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ABSTRACT

 

Background:

 Globally, HIV remains a major public health concern, with sub-Saharan Africa bearing the greatest burden. 

Despite advances in antiretroviral therapy, complications such as coagulation abnormalities and subclinical kidney injury 

continue to contribute to morbidity and mortality among people living with HIV. This study compared the influence of 

age and gender on D-dimer, neutrophil gelatinase-associated lipocalin (NGAL), and CD4

⁺

 T-cell counts among HIV-

infected patients and healthy controls.  

Methods:

 A case-control study was conducted among 50 randomly selected HIV-infected patients and 40 healthy controls 

at a tertiary hospital. Ethical approval was obtained from the Health Research Ethics Committee of Nnamdi Azikiwe 

University Teaching Hospital (NAUTH), reference number NAUTH/CS/66/VOL.16/VER.3/70/2025/220. Written 

informed consent was obtained from all participants. Data were expressed as mean ± standard deviation and analyzed 

using the independent Student’s t

-test, with significance set at p < 0.05.  

Results:

 HIV-infected participants had significantly lower CD4

⁺

 counts and higher D-dimer and NGAL levels than 

controls (p < 0.01). Gender showed no significant influence on these parameters among HIV-infected participants. In 

controls, CD4

⁺

 count and D-dimer differed significantly by gender (p < 0.01), whereas NGAL did not (p = 0.760). Age 

was not significantly associated with CD4

⁺

 count, D-dimer, or NGAL in either group.  

Conclusion:

 HIV infection was associated with reduced CD4

⁺

 counts and elevated D-dimer and NGAL, irrespective of 

age or gender. Routine HIV monitoring should, where feasible, include these biomarkers to facilitate early detection of 

coagulation and renal abnormalities. 
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 HIV, CD4

⁺

 T-cell count, D-dimer, Neutrophil Gelatinase-Associated Lipocalin (NGAL), immune activation, 

coagulation, renal injury, antiretroviral therapy, Nnewi-North, Anambra State
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INTRODUCTION

Globally, HIV continues to affect millions of population. This is due to factors such as frequent

individuals, although the overall burden has declined exposure, limited control over condom use, and stigma.

compared to earlier decades due to improved access to Structural issues like poverty and criminalization

ART and preventive measures. (1). UNAIDS estimates further increase vulnerability.9

that between 39 and 41 million people were living with Young people, especially adolescent girls and young


	HIV	worldwide in 2023, with	sub-Saharan Africa	women, are disproportionately affected (6) . Contributing

	accounting for the majority of cases.		1	factors include early sexual activity, gender inequality,

	The	number of new infections	has significantly	inadequate health education, and biological



decreased since the late 1990s, yet transmission persists. susceptibility.6

Approximately 1.3 million new infections were recorded The epidemiology of HIV focuses on how the infection

globally in 2023, indicating ongoing challenges in is distributed across populations, as well as the factors

controlling the epidemic (1). Progress in reducing influencing its spread.2 Despite significant progress in

incidence has not been uniform, with some regions prevention and treatment, HIV remains a major public

experiencing slower declines.1 health concern, especially in low- and middle-income

Mortality associated with HIV/AIDS has also reduced countries. Variations in prevalence and incidence are

considerably, largely due to ART. Annual deaths have influenced by Demographic, social, economic,

declined from over 2 million in the early 2000s to about behavioural, and healthcare-related determinants.

630,000 in 2023.1 However, HIV remains a lifelong Hence, understanding these patterns and the levels of

condition, and complications continue to contribute to the biomarkers and CD4 is essential for designing

illness and death, particularly in resource-limited effective interventions and public health strategies.

environments.

Among these complications, coagulation activation and METHODOLOGY

subclinical kidney damage are particularly concerning, as Study Design: This is a case-control study that explores

they may progress silently and result in severe outcomes. the influence demographics factors (Age and Gender)

D-dimer, a marker of fibrin degradation, has consistently on the level of biomarkers (NGAL AND D-dimers) and

been shown to be elevated in HIV-infected individuals CD4 count in HIV Infected patients and their control at

and is independently associated with an increased risk of a given time

all-cause mortality and cardiovascular events, even in Study Area: The study was carried out in Nnewi North

patients with controlled viral load.2,,3 Similarly, Local Government Area of Anambra State, Nigeria. The

Neutrophil Gelatinase-Associated Lipocalin (NGAL) is primary study site was Nnamdi Azikiwe University

a well-established early biomarker for acute kidney injury Teaching Hospital, a tertiary healthcare institution that

(AKI) and systemic inflammation, and elevated levels provides specialized medical services, including a well-

have been reported in HIV patients, often preceding established HIV/AIDS care and treatment program.

overt kidney dysfunction.4,5 Laboratory facilities within the hospital were utilized for

Gender and age disparities are evident globally. Women specimen collection, processing, and biochemical

and girls constitute more than half of the HIV-infected analysis.

population, while young individuals aged 15–24 years Nnewi is a prominent Igbo town located in southeastern

account for a significant proportion of new infections (6). Nigeria and serves as the headquarters of Nnewi North

HIV disproportionately affects certain vulnerable Local Government Area in Anambra State (18). The

groups due to biological, social, and structural factors.7,8 hospital comprises multiple clinical departments and

Transmission from mother to child remains a key route specialized units, with about fourteen main departments

of infection in children.1 It can occur during pregnancy, and corresponding wards. It has a bed capacity

delivery, or breastfeeding. Although prevention exceeding 400 and employs a large workforce of both

programs have reduced transmission rates, new pediatric clinical and non-clinical staff (18).

infections still occur, especially in sub-Saharan Africa. Study Population: The study participants were divided

Factors such as delayed diagnosis and inconsistent ART into two categories:

use contribute to ongoing transmission.1

• HIV-positive group: Individuals receiving care at

Sex workers, particularly females, have significantly the HIV clinic of NAUTH.

higher HIV prevalence compared to the general
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• Control group: Individuals confirmed to be HIV- • Control group: HIV-negative individuals

negative through screening and free from known matched for age and sex, confirmed through

chronic or infectious diseases. recent screening.

Sample Size: Sample size determination was guided by Inclusion Criteria: Participants eligible for the study

previous case-control studies investigating coagulation met the following criteria:

biomarkers in HIV populations. For instance, • Adults aged 18–60 years.

Derigubah et al. (9) recruited 76 participants (38 HIV-

• Confirmed HIV-positive individuals who had

positive and 38 HIV-negative individuals) to evaluate D- been on ART for at least six months.

dimer levels. The sample size was determined using the For the control group:


	formula for comparing two independent means:	•	Individuals confirmed HIV-negative.

	where n is the minimum sample size required per Exclusion group, Zα/2 is the standard normal deviate at a 5% level individuals were excluded: of significance (1.96), Zβ is the standard normal deviate corresponding to 80% statistical power (0.84), σ is the pooled standard deviation, and (μ1−μ2) represents the expected difference in mean values between HIV- positive participants and HIV-negative controls. Using effect-size estimates obtained from relevant previous studies and applying a 5% significance level	• • • • •	Apparently healthy persons without chronic medical conditions, including screened blood donors, students, or staff. Criteria: The following categories of Persons co-infected with hepatitis B, hepatitis C, or tuberculosis. Individuals with known chronic kidney or liver diseases. Pregnant women. Individuals who had undergone recent surgical procedures.



with 80% power, the minimum required sample size was • Participants currently receiving anticoagulant

calculated. An allowance was subsequently made for therapy.

possible non-response or incomplete data. The final • Individuals on nephrotoxic medications.

sample comprised 90 participants, including 50 HIV-

positive participants and 40 HIV-negative controls. This Ethical Considerations and Limitation of the Study

sample size was considered adequate to detect Ethical clearance was obtained from the Health

statistically meaningful differences in CD4⁺ T-cell count, Research Ethics Committee of Nnamdi Azikiwe

D-dimer, and NGAL levels between the two study University Teaching Hospital (NAUTH), with reference

groups. To enhance statistical reliability and precision, number:

the present study included a total of 90 participants, NAUTH/CS/66/VOL.16/VER.3/70/2025/220. All

distributed as follows: participants were adequately informed about the

• HIV-positive participants: 50 objectives and procedures of the study, and written

• HIV-negative controls: 40 informed consent was obtained from each participant

This allocation ensured adequate representation of the before enrolment. Confidentiality of participant

study group while maintaining a sufficient control group information was strictly maintained, and anonymity was

for meaningful comparisons. ensured throughout the study. Participation was entirely

Sampling Technique: A simple random sampling voluntary, and individuals were free to withdraw at any

method was applied to recruit participants for both stage without any consequences.

groups. Instrument: A semi-structured questionnaire was

• HIV-positive group: Individuals aged 18–60 designed to collect relevant information from

years, either receiving ART or ART-naïve, who participants. It included sections on demographic

provided consent and had no significant characteristics. These data were used to explore possible

comorbid conditions such as tuberculosis, associations between biomarker levels and personal

hepatitis, or chronic kidney disease. variables.
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Sample collection and processing: Approximately 5 Determination of NGAL using ELISA: Samples and

mL of venous blood was collected aseptically from each standards were added to antibody-coated wells and

participant using standard venipuncture procedures. incubated. After washing, detection antibodies and

• Blood samples were dispensed into EDTA tubes enzyme conjugate were added. Following further

for plasma separation (used for D-dimer and washing, substrate solution was introduced for color

NGAL analysis) and plain tubes for serum development. The reaction was stopped and absorbance

preparation. read at 450 nm. NGAL concentrations were calculated

• Samples were centrifuged at 3000 rpm for 10 using a standard curve.

minutes to separate plasma or serum. Quality Control: To ensure accuracy and reliability:


	•	The	separated	components	were	transferred		into	•	Control samples were included in each assay	

		labeled cryovials and stored at			–	20°C until analysis.				run.	

	•	Each sample was assigned a unique identification							•	All measurements were	performed in

		code	and	processed within		the	recommended			duplicate.	

		stability period of the assay kits.							•	Manufacturer’s guidelines	were strictly

	Determination			of D- dimer	using		ELISA:	All		followed.	



reagents and samples were brought to room temperature • Laboratory conditions such as temperature and

prior to analysis. Standards and samples were added to timing were carefully monitored.

microplate wells and incubated to allow antigen binding. Data Analysis: Data analysis was conducted using SPSS

After washing to remove unbound substances, enzyme version 22. Results were presented as mean ± standard

conjugate was added and incubated further. Following deviation. Differences between groups were evaluated

another washing step, substrate solution was introduced using the independent Student’s t-test. Statistical

to produce a color change. The reaction was stopped significance was set at p < 0.05.

using acid, and absorbance was measured at 450 nm. D-

dimer concentrations were determined using a

calibration curve.

RESULTS

Table 1: CD4+ Count, D-DIMER and NGAL level in HIV infected group and control group

HIV CONTROL

Parameters n = 50 n = 40 t-value p-value

CD4+ (cell/uL) 692.92±0.05 1225.73±0.02 -7.547 0.01(S)

D-DIMER (mg/L) 1.96±0.02 0.03±0.01 3.996 0.01(S)

NGAL (ng/mL) 133.53±0.03 86.65±0.02 2.401 0.018(S)

Table 1 presents the mean values of CD4⁺ count, D-dimer, and NGAL among HIV-positive participants compared with

the control group. The average CD4⁺ count in HIV-infected individuals was 692.92 ± 0.05 cells/µL, whereas the control

group recorded a higher value of 1225.73 ± 0.02 cells/µL. In contrast, D-dimer levels were markedly elevated in the HIV

group (1.96 ± 0.02 mg/L) compared to controls (0.03 ± 0.01 mg/L). Similarly, NGAL levels were higher in HIV-positive

participants (133.53 ± 0.03 ng/mL) than in the control group (86.65 ± 0.02 ng/mL). Statistical analysis showed that these

differences were significant (p < 0.05). Specifically, HIV-infected individuals had significantly lower CD4⁺ counts but

significantly higher D-dimer and NGAL levels relative to the control group.

Table 2: CD4+ Count, D-DIMER AND NGAL level in male and female HIV-infected patients

MALE FEMALE

Parameters n = 20 n = 30 t-value p-value

CD4+ (cell/uL) 586.90±0.05 763.60±0.02 -1.682 0.099(NS)

D-DIMER (mg/L) 2.54±0.03 1.58±0.01 1.093 0.280(NS)

NGAL (ng/mL) 115.73±0.04 145.40±0.02 -0.837 0.407(NS)

The Nigerian Health Journal, Volume 26, Issue 3

© The Author(s), 2026. Published by The Nigerian Medical Association, Rivers State Branch.

Downloaded from www.tnhjph.com

Print ISSN: 0189-9287 Online ISSN: 2992-345X 1362


The Nigerian Health Journal; Volume 26, Issue 3 – September, 2026

Age and Gender Differences in D-dimer, NGAL, and CD4 Levels Among HIV-Infected and Non-Infected

Obi et al

Table 2 compares CD4⁺ count, D-dimer, and NGAL levels between male and female participants within the HIV-infected

group. Male participants had a mean CD4⁺ count of 586.90 ± 0.05 cells/µL, D-dimer level of 2.54 ± 0.03 mg/L, and

NGAL level of 115.73 ± 0.04 ng/mL. Female participants showed higher CD4⁺ counts (763.60 ± 0.02 cells/µL) and

NGAL levels (145.40 ± 0.02 ng/mL), but lower D-dimer levels (1.58 ± 0.01 mg/L). However, statistical testing revealed

that these observed differences were not significant (p > 0.05), indicating that gender did not have a meaningful influence

on these parameters among HIV-infected individuals.

Table 3: CD4+ Count, D-DIMER AND NGAL level in male and female control group


		MALE	FEMALE		

	Parameters	n = 20	n = 20	t-value	p-value

	CD4 + (cell/uL)	1093.40±0.04	1358.05±0.02	-3.393	0.002(S)

	D-DIMER (mg/L)	0.037±0.02	0.027±0.01	2.901	0.006(S)

	NGAL (ng/mL)	85.85±0.05	87.45±0.03	-0.307	0.760(NS)



Table 3 shows the comparison of CD4⁺ count, D-dimer, and NGAL levels between male and female participants in the

control group. Male controls had mean values of 1093.40 ± 0.04 cells/µL for CD4⁺, 0.037 ± 0.02 mg/L for D-dimer, and

85.85 ± 0.05 ng/mL for NGAL. Female controls recorded higher CD4⁺ counts (1358.05 ± 0.02 cells/µL) and slightly

higher NGAL levels (87.45 ± 0.03 ng/mL), but lower D-dimer levels (0.027 ± 0.01 mg/L). The differences in CD4⁺ count

and D-dimer between males and females were statistically significant (p < 0.05), whereas NGAL levels showed no

significant variation between sexes (p > 0.05).

Table 4: Age Distribution of CD4+ Count, D-DIMER and NGAL level in HIV-infected patients

A B

Parameters n = 27 n = 23 t-value p-value

CD4+ (cell/uL) 723.93±0.06 656.52±0.04 0.637 0.527(NS)

D-DIMER (mg/L) 2.42±0.03 1.42±0.02 1.160 0.252(NS)

NGAL (ng/mL) 115.97±0.07 154.15±0.05 -1.101 0.276(NS)

Table 4 Illustrates the distribution of CD4⁺ count, D-dimer, and NGAL levels among HIV-infected participants based on

age groups. Participants aged 18–29 years (Group A) had mean values of 723.93 ± 0.06 cells/µL for CD4⁺, 2.42 ± 0.03

mg/L for D-dimer, and 115.97 ± 0.07 ng/mL for NGAL. Those aged 30–50 years (Group B) recorded 656.52 ± 0.04

cells/µL, 1.42 ± 0.02 mg/L, and 154.15 ± 0.05 ng/mL, respectively. Despite these differences, statistical analysis showed

no significant variation between the age groups (p > 0.05).

Table 5: Age Distribution of CD4+ Count, D-DIMER AND NGAL level in control group

A B

Parameters n = 14 n = 26 t-value p-value

CD4+ (cell/uL) 1242.50±0.08 1216.69±0.05 0.277 0.783(NS)

D-DIMER (mg/L) 0.03±0.01 0.032±0.01 0.159 0.874(NS)

NGAL (ng/mL) 88.64±0.06 85.58±0.04 0.563 0.576(NS)

Table 5 presents age-related comparisons of CD4⁺ count, D-dimer, and NGAL levels within the control group. For

individuals aged 18–29 years, the mean values were 1242.50 ± 0.08 cells/µL (CD4⁺), 0.03 ± 0.01 mg/L (D-dimer), and

88.64 ± 0.06 ng/mL (NGAL). For those aged 30–50 years, values were 1216.69 ± 0.05 cells/µL, 0.032 ± 0.01 mg/L, and

85.58 ± 0.04 ng/mL, respectively. No statistically significant differences were observed between the two age groups (p >

0.05), suggesting age had minimal impact on these parameters in the control population.
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DISCUSSION substantially during treatment, declining initially from

The present study demonstrated significant differences 301.0 to 172.0 and subsequently increasing to 226.0,


	in serum D-dimer and NGAL concentrations and CD4 ⁺	demonstrating that	coagulation abnormalities may

	T-cell counts between HIV-positive participants and	persist or fluctuate	despite treatment. The markedly



HIV-negative controls in Nnewi-North, Anambra State. elevated D-dimer observed in the present study

HIV-positive participants had significantly lower CD4⁺ therefore supports previous Nigerian evidence that HIV

infection is associated with a procoagulant state.18.

T-cell counts (692.92 ± 0.05 cells/µL) than controls

(1225.73 ± 0.02 cells/µL; p = 0.01), while D-dimer (1.96 The absence of a significant gender difference in D-

± 0.02 mg/L versus 0.03 ± 0.01s mg/L; p = 0.01) and dimer concentration in the present study is, however,

NGAL (133.53 ± 0.03 ng/mL versus 86.65 ± 0.02 noteworthy. Although male participants showed slightly

ng/mL; p = 0.018) were significantly higher among higher values than females, the difference was not

HIV-positive participants. These findings indicate that, statistically significant (p = 0.280). This suggests that,

despite advances in antiretroviral therapy (ART), HIV within this population, HIV-associated coagulation

infection may remain associated with persistent immune activation may be more strongly related to infection-

disturbance, activation of coagulation pathways and associated inflammation and immune activation than to

subclinical renal tubular injury.11, 12, 15 sex. The lack of significant variation across age

The significantly lower CD4⁺ T-cell count observed categories further supports the possibility that HIV-

among the HIV-positive participants is consistent with related biological processes, rather than demographic

the fundamental pathophysiology of HIV infection, in characteristics, are the major determinants of D-dimer

which progressive depletion and dysfunction of CD4⁺ elevation in this cohort. However, findings from other

lymphocytes result from direct viral effects, immune- African populations indicate that demographic and

mediated destruction and chronic immune activation. clinical factors may sometimes modify D-dimer

concentrations. In a large Kenyan cohort of 611 ART-

The mean CD4⁺ count of 692.92 cells/µL in the present

naïve adults, nearly half had elevated pre-treatment D-

study is relatively preserved compared with the severe

dimer concentrations, and women, individuals with

immunosuppression commonly observed in untreated

higher viral loads and those with tuberculosis were more

HIV infection, suggesting that many participants may

likely to have elevated levels. Importantly, D-dimer

have benefited from ART and clinical care.

concentrations declined after six months of ART. Thus,

Nevertheless, the significant difference from the HIV-

differences in treatment status, disease stage, viral load

negative controls indicates that immune restoration may

and comorbidities may partly explain variations between

not completely normalize immune status. Studies from 11, 12, 15

the Kenyan findings and the present study.

Nigeria have similarly demonstrated differences in CD4⁺

The significantly increased NGAL concentration among

counts according to treatment status. For example, a

HIV-positive participants in the present study provides

study conducted at the University of Abuja Teaching

evidence of possible subclinical renal tubular injury. The

Hospital reported a mean CD4⁺ count of 578 cells/mm³ mean NGAL concentration was 133.53 ± 0.03 ng/mL

among patients receiving ART compared with 322 in HIV-positive participants compared with 86.65 ±

cells/mm³ among those not receiving ART, 0.02 ng/mL in controls (p = 0.018). This observation

emphasizing the beneficial effect of treatment on agrees with previous research demonstrating increased

immune recovery (16).

NGAL concentrations in people living with HIV.

In Nigeria, the present finding of significantly elevated NGAL is released in response to tubular epithelial injury

D-dimer among HIV-positive participants agrees with and may increase before conventional measures such as

previous evidence that HIV infection is associated with serum creatinine and estimated glomerular filtration rate

activation of coagulation and fibrinolytic pathways. A demonstrate clinically apparent abnormalities. A review

study conducted at the University College Hospital, of urinary tubular injury biomarkers reported that HIV-

Ibadan, reported significantly higher D-dimer infected individuals had higher urinary NGAL levels

concentrations among HIV-positive individuals than than uninfected individuals and that NGAL could be

controls, with mean values of 193.6 ± 177.0 ng/mL and elevated even before a measurable decline in eGFR.11, 12,

118.1 ± 140.58 ng/mL, respectively. Similarly, an earlier 15

Nigerian study evaluating the effect of short-term ART The lack of significant differences in NGAL according

found that D-dimer concentrations changed to age and gender in the present study suggests that the
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elevation was predominantly associated with HIV- while increased NGAL is associated with renal tubular

related biological processes rather than demographic injury and future acute kidney injury.17

factors. Possible mechanisms include HIV-associated Strengths and limitations of the study

renal injury, persistent systemic inflammation, immune The strength of this study lies in the fact that it shows

activation and exposure to potentially nephrotoxic whether there are variations in the levels of D-Dimers,

medications. However, this interpretation should be NGALS and CD4 count in HIV Infected and Non

made cautiously because the present study did not Infected individuals and also the influence of Age and

directly assess renal function using eGFR, urinary Gender on these individuals. The limitations of the study

protein excretion or other markers of tubular injury. wasmainly because it was conducted among a relatively

Nigerian studies have established that renal disease is an small number of participants at a single tertiary

important complication of HIV infection, including healthcare facility, which may limit the generalizability of

among patients without overt clinical manifestations of the findings to other populations and healthcare settings.

kidney disease. A study of ART-naïve HIV-positive The study also did not assess some potentially important

patients in South-South Nigeria documented impaired clinical factors, such as viral load, duration and

kidney function and evaluated GFR and protein adherence to antiretroviral therapy, specific ART

excretion as indicators of HIV-associated renal regimens, renal function indices, and coexisting medical


	disease. 16,17			conditions, which may have influenced D-dimer and

	The absence of	significant age- and	gender-related	NGAL levels.

	differences across	CD4 ⁺ T-cell count,	D-dimer and	Implications of the findings from the study



NGAL in this study should not be interpreted to mean Routine assessment of CD4⁺ T-cell count should

that age and gender can never influence these continue as part of comprehensive HIV care, while D-

biomarkers. Rather, within the population studied, the dimer and NGAL may be considered as adjunctive

effects of HIV infection appear to have been stronger biomarkers for monitoring patients at increased risk of

than the demographic effects. Differences reported in coagulation-related and renal complications. Further

other populations may reflect variations in ART status, longitudinal and multicentre studies involving larger

duration of infection, viral suppression, comorbidities, populations are recommended to establish the clinical

nutritional status, socioeconomic circumstances and the usefulness, predictive value, and appropriate reference

proportion of participants with advanced disease. For thresholds of D-dimer and NGAL in HIV management.

example, the Kenyan study identified female sex, high

viral load and tuberculosis as factors associated with CONCLUSION

elevated D-dimer before ART, while studies from other The findings of this study indicate that individuals living

settings have demonstrated associations between with HIV in Nnewi-North had significantly lower CD4⁺

biomarker levels and disease severity or clinical T-cell counts alongside elevated D-dimer and NGAL

outcomes.16

levels compared with HIV-negative individuals. The

Taken together, the findings of the present study findings suggest that HIV infection is associated with

demonstrate that HIV-positive participants in Nnewi- persistent immune suppression, increased coagulation

North had a characteristic pattern of lower CD4⁺ T-cell activity, and renal/inflammatory stress despite

counts together with higher D-dimer and NGAL antiretroviral therapy. Although age and gender did not

concentrations compared with HIV-negative significantly influence these parameters among the HIV-

individuals. The Nigerian evidence supports the infected participants, the observed biomarker alterations

observed reduction in CD4⁺ counts and elevation of D- highlight the need for comprehensive monitoring of

dimer, while studies from other sub-Saharan African both HIV-related and non-AIDS-related complications.

countries demonstrate that coagulation abnormalities

may improve following ART but can remain prominent Declarations

in individuals with advanced disease or high viral Acknowledgement: To all the participants who took

burden. Evidence from the United States and other part in the study and the hospital that allowed their

international cohorts further indicates that persistent D- Laboratory facility to be used for the study.

dimer elevation is associated with serious non-AIDS Ethical Conformity Statement: Ethical clearance for

morbidity, mortality and cardiovascular complications, the use of human beings was obtained from the ethical
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