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Summary

The pathophysiology of sickle cell disease (SCD) includes vasculopathy as well as anemia.
Elevated plasma homocysteine is a risk factor for vascular disease and may be associated with
increased risk of vascular complications in SCD patients. In the present study, microvascular
characteristics were assessed in the bulbar conjunctiva of 18 pediatric and 18 adult SCD patients
using the non-invasive technique of computer-assisted intravital microscopy. A vasculopathy
severity index (SI) was computed to quantify the degree of microvasculopathy in each patient.
Plasma homocysteine and several of its determinants [serum folate and vitamin B12, plasma
pyridoxal-5’-phosphate (vitamin B6 status) and creatinine (kidney function)] were measured. Age
was strongly correlated with microvasculopathy in the SCD patients, with the Sl increasing about
0.1 unit per 1-year increase in age (p<0.001). After adjusting for age, sex, B vitamin status and
creatinine, homocysteine concentration was directly correlated with severity index (p<0.05). Age
and homocysteine concentration were independent predictors of microvasculopathy in SCD
patients. It remains to be determined whether lowering homocysteine concentrations using
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appropriate B vitamin supplements (folate and vitamins B12 and B6), particularly if started early
in life, could ameliorate microvasculopathy and its associated complications in SCD patients.

Keywords

Sickle Cell Disease; Homocysteine; Microvasculature; Intravital Microscopy; Folate Vitamin B12;
Vitamin B6

Introduction

The pathophysiology of sickle cell disease (SCD) is a complex process that involves
disturbances in blood flow, blood coagulation, endothelial function and vascular
inflammation (Kato er a/, 2018). Vaso-occlusion and ischemia-reperfusion injury, affecting
both the micro- and macrovasculature, underlie many of the clinical manifestations of SCD.
The clinical manifestations include painful vaso-occlusive crisis, acute chest syndrome,
pulmonary hypertension, priapism, retinopathy and stroke, as well as chronic, irreversible
damage to major organs, including the brain, heart, lungs, kidneys, eyes, and long bones.

Consistent, strong predictors of ischemic or hemorrhagic stroke in children with SCD
include low hemoglobin and elevated systolic blood pressure, as well as increased cerebral
blood flow velocity detected by transcranial Doppler ultrasound (TCD) (Strousse et &/,
2011). However, these biomarkers have not been validated to the same extent in adult SCD
patients (Strousse et a/, 2011). The 1998 Cooperative Study of Sickle Cell Disease (CSSCD)
reported that patients who were homozygous for the S genotype (HbSS) had chances of
having a first cerebrovascular accident by 20, 30, and 45 years of age of 11%, 15%, and
24%, respectively (Ohene-Frempong et a/, 1998). However, in the CSSCD post-trial follow-
up study among their low-risk group who had experienced a cerebrovascular event, no
predictive cerebrovascular biomarkers were identified (Lee et a/, 2006). Additionally, a
significant proportion of children with HbSS who have not had a clinically apparent
neurologic event have nonetheless had silent cerebral infarctions as revealed by magnetic
resonance imaging (Wang et a/, 2000).

Elevated plasma homocysteine concentration (hyperhomocysteinemia) is a risk factor for
vascular disease in the general population (Refsum et a/, 1998), and often occurs in both
pediatric and adult SCD patients (Houston et a/, 1997; van der Dijs et a/, 1998; Rodriguez-
Cortes et al, 1999; Schnog et a/, 2000; Rana et a/, 2000; Wang, 2000; Lowenthal et a/, 2000;
Balasa et a/, 2002; van der Dijs et al, 2002; Dhar et al, 2004; Pandey et al, 2012). The
clinical significance of elevated homocysteine in SCD is unclear. Other than a correlation
with stroke (Houston et a/, 1997), no studies have assessed the association of
hyperhomocysteinemia with microvascular or macrovascular events or damage in SCD. B
vitamin deficiencies (folate and vitamins B12 and B6) and renal disease are primary causes
of hyperhomocysteinemia (Refsum et a/, 1998; Selhub & Miller, 1992). In SCD, folate is of
particular interest because erythrocytes contain a high concentration of folate, and
intravascular hemolysis leads to loss of folate in the urine and stool (Kato et a/, 2017,
Antony, 2017). Coupled with increased rates of DNA synthesis due to ineffective
erythropoiesis (Jonsson et a/, 1959; Chanarin et a/, 1959), the requirement for folate in SCD,
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as in other chronic hemolytic anemias, is increased and folic acid supplements are typically
prescribed (Green, 2016).

Computer-assisted intravital microscopy (CAIM) has been developed in our laboratory as a
tool to non-invasively study and quantify real-time microvascular characteristics in diseases
that affect the vascular system such as SCD, diabetes, hypertension and Alzheimer’s disease
(Cheung et af, 2001; Cheung et a/, 2001b; Cheung et al, 2002a; Cheung et a/, 2002b; Smith
et al, 2009; Cheung et al, 2010; Cheung et al, 2012). Previously, using CAIM, we
demonstrated that microvascular abnormalities in SCD patients develop in childhood, and
that the severity of microvasculopathy likely progresses with age (Cheung et a/, 2010). In the
present study we examined the associations of microvascular abnormalities, as measured by
CAIM, with homocysteine and B vitamin status in pediatric and adult SCD patients.

Materials and Methods

Patients

Patient recruitment and procedures for the study were approved by the Institutional Review
Board (IRB) Administration at the University of California, Davis. Signed informed consent
was obtained from adult patients, and signed parental consent was obtained for all pediatric
patients age 17 years and younger (along with assent from patients age 12-17 years).
Patients diagnosed with SCD (HbSS and HbSC genotype), 4 years of age and older, were
recruited from the UC Davis Medical Center (UCDMOC) sickle cell clinics in Sacramento,
CA during outpatient visits, or during participation in the Sacramento regional Sickle Cell
Family Support Group and the annual California Sickle Cell Disease Symposia. Patients
were recruited during routine clinical visits and assessed for eligibility. Patients who
experienced a vaso-occlusive (painful) crisis or other acute complication of SCD within one
month of the study were excluded. Patients receiving hydroxyurea were eligible. Those on
chronic transfusion and/or exchanges were allowed to participate in the study, with their
blood collections for analysis and other measurements performed at least 1 month after the
most recent transfusion or exchange. Patients or guardians and their medical records were
queried for the use of concurrent corticosteroids, nonsteroidal anti-inflammatory agents,
hydroxyurea, folic acid, multivitamins, prophylactic antibiotics, past year immunizations
and use of pain medications. Their medical records were also assessed for history of
transfusions, asplenia, painful crisis and pulmonary complications, and any on-going, non-
SCD-related health issues.

Over the course of this study (recruitment period 2007 — 2011) there was a cohort of 280
(120 adult, 160 pediatric) registered patients in the UCDMC Sickle Cell Clinics (Figure 1).
Of the 280 patients, 34 pediatric (21% of patient pool) and 35 adult (29% of patient pool)
patients were identified as having been seen by a hematologist within the previous 12
months. Among these, 19 pediatric (56%) and 19 adult (54%) patients consented to
participate in the study, 13 pediatric (38%) and 11 adult (31%) declined to participate, and 2
pediatric (6%) and 5 adult (14%) were not eligible based on exclusion criteria. Reasons
prospective participants refused to participate or were deemed ineligible for the study are
provided in the legend to Figure 1.
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Sample Collection and CAIM Analysis

Fasting venous blood was collected from each patient and wrapped in aluminum foil to
minimize degradation of light-sensitive B vitamins during processing. Plasma (EDTA) tubes
were immediately placed on ice; serum separator tubes were set at room temperature for 30
minutes to clot, and then placed on ice. Aliquots of EDTA whole blood were assayed for
hemoglobin and hematocrit by Automated Coulter Counter (Beckman Coulter). After
centrifugation at 4 °C, plasma and serum were collected and stored at =80 °C until analysis.
Plasma creatinine was measured by the Jaffe rate reaction method using a SYNCHRON
LX20 instrument (Beckman Coulter), and serum folate and vitamin B12 were measured
using a competitive chemiluminescent immunoassay (Advia Centaur automated instrument,
Siemens) by standardized clinical protocols at the UCDMC Department of Pathology and
Laboratory Medicine Clinical Laboratory. Total plasma homocysteine (Gilfix et a/, 1997)
and plasma pyridoxal-5’-phosphate (Talwar ef a/, 2003) were measured by high pressure
liquid chromatography in the investigators’ research laboratory. Inter-assay coefficients of
variation for all assays were <5%.

Directly following blood collections, patients had their bulbar conjunctiva visualized and
recorded via CAIM. The CAIM system uses macro-optics in which image acquisition is
based on video documentation of selected regions in the 7 vivo conjunctival
microcirculation. Specific microvascular abnormalities were identified during viewing of
selected video sequences and a severity index (SI) was computed to quantify the degree of
microvasculopathy observed in each patient. SI values were calculated as the sum of the
presence of any of 15 possible microvascular abnormalities (Supplemental Table) on a
binary (yes = 1; no = 0) basis. Sl values for each patient were determined by two
independent evaluators who were blinded to the identity of the patients. Discrepancies
between the two evaluators were adjudicated by a third party who also was blinded to the
identity of the patients. The procedures of this technique, as well as descriptions and images
of the 15 microvascular abnormalities, have been described in detail for SCD patients in
previous publications (Cheung et a/, 2001a; Cheung et al, 2002a; Cheung et al, 2010;
Cheung et al, 2012).

Statistical Analysis

Data for blood analytes and Sl are summarized as medians and ranges. Differences in
median values between the pediatric and adult patient groups were assessed using the Mann-
Whitney test. Associations between independent variables and SI were assessed by
multivariable linear regression. First, a base regression model including only age and sex as
independent variables was established. Subsequent models assessed the association of each
additional independent variable with Sl after adjusting for age and sex, as well as the change
in the variance explained by the independent variable over and above the model that
included age and sex alone, i.e. the change in R? of the model. Because homocysteine was
not normally distributed it was natural log transformed before inclusion in the regression
analysis. Statistical significance was defined as p<0.05. Statistics were carried out using
Statview for Macintosh and Windows, version 5.0.1 (Abacus Concept, 1998).
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Summary patient characteristics are presented in Table 1. Thirty-eight SCD patients were
recruited into the study. The patients were equally split between pediatric (age <18 years, n
=19) and adult patients (age >18 years, n = 19). The adult sex distribution was heavily
weighted toward female patients - 79% females, 21% males; pediatric patients were 58%
females and 42% males. The adult patients ranged from 22 to 61 years of age, with 7
patients (37%) age 22—29 years, 8 (42%) age 30-39 years, and 4 (21%) age 48-61 years. Of
the pediatric patients, 6 (32%) were 4-8 years of age, 4 (21%) were 9-13 years of age, and 9
(47%) were 14-18 years of age.

Nine (47%) of the adult patients and 2 (10%) of the pediatric patients were on a stable dose
of hydroxyurea treatment (Table 1). Transfusion frequency differed between the pediatric
and adult patients: most pediatric patients (N=17) were on chronic transfusion therapy
(approximately monthly). Adult patients were transfused as clinically indicated, and
intervals were as infrequent as one per year to one per 5 years. Of the 15 adult patients who
reported being prescribed a folic acid supplement (79%), 12 (80%) were non-adherent.
Patients who took their pills at least 5 out of 7 days per week were considered as taking folic
acid supplementation. Additional multivitamin supplementation was 16% among the
pediatric patients and 37% among the adult patients.

One pediatric and one adult patient dropped out of the study prior to sample collection and
CAIM procedure. B vitamin, homocysteine, creatinine, and CAIM data were available for
the remaining subjects (N=18 per age group), except for B12, PLP, creatinine and CAIM
data for 1 adult patient (Table 1). Median values for hemoglobin and hematocrit and the
three B vitamins (folate, B12, and PLP) were not significantly different between the
pediatric and adult patients. Median (range) homocysteine [5.5 (2.6-9.6) vs 7.0 (3.6-18.9)
umol/L; P=0.01], creatinine [0.4 (0.2-0.9) vs 0.6 (0.3—-1.4) mg/dL; P=0.001], and Sl values
[4.0 (0.0-7.0) vs 7.0 (1.0-9.0); P<0.001] were lower in the pediatric patients compared with
the adults. Only one pediatric patient had no microvascular abnormalities, while all the rest
had 2 or more. Zero adults had no abnormalities, one had 1 abnormality, and all the rest had
4 or more. Specific microvascular abnormalities that were highly prevalent in both pediatric
and adult patients (=50% in both patient groups) included abnormal arteriovenous ratio,
abnormal diameter, abnormal distribution, boxcar phenomenon, and sludging (Supplemental
Table). Specific microvascular abnormalities that were more prevalent in adult than pediatric
patients included abnormal vessel morphology, hemosiderin deposits, and vessel tortuosity.

In the multivariable linear regression model that included just age and sex, age was a strong
determinant of microvasculopathy severity, with the Sl increasing about 0.1 unit per 1-year
increase in age (B=0.104, P<0.001) (Table 2). Sex was not a significant determinant of SI.
Together, age and sex explained 43.8% (R2=0.438) of the observed variance in Sl among all
the patients. Among the blood analytes, only homocysteine was significantly correlated with
Sl: p=3.187 (P=0.002) by simple regression (Figure 2) and p=2.376 (P=0.047) after
adjustment for age and sex (Table 2). Addition of homocysteine to the regression model
explained an additional 6.8% of the variance in SI over the model containing only age and
sex (increasing the total R2 for model to 0.506). Addition of determinants of homocysteine
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concentration (B vitamins and creatinine concentrations) to the multivariable model that
included age, sex, and homocysteine did not significantly change the homocysteine
coefficient, thus indicating that the homocysteine association was independent of its known
determinants. Hemoglobin, hematocrit, and multivitamin or folic acid supplement use were
not associated with homocysteine concentration or severity index.

Discussion

The primary finding in the present study is that homocysteine, independent of age, sex, B
vitamin status, and creatinine, is directly correlated with severity of microvasculopathy in
the bulbar conjunctiva of SCD patients as measured by CAIM. In addition, the severity of
microvasculopathy was significantly lower in the pediatric patients than in the adult patients
[SI median values (range): 4.0 (0.0-7.0) and 7.0 (1.0-9.0), respectively]. For comparison
purposes, typical Sl values for healthy children and adults range from 0-2 (Cheung et a/,
2002a; Smith et a/, 2009). This latter finding confirms our previous report on a cohort of 14
pediatric and 8 adult SCD patients in which the severity of vasculopathy differed
significantly between children and adults (Cheung et a/, 2010). We also observed in the
present study that the prevalence of abnormal vessel morphometry and vessel tortuosity was
higher in the adult compared with the pediatric patients, again consistent with our previous
report (Cheung et a/, 2010). These results suggest microvascular abnormalities in the bulbar
conjunctiva in SCD patients develop in childhood, their severity progresses with age, and
that homocysteine may be a predictive biomarker. The results also indicate that CAIM may
be a useful, non-invasive technology for assessing microvasculopathy in SCD patients as
young as 4 years of age.

It is well documented and recognized that hyperhomocysteinemia is an independent risk
factor for vascular disease in the general population (Refsum et a/, 1998). The mechanistic
role of homocysteine in the pathogenesis of vascular disease is poorly understood and is still
to be determined in the general population, as well as the SCD patient population. A variety
of mechanisms have been proposed, including homocysteine-induced oxidative stress,
notably affecting the endoplasmic reticulum; epigenetic modifications causing altered
transcription; and homocysteinylation of proteins (Zinellu et a/, 2009; Fu et a/, 2018). An
additional hypothesis is that homocysteine has a thrombogenic effect on clotting factors and
endothelial cell function, or their interactions (Houston et a/, 1997).

There are few studies on homocysteine in SCD patients. One study (Dhar et a/, 2004)
demonstrated that mild hyperhomocysteinemia (>13.8 pmol/L in men and >12.5 pmol/L in
women) was a common finding in adult SCD patients compared with healthy volunteer
comparators (20% vs. 3%, respectively, P<0.001). Another study (Lowenthal et a/, 2000)
found similar results, reporting ~1.5-fold higher homocysteine levels in adult SCD patients
compared with controls (P<0.001). In addition, SCD patients had 1.5-fold higher folate
levels (P<0.05), but no difference in B12, compared with controls (Lowenthal et a/, 2000).
The high levels of folate may have resulted, in part, from hemolysis, and thus may not be
reflective of adequacy of folate status in these patients as indicated by the prevalence of
elevated homocysteine. In the present study, median serum folate for the adult patients (12.8
ng/ml) was about the same as previously reported (12.3 ng/ml) (Lowenthal ef a/, 2000).
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Median serum folate of the pediatric patients in the present study was higher (19.2 ng/ml)
than in the adult patients, but the difference was not statistically significant. After controlling
for age and sex, plasma folate was inversely correlated with homocysteine, but plasma B12
was not (data not shown).

In a study of SCD children (Balasa et a/, 2002), 38% of patients were classified with
hyperhomocysteinemia (homocysteine levels greater than the 95™ percentile of the
corresponding level among similarly aged controls) versus 7% in controls. Moreover,
elevated homocysteine is a biomarker for low folate, B12 and B6 status, and it has been
demonstrated that SCD individuals have a high prevalence of B6 deficiency (Balasa et a/,
2002; Claster et al, 2009; Flores et al, 1988) and inadequate dietary intake of folate
(Kennedy et al/, 2001). Balasa et a/ (2002) additionally found that hyperhomocysteinemia
was more common in those with B6 deficiency (62%) than those with normal B6 levels
(30%). In contrast, plasma PLP was not correlated with homocysteine in the present study
(data not shown).

Our cross-sectional cohort study in SCD patients is the first to demonstrate that
homocysteine is directly associated with the severity of microvasculopathy, as indicated by
the CAIM severity index. To our knowledge, only one other study has found an association
between homocysteine and vascular outcomes in SCD patients: elevated homocysteine
(>10.1 umol/L) was a risk factor for stroke in a cohort of 100 SCD patients (ages 1-58
years) (Houston et a/, 1997). It is not known if elevated homocysteine is more strongly
associated with microvascular or macrovascular pathology. It is possible that
hyperhomocysteinemia affects vessels of all sizes. A limitation of the present study is that
there is no clinical information available on microvasculopathy in other organs (e.g. kidneys,
brain) and it is unknown if severity of microvasculopathy as determined in the bulbar
conjunctiva correlates with severity in other organs within the study sample. It is also
unclear what is the clinical significance of a unit difference or change in SI score. However,
we have previously shown that microvascular blood flow velocity in the bulbar conjunctiva
of pediatric SCD patients, as measured by CAIM, directly correlates with macrovascular
blood flow velocity in the middle cerebral artery, as determined by TCD (Cheung et a/,
2001a). In addition, homocysteine is directly correlated, and folate and PLP are inversely
correlated, with carotid artery stenosis in non-SCD older adults (age 67-99 years) (Selhub et
al, 1995; Selhub ef af, 1996). It remains to be determined if homocysteine or B vitamins
correlate with middle cerebral artery blood flow velocity or carotid artery stenosis in SCD
patients.

In a study on B-vitamin supplementation and correlation with homocysteine levels in SCD
pediatric patients (van der Dijs et a/, 1998), it was determined that folate supplementation
was associated with a 53% reduction in homocysteine levels. However, B6 and B12
supplementation did not change homocysteine levels. In a later, 82-week longitudinal
supplementation study in SCD pediatric patients (van der Dijs ef a/, 2002), homocysteine
was utilized as a biomarker to determine optimal folate, B12 and B6 doses. An optimal daily
combination of 1 mg of folic acid, 6 pg of B12 and 6 mg of B6 led to maximal reduction in
plasma homocysteine concentrations. In the present study, neither multivitamin nor folic
acid supplement use was associated with plasma homocysteine or severity index. However,
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the overall sample size of this study was small and only a minority of the cohort was
regularly consuming supplements. Thus, there was likely insufficient power to see such
associations if they existed. It is noted that plasma folate was inversely associated with
plasma homocysteine suggesting that regular consumption of folic acid supplements might
be effective in reducing homocysteine levels in these patients. No correlations with
homocysteine were observed for B12 and PLP so that the potential benefit of supplements of
these vitamins is less clear. However, it has been noted that folic acid supplementation may
mask B12 deficiency, and that pernicious anemia may occur among the SCD patient
population, even in younger individuals (Sinow et a/, 1987). We therefore caution against
indiscriminate supplementation with folic acid without assessment of B12 status.

An important determinant of plasma homocysteine concentration is renal function. In the
general population, serum creatinine concentration serves as a sensitive biomarker of renal
function and is inversely correlated with homocysteine concentration. However, correlation
of serum creatinine with glomerular filtration rate (GFR) differs with age and our study
included both pediatric and adult patients. Also, serum creatinine overestimates GFR in SCD
patients and therefore neither creatinine nor estimated GFR (which is derived from serum
creatinine) are ideal biomarkers of renal function in this patient population. A better measure
of renal function would have been urine albumin/creatinine ratio, but this information was
not available for the patients in our study. Another limitation of the study is that there was
little data available on hematological parameters — only hemoglobin and hematocrit. Neither
hemoglobin nor hematocrit was correlated with homocysteine or severity index. We did not
have a measure of hemolysis, such as reticulocyte counts or serum lactate dehydrogenase. It
will be of interest in future studies to determine if hemolysis is associated with
microvasculopathy in SCD patients.

There are additional limitations of this study. Sizeable proportions of the active patients from
which the participants were recruited refused to participate or were ineligible (Figure 1).
Moreover, patients regularly seen in clinic were a small fraction of the total clinic
population. Thus, the generalizability of the findings to the broader SCD patient population
is unclear. Also, because of the relatively small sample size we were unable to adjust for
potential confounders, such as SCD genotype (HbSS and HbSC), dose and duration of
hydroxyurea treatment, transfusion history, and history of vascular symptoms and disease
without significantly affecting the statistical power of the study for the primary a priori
association of interest, i.e. homocysteine with severity index. Thus, it cannot be ruled out
that elevated homocysteine is coincidental or a consequence of SCD-related factors that
affect the pathogenesis of microvascular abnormalities, such as genetics, treatment
protocols, and other pathophysiological factors.

It is known that elevated homocysteine levels are strongly correlated with vascular events in
the general population, and studies of B vitamin supplementation, as a therapeutic
intervention for lowering homocysteine levels to reduce vascular disease risk (including
arterial vascular events and venous thromboembolism), have been conducted (Lonn et a/,
2006; Pan et al, 2012; Ebbing et al, 2010; Clarke et a/, 2011; Marti-Carvajal et af, 2017).
There is a consensus among these studies that B vitamin supplementation lowers
homocysteine concentrations, but does not reduce or improve vascular outcomes. However,
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the mechanism of vascular disease in SCD is different than the general population and the
vascular benefit of B vitamin supplementation and homocysteine lowering therapies is
currently unknown. It remains to be determined if preemptive protection of the vasculature
through low-risk homocysteine lowering B vitamin supplement therapy might be beneficial
in SCD patients, particularly if begun early in life.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Flow Chart of Sickle Cell Disease Patient Recruitment.
Pediatric patients are defined as <18 years, and adult patients as >18 years. Active patients

are defined as patients who have been seen by a hematologist within the previous 12 months,
and inactive patients as those not seen by a hematologist in the last 12 months. For the
pediatric active patients, reasons given for declining to participate included ‘not interested’
(N=4), “out of health system network’ (N=1), ‘moving out of state” (N=2), and ‘no reason
given’ (N=6). For the adult active patients, reasons given for declining to participate
included ‘not interested’ (N=3), ‘out of health system network’ (N=4), ‘deceased’ (N=1),
and ‘no reason given’ (N=3). Reasons that pediatric active patients were deemed not eligible
for the study included ‘no definitive SCD diagnosis’ (N=1) and ‘out of area’ (N=1). Reasons
that adult active patients were deemed not eligible for the study included ‘related to another
participant enrolled in the study’ (N=5).
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Figure 2: Correlation between Homocysteine and Severity Index.
Includes both pediatric (closed circles) and adult (open circles) sickle cell disease patients (n

= 35). B-value and P-value are for simple correlation without controlling for potential
confounding factors.
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Sickle Cell Disease Patient Characteristics ™

Table 1:

Pediatric (n=19)'" Adult (n=19)'" P-value*”
Male/Female, n/n 7112 4/15
Age,y 13 (4-18) 31 (22-61)
Transfused, n (%) 17 (89) 8 (42)
Hydroxyurea, n (%) 2 (11) 9 (47)
Folic Acid Supplement, n (%) 3(16) 3(16)
Multivitamin Supplement, n (%) 3 (16) 7(37)
Hemoglobin, g/dLa 9.4 (6.1-10.9) 9.5 (7.7-11.5) 0.45
Hematocrit, 02 27.3(17.5-32.9) 27.6 (23.3-35.3) 0.48
Serum Folate, ng/mLa 19.2 (4.1- >20) 12.8 (4.9->20) 0.32
Serum B12, pg mLé 549 (313-793) 460 (321-1744)  0.57
Plasma PLP, nmoI/Lb 40.3 (22.6-162) 36.6 (11.6-103)  0.26
Total Plasma Hey, pmol/L? 55(26-98) 7.0(36-18.9) 0.01
Serum Creatinine, mg/dLa 0.4 (0.2-0.9) 0.6 (0.3-1.4) 0.001
Severity Index 4 (0-7) 7 (1-9) <0.001

*
Values are count [n (%)] or median (range).

Aok

P-values are pediatric vs. adult by the Mann-Whitney test.
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”One pediatric and 1 adult patient dropped out after initial recruitment and collection of demographic, clinical, and supplement use data. Sample
sizes for the blood analytes and severity index determinations were n=18 for both pediatric and adult groups, except for B12, PLP, creatinine and
CAIM for the adults (n=17) due to missing data for one subject.

aUCDMC Department of Pathology and Laboratory Medicine Clinical Laboratory reference ranges: serum folate — >7.0 ng/ml; serum B12 — 213—

816 pg/ml; total plasma Hcy — 5.0-11.7 umol/L (men) and 3.8-11.0 umol/L (women); serum creatinine — 0.4-1.3 mg/dL

bReference range for plasma PLP: >20 nmol/L (30)

Abbreviations: PLP, pyridoxal-5"-phosphate; Hcy, homocysteine
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Table 2:

Correlations with Severity Index in Sickle Cell Disease Patients™

Variable n B P-Value pR2**
Age 35 0.104 <0.001 -
Sex 35 -0.544 0.42 -
Folate 34 -0.047 0.44 0.009
B12 34 -0.001 0.55 0.007
PLP 34 -0.013 0.18 0.033
In Hey 35 2376  0.047 0.068
Creatinine 34 0.848  0.70 0.003

*
R2 for base regression model including age and sex is 0.438. Regression models for all blood analytes are adjusted for age and sex.
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*Kk
ARZ is the increase in RZ value of the model with inclusion of the independent variable compared with the model including age and sex alone.

Abbreviations: PLP, pyridoxal-5’-phosphate; In Hcy, natural log of homocysteine.
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