). Graying of hair due to age and genetics cannot be reversed. In the case of premature hair graying and graying of hair due to other conditions, the treatment would be directed to the cause of the graying (Juhász and Atanaskova, 2020). A study by Choi et al. (2016) proved an association between iron deficiency anaemia and premature canities and the reversal of the canities with iron supplements and oral ferrous sulfate 40mg/day. Prashant et al. (2024) performed an observational study on 40 self-reported cases of premature canities. Serum levels of ferritin, vitamin D3, vitamin B12, and haemoglobin were measured for each patient. Two groups of patients were created; group A consisted of prepubertal patients, and group B included postpubertal patients. In group A, 75% of patients had haemoglobin deficiency, while 25% had it in group B. Bhramaramba et al. (2016) conducted another cross-sectional observational study with 1400-degree college students aged 18 to 30 years on the clinic-epidemiological aspects of premature canities and the correlation of haemoglobin levels in patients with premature canities. Premature graying of the hair was screened for study participants, and those who were found to have it underwent a clinic-epidemiological investigation. Haemoglobin levels were measured, and the data was analyzed, and 11.00% of the subjects had low haemoglobin concentration (anaemia). Therefore, this study assessed red cell metrics among individuals with premature canities.
2. MATERIALS AND METHODS

2.1 Study Area
This study was conducted in Port Harcourt, the capital and largest city of Rivers State, Nigeria in December 2022 to January 2023. Rivers State is located in the South-South geopolitical zone of the country at latitude of 4o31-5o31 and longitude 6o31-7o21 (Ogbuigwe, 2018).

Study Design
This study adopted a cross-sectional design. Three groups were involved: a Test group made up of subjects with premature canities, a Negative Control group which were age-matched subjects with the Test group but without canities, and a third group making the Positive Control group consisted of subjects with normal onset of canities.  Simple random sampling techniques and well-structured self-administered questionnaires were employed. One time, blood samples were collected. 
2.2 Sample Size 
The sample size was calculated using F tests - ANOVA: Fixed effects, omnibus, one-way with G*power statistical package version 3.1.9.2 (2014) as described by Kang (2021). This was used to obtain the minimum sample size of 27 for the test group. Non-Response: 10% Non-Response to make up for loss was also calculated.  10% of minimum sample size = 10% of 27= 10/100 x 27 = 2.7. Therefore, 27 + 2.7 = 29.7 approximately 30. This gave a sample size of 30 subjects for the test group; equal numbers of (30 subjects) were included as Negative and Positive Controls which made the total subjects recruited for this study to be 90. 
2.3 Eligibility Criteria
Apparently healthy individuals with or without premature canities under the age of 30 years and individuals whose canities started from 30 years and above and were not on multivitamin or blood supplements within the last four months who consented were included in the study. Individuals below 30 years with or without premature canities and those whose canities started from 30 years and above who did not give their consent were excluded from the study. Also, individuals who were on multivitamin or blood supplements within four months were excluded.
2.4 Specimen Collection, Transportation and Preparation 
Five milliliters (5.00ml) of venous blood sample was collected from each study subject once by venipuncture into an ethylene diamine tetraacetic acid (EDTA) sample container using a vacutainer collection technique. The sample was used for full blood count and reticulocyte count and analyzed within six (6) hours of collection. All the samples were transported from the point of collection to the points of sample preparation, and analysis with the help of sample carriers. 
2.5 Methods of Analysis
Automation method was used to determine the levels of the red blood cell metrics ((haemoglobin concentration(HGB), haematocrit (HCT), red blood cell count(RBC), mean cell volume(MCV), mean cell haemoglobin (MCH), mean cell haemoglobin concentration(MCHC), red cell distribution width(RDW)) with the Sysmex XP-300 automated haematology analyzer (Kobe, Japan) as described by Hanchinal et al. (2021); Hassan and Abdelrahman, (2015)  and Sysmex XP-300 Operator’s Manual, (2010). Supravital staining (New Methylene Blue) technique was used for reticulocyte count (RC). 

2.5.1 Full Blood Count 
2.5.1.1 Method
Automated method was used	
2.5.1.2 Principle 
The principle of the Sysmex XP-300 automated haematology analyzer used was based on Coulter’s principle. It allows whole blood to pass between two electrodes through an aperture so narrow that only one cell can pass through at a time. The impedance changes as a cell passes through, so that the change in impedance is proportional to cell volume, resulting in a cell count and measure of volume. 
2.5.1.3  Procedure 
The procedures below were all done at the same aspiration by the automated analyzer with each EDTA sample collected from the participants. The blood sample was mixed properly using a roller mixer. The automated analyzer XP-300 was turned on to boot. The participant sample identification number was entered into the machine, and the sample was introduced to the machine through the sample probe. The sample container was held continuously to the probe, allowing it to aspirate the blood sample until a beep was heard. Then the machine analyzed and estimated the parameters. The result was displayed on the screen and printed out. 

2.5.2 Reticulocyte (Retics) Count
2.5.2.1 Method 
Pradhan and Gurung (2023) and Cheesbrough (2004) described the supravital staining (new methylene blue) and Push/Wedge methods, which were used.
2.5.2.2 Principle 
When blood is mixed with an isotonic solution of a supravital stain (new methylene blue) and incubated, the red cell's ribonucleic acid (RNA) gets precipitated as a dark blue network or reticulum. A thin blood smear was made and examined under a microscope. Retics are recognized by the violet-blue stained granules of ribosomal RNA (reticulins) they contain. The retics count is expressed as a percentage. 
2.5.2.3 Procedure 
The desired number of glass tubes were secured and adequately labeled. Two (2) drops of retics fluid was placed into each of the glass tubes. Two (2) drops of well-mixed ethylene diamine tetra acetic acid (EDTA) blood samples (test and control samples) were added to the glass tubes respectively. The glass tubes were incubated at 37°Cfor 10-15 minutes or left at room temperature for 30-45 minutes. Upon removal, the contents were resuspended gently. A thin film was made on a clean, grease-free glass slide and allowed to air dry. Then, the cells were counted microscopically using an oil immersion objective. 
Calculation
After the counting of the cells, the calculation was done with the formula: 
 No. of Reticulocytes   × 100
No. of red blood cells

2.6 Grading of Canities
This was graded into three groups as follows: Group a (Mild) with<10 gray hairs, Group b (Moderate) with 10–100 gray hairs, and Group c (Severe) with>100 gray hairs as described by Shin et al. (2015).



2.7 Data Analysis
Data obtained were analyzed, descriptively (percentage/frequency) and inferentially (ONE-WAY ANOVA, Pearson Correlations and ordinal logistic regression analysis using the Statistical Package for Social Sciences (SPSS) Version 27, P-values less than 0.05 were considered statistically significant. 
3. RESULTS AND DISCUSSION
3.1 Results
Table 1 shows the percentage frequency distribution of the socio-demographic characteristics (number of subjects, gender, and age) of the study participants. A total of 90 subjects were recruited for this study, of which 30(33.30%) were Test subjects (individuals with premature canities), 30(33.30%) were Negative Control subjects (individuals under the age of 30 years without canities) and 30(33.30%) were Positive Control subjects (individuals with normal onset of canities (canities starts from 30 years and above). From 90 study participants 43(47.80%) were males while 47(52.20%) were females. In the Test group 18(60.00%) were males and females were 12(40.00%), in the Negative Control Group 14(46.70%) were males whereas 16(53.30%) were females and in the Positive Control Group there were 11(36.70%) males and 19(63.30%) females. 
The study participants were between the ages of 8 and 62, and the age was grouped into 8-18, 19-29, 30-40, 41-51, and 52-62 years. The percentage frequency distributions of age were 8(8.90%), 52(57.80%), 8(8.90%), 13(14.40%) and 9(10.00%) respectively among the total study participants. Among the Test and Negative Control groups the distributions were 5(16.70%) and 25(83.30%), and 3(10.00%) and 27(90.00%) for the 8-18 years and 19-29 years age ranges respectively, whereas among the Positive Control subjects it was 8(26.70%), 13(43.30%) and 9(30.00%) for the age ranges of 30-40 years, 41-51years and 52-62 years respectively. 









Table 1 Percentage Frequency Distribution of Socio-Demographic Characteristics of the 
    Study Participants.

	Characteristics
	Test
	Control 1
	Control 2
	Total

	٭Number of Subjects
	30(33.33%)
	30(33.33%)
	30(33.33%)
	90(100.00%)

	٭Gender
   Male
   Female
	
18(60.00%)  12(40.00%)

	
14(46.70%)
16(53.30%)
	
11(36.70%)
19(63.30%)
	
43(47.80%)
47(52.20%)

	٭Age Range (years)
   8-18
   19-29
   30-40
   41-51
   52-62
	
5(16.70%)
25(83.30%)

	
3(10.00%)
27(90.00%)

	


8(26.70%)
13(43.30%)
9(30.00%)

	
8(8.90%)
52(57.80%)
8(8.90%)
13(14.40%)
9(10.00%)


*= Socio-demographics, Control 1 = Negative control subjects, Control 2 = Positive control subjects
Figure 1 presents the percentage frequency distribution of the degree of canities for both the Test and the Positive Control groups of the study participants, the degree of canities was graded into three categories mild (less than 10 strands of gray hair), moderate (10-100 strands of gray hair) and severe (above 100 strands of gray hair) based on the number of gray hairs found.  Among the total participants, the percentage frequency distribution of the degree of canities recorded in this study was 26(43.30%) mild degree of canities, 13(21.70%) moderate graying, and 21(35.00%) severe graying. 


Figure 1: Percentage Frequency Distribution of the Degree of Canities for both the Test    
               and the Positive Control Groups of the Study Participants

Figure 2 shows the percentage frequency distribution of the degree of canities for the Test group of the study participants. In the Test group, 21(70.00%) participants had mild canities, 6(20.00%) subjects had moderate graying and 3(10.00%) subjects had severe canities. 


Figure 2: Percentage Frequency Distribution of the Degree of Canities for the Test Groupof the Study Participants

Figure 3 shows the percentage frequency distribution of the degree of canities for the Positive Control group of the study participants. In the Positive Control group, 5(16.70%) participants had mild graying, 7(23.30%) had moderate graying and 18 participants (60.00%) have severe canities.


(A)

(B)

  Figure 3 (A,B): Percentage Frequency Distribution of the Degree of Canities for the Positive    
                Control Group of the Study Participants

Table 2 compares the mean and standard deviation of the haematological parameters (haemoglobin concentration (HGB), haematocrit (HCT), red blood cell count (RBC), mean cell volume (MCV), mean cell haemoglobin (MCH), mean cell haemoglobin concentration (MCHC), red cell distribution width (RDW) and reticulocyte count (RC) of the study participants using analysis of variance (ANOVA) and Post-Hoc Tukey HSD tests.  
The result of this study showed the mean and standard deviation of the red blood cell metrics, HGB, HCT, RBC, MCV, MCH and MCHC for the Test, Negative Control (Control 1) and the Positive Control (Control 2) were found to be 12.83±1.62g/dL, 13.88±1.03g/dL and 13.50±1.47g/dL for HGB (P=0.17 and F=1.82); 37.00±5.00%, 38.00±3.00% and  40.00±4.00% respectively for HCT (P=0.06 and F=2.91); 4.37±0.68x1012/L, 4.57±0.61x1012/L and 4.81±0.45x1012/L  respectively for RBC (P=0.01 and F=4.31); 82.76±5.49fL, 82.67±6.77fL and 83.24±7.52fL respectively for MCV (P=0.06 and F=0.94); 29.16±2.05pg, 28.47±2.38pg and 28.39±2.87pg respectively for MCH (P=0.42 and F=0.88); 34.53±2.81g/dL, 34.15±2.02g/dL and 34.12±2.67/dL respectively for MCHC (P=0.78 and F=0.25); 14.62±3.95%, 14.15±3.97% and 13.87±1.37 respectively for RDW (P=0.32 and F=2.26) and 2.50±1.30%, 0.30±0.10% and 0.50±0.20% respectively for RC (P=0.00 and F=18.32). 
No statistically significant differences (p>0.05) were observed in the HGB, HCT, MCV, MCH, MCHC and RDW. However, there was a reduced statistically significant difference (P<0.05) in the red blood cell count and an increased statistically significant difference (P<0.05) in the reticulocytes count among the Test group when compared with the Control groups with P<0.05 in this study. Using Post Hoc Tukey HSD test, the statistically significant difference in RBC was observed between the Test and Positive Control groups and that of RC was between the Test group and the Negative Control group, as well as between the Test group and the Positive Control group but there was no statistically significant difference (P>0.05) between the Negative Control group and the Positive Control group.

























                 Table 2 Comparison of the Mean and Standard Deviation of Res Blood Cell Metrics among the Study Participants.

	Groups
	HGB(g/dL)
Mean±SD
	HCT(%)
Mean±SD
	RBC(x1012/L)
Mean±SD
	MCV(fL)
Mean±SD
	MCH(pg)
Mean±SD
	MCHC(g/dL)
Mean±SD
	RDW(%)
Mean±SD
	RC(%)
Mean±SD

	Test 
	12.83±1.62
	37.00±5.00
	4.37±0.68
	82.76±5.49
	29.16±2.05
	34.53±2.81
	14.62±3.95
	2.50±1.30

	Control 1
	13.88±1.03
	38.00±3.00
	4.57±0.61
	82.67±6.77
	28.47±2.38
	34.15±2.02
	14.15±3.97
	0.30±0.10

	Control 2
	13.50±1.47
	40.00±4.00
	4.81±0.45
	83.24±7.52
	28.39±2.87
	34.12±2.67
	13.87±1.37
	0.50±0.20

	F-value
	1.82
	2.91
	4.31
	0.06
	0.88
	0.25
	2.26
	18.32

	P-value
	0.17
	0.06
	0.01
	0.94
	0.42
	0.78
	0.32
	0.00

	Remark
	NSS
	NSS
	SS
	NSS
	NSS
	NSS
	NSS
	SS

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Post Hoc
	
	
	
	
	
	
	
	

	T1 vs T2
	NSS (0.86)
	NSS (0.70)
	NSS (0.39)
	NSS (0.99)
	NSS (0.33)
	NSS (0.83)
	NSS (0.85)
	SS (0.00)

	  T1 vs T3
	NSS (0.16)
	NSS (0.05)
	SS(0.01)
	NSS (0.96)
	NSS (0.24)
	NSS (0.80)
	NSS (0.66)
	SS (0.00)

	T2 vs T3
	NSS (0.38)
	NSS (0.26)
	NSS (0.24)
	NSS (0.94)
	NSS (0.43)
	NSS (1.00)
	NSS (0.94)
	NSS (0.86)


p< 0.05 = statistically significant
Key: T1= Test, T2= Control 1, T3= Control 2, SS = statistically significant, NSS = Not statistically significant, SD= Standard Deviation, RBC= Red Blood Cell Count, HGB=Haemoglobin concentration, HCT= Haematocrit, MCV= Mean Cell Volume, MCH= Mean Cell Haemoglobin, MCHC= Mean Cell Haemoglobin Concentration, RDW= Red cell Distribution Width, RC= Reticulocyte Count.

Figure 4 showed the correlations between premature canities and the red blood cell metrics (haemoglobin concentration (HGB), haematocrit (HCT), red cell count (RBC), mean cell volume (MCV), mean cell haemoglobin (MCH), mean cell haemoglobin concentration (MCHC), red cell distribution width (RDW) and reticulocyte count (RC)) among the study participants. 
Using the Pearson correlation, the correlation between premature canities and HCT, RBC, MCV, MCH, MCHC and RDW showed weak positive correlations with the coefficient of correlation (r) = 0.24, 0.16, 0.17, 0.11, 0.11 and 0.04 and P= 0.21, 0.39, 0.35, 0.56, 0.56 and 0.80 in the same order. The HGB showed a statistically significant moderate positive correlation with a coefficient of correlation (r) = 0.38 and P=0.04; that between premature canities and RC showed a weak negative correlation (r = -0.28) with a P-value of 0.14.



Figure 4 Correlation between Premature Canities and Red Blood Cell Metrics among the
               Study Participants.

P<0.05 = statistically significant 
P values: PC*HGB= 0.04, PC*HCT = 0.21, PC*RBC= 0.39, PC*MCV= 0.35, PC*MCH= 0.56, 
PC*MCHC =0.56, PC*RDW= 0.80, PC*RC =0.14


Key: PC = Premature Canities, Haemoglobin concentration = (HGB), Haematocrit = (HCT), Red 
Blood Cell Count = (RBC), Mean Cell Volume = (MCV), Mean Cell Haemoglobin = (MCH), Mean Cell Haemoglobin Concentration = (MCHC), Red Cell Distribution Width= (RDW) and Reticulocyte Count = (RC). WNC= Weak Negative Correlation, WPC= Weak Positive Correlation, MPC= Moderate Positive Correlation, * = and.

Table 3 presents the correlation between degree of canities and the red blood cell metrics (haemoglobin concentration (HGB), haematocrit (HCT), red cell count (RBC), mean cell volume (MCV), mean cell haemoglobin (MCH), mean cell haemoglobin concentration (MCHC), red cell distribution width (RDW) and reticulocyte count (RC)) of the Test group among the study participants using Pearson correlation. 

The result obtained from this study revealed that degree of canities had statistically not significant weak positive correlations with HCT, RBC, MCV, MCH, RDW and RC with coefficient of correlation r = 0.25, 0.11, 0.22, 0.25, 0.28 and 0.26 and P = 0.19, 0.57, 0.19, 0.07, 0.14 and 0.16 in the same order. The correlation between the degree of canities and HGB was a moderate positive correlation with a correlation coefficient r = 0.53 and P = 0.78.   Finally, a strong negative correlation was observed between the degree of canities and MCHC with a coefficient of correlation r = -0.94 and P = 0.62.

Table 3 Correlation between Degree of Canities and Red Blood Cell Metrics among the Test Group of the Study Participants.

	Variables
	N
	r
	r-Interp.
	P-value
	Remarks

	DC*HGB
	
	0.53
	MPC
	0.78
	NSS

	DC*HCT
	
	0.25
	WPC
	0.19
	NSS

	DC*RBC
	
	0.11
	WPC
	0.57
	NSS

	DC*MCV
	
	0.22
	WPC
	0.19
	NSS

	DC*MCH
	
	0.25
	WPC
	0.07
	NSS

	DC*MCHC
	
	-0.94
	SNC
	0.62
	NSS

	DC*RDW
	
	0.28
	WPC
	0.14
	NSS

	DC*RC
	
	0.26
	WPC
	0.16
	NSS


P< 0.05= Statistically Significant
Key: DC = Degree of Canities, Haemoglobin concentration = (HGB), Haematocrit = (HCT), Red Cell Count = (RBC), Mean Cell Volume = (MCV), Mean Cell Haemoglobin = (MCH), Mean Cell Haemoglobin Concentration = (MCHC), Red Cell Distribution Width = (RDW) and Reticulocyte Count = (RC), N = Number of Subjects, r = coefficient of correlation, WPC = Weak Positive Correlation, MPC = Moderate Positive Correlation, SNC = Strong Negative Correlation, * = and, N = Number of subjects.


Table 4 presents the ordinal logistic regression analysis of the effect of the red blood cell metrics on the degree of canities among the study participant's Test group (individuals with premature canities). There were statistically not significant associations between these parameters and the degree of canities, as all P-values were greater than 0.05. This means that, according to this model, they do not have a significant independent effect on the degree of canities. 


Table 4 Ordinal Logistic Regression  Analysis of  the Effect  of  the Red Blood Cell  
      Metrics on the Degree of Canities among the Test Group of the Study Participants


	Variable
	Estimate
	Odd ratio
	Sig.
	Remark

	HGB*DC
	-0.30
	0.74
	0.51
	NSS

	HCT*DC
	-0.02
	0.99
	0.99
	NSS

	RBC*DC
	-1.15
	3.16
	0.10
	NSS

	MCV*DC
	0.07
	1.07
	0.28
	NSS

	MCH*DC
	-0.03
	0.97
	0.87
	NSS

	MCHC*DC
	-0.01
	0.99
	1.00
	NSS

	RDW*DC
	0.02
	1.02
	0.73
	NSS

	RC*DC
	1.47
	0.23
	0.24
	NSS


P< 0.05= Statistically Significant
Key: DC = Degree of Canities, Haemoglobin concentration = (HGB), Haematocrit = (HCT), Red Cell Count = (RBC), Mean Cell Volume = (MCV), Mean Cell Haemoglobin = (MCH), Mean Cell Haemoglobin Concentration = (MCHC), Red Cell Distribution Width = (RDW) and Reticulocyte Count = (RC), Estimate = coefficient of regression, Sig.= P-value

3.2 Discussion
In this study, the assessment of red blood cell metrics among individuals with premature canities revealed that a total of 90(100.00%) subjects were recruited and divided into three equal groups: a test group and two control groups. The Test group was made up of 30 subjects with premature canities below the age of 30 years, those in the first control (Control 1) group were 30 subjects under the age of 30 years without canities (Negative Control group) and the participants in the second control (Control 2) group were also subjects of 30 years and above with typical onset of canities (Positive Control group).

   There were more females (47) than males (43) among the total study participants and in the two control groups compared to the test group with more males. Generally, the higher number of females in the study participants may be because females are more flexible and convincing than males. Also, higher numbers of females were encountered during this research. The Test group had more males with premature canities than females, and this might be because men are said to be more affected. This study agrees with that of Anaba et al. (2022), Chandran et al. (2022), and Yadav et al. (2022), which reported a higher prevalence of gray hair among males compared to females. It disagrees with the studies of Sonthalia et al. (.2017), which recorded equal gender distribution, and Bhramaramba et al. (.2016), which reported more females with premature gray hair than males among their study participants.

   Both children and adults can develop canities as the participants in this study ranged from 8 to 62 years with 19-29 years age range having the highest percentage and the 8-18 age range having the least. The subjects of 19-29 years age range were more because two groups (the Test and Negative Control groups) of this study were below the age of 30, and at that age range (19-29 years), the subjects do not require parental consent to participate. This study agrees with Anaba et al. (2022) and Choi et al. (2016), who worked with different age grades.
Among the Test and Positive Control groups with canities, the degree of canities was graded into three categories: mild, moderate, and severe based on the number of gray. The mild degree of canities was the most prevalent among the test subjects in this study, while the positive and severe degrees were more prevalent. These findings could be age-related and the onset or duration of canities. This study was similar to that of Yadav et al. (2022) and that of Bhramaramba et al. (2016) which reported mild canities as the most prevalent among the Test subjects.
There were statistically significant reduced and increased differences (p<0.05) in the levels of red blood cell count (RBC) and reticulocyte count (RC) respectively in the Test group when compared with the Control groups in this study. The statistically significant difference in RBC was observed between the Test and Positive Control groups, and those of RC were between the Test group and the Negative Control group, as well as between the Test group and the Positive Control group. However, there was no statistically significant difference between the Negative Control and Positive Control groups. The observed statistically significant differences in the red blood cell count and reticulocyte count raise the suspicion that premature canities could be accompanied by some haemopoietic pathology resulting in red blood cell depletion and its compensatory reticulocytosis. To buttress more, the Post Hoc Tukey HSD test showed statistically insignificant differences between the Negative Control and Positive Control groups. This justifies the foregoing and underscores the underlying effect of low red cell count in premature canities among the study subjects. A low level of red blood cells can result in oxygen deprivation to the melanocytes, which could lead to the death of the melanocytes and eventually premature canities. Non-statistically significant differences were observed in HGB, HCT, MCV, MCH, MCHC, and RDW levels.  The finding on haemoglobin concentration in this study was in line with that of Sonthalia et al. (2017) and that of Chakrabarty et al. (2016), as they also reported no statistically significant difference in HB levels between subjects with premature canities and non-premature canities subjects. This study was in contrast with the studies of Chandran et al. (2022) and that of Bhramaramba et al. (2016) who reported statistically significant lower level of haemoglobin concentration in PHG subjects compared to non-PHG subjects.
There were no statistically significant correlations between premature canities HCT, RBC, MCV, MCH, MCHC, and RDW, except for haemoglobin concentration (HGB) that had a statistically significant (P=0.04) correlation using Pearson correlation analysis. Degree of canities had statistically insignificant (P>0.05) correlations with all red cell metrics among the Test group of the study participants. Finally, the ordinal regression analysis of the effect of haemoglobin concentration (HGB), haematocrit (HCT), red cell count (RBC), mean cell volume (MCV), mean cell haemoglobin (MCH), mean cell haemoglobin concentration (MCHC), red cell distribution width (RDW) and reticulocyte count (RC))The degree of canities among the test group (individual with premature canities) of the study participants also showed no statistically significant associations.

3.3 Conclusion
This study recorded statistically significant reduced level of red blood cell count (RBC) and statistically significant increased level of reticulocyte count among the subjects with premature canities compared to the other groups. Though there were individual group differences for other parameters, they were not statistically significant. Different degrees of correlations were observed; premature canities had statistically significant positive correlations with haemoglobin concentration. Ordinal regression analysis revealed no statistically significant associations between the red blood cell metrics and the degree of canities. Therefore, the premature canities may be pointing more to the study participants' low levels of red blood cells. 
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