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Abstract

Individuals with sickle cell disease (SCD) have historically been considered underweight. Despite 

increasing body mass index (BMI) in the general population, the prevalence of overweight and 

obese status remains unclear in the adult SCD population. Our primary aim was to determine 

the prevalence of overweight and obese status and to identify associations between BMI, 

demographic, and clinical characteristics. We conducted an analysis of abstracted electronic 

health record data and patient reported outcomes from the Sickle Cell Disease Implementation 

Consortium registry; individuals ages 20–45 were included. Median BMI for the 1,664 adults 

in this analysis was 23.9 kg/m2 (21.1–28). In this cohort, 42.9% had a BMI>25 kg/m2 (CDC 

definition of overweight/obese). In multivariable analysis, higher odds of being overweight or 

obese were associated with female gender, older age, college education, private insurance, and 

hypertension diagnosis. Higher odds of BMI>25 kg/m2 were observed in individuals with HbSC 

or HbSß+-thalassemia regardless of hydroxyurea exposure (OR 3.4, p<0.0001) and HbSS or 

HbSß0-thalassemia exposed to hydroxyurea (OR 1.6, p=0.0003) compared to those with HbSS 

or HbSß0-thalassemia with no hydroxyurea exposure. These data highlight the importance of 

early identification, prevention, and intervention for increasing BMI to reduce obesity-related 

complications which may impact SCD related complications.
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Introduction

Sickle cell disease (SCD) has been historically believed to be associated with underweight 

status. However, with the well-established increasing rates of obesity in the general 

population, it is unclear if this remains true for individuals with SCD. According to 

2013–2016 National Health and Nutrition Examination Survey (NHANES) data in adults 

over 20 years old in the United States (US), the overall prevalence of overweight and 

obesity, defined as a body mass index (BMI) ≥25kg/m2, is now 70.9%.1,2 The prevalence 

of high BMI is also disparate across racial/ethnic groups - Non-Hispanic Black (76.1%) 

versus White (69.8%) and Asian (53.8%) adults.1,2 Despite understanding the proportion of 

overweight and obese adults nationally, the current prevalence of overweight and obesity 

among adults with SCD is unclear.3–12

Many individuals with SCD experience multiple musculoskeletal and cardiopulmonary 

complications due to chronic vaso-occlusion; these conditions can be exacerbated by an 
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overweight or obese BMI status. Individuals with SCD with higher BMIs may be faced 

with the compounded burden of the morbidity and mortality associated with SCD and the 

well-known social, financial, and comorbid complications associated with overweight and 

obesity.1,13,14 The literature describing obesity in the general population suggests there is 

a relationship between obesity and depression, dyslipidemia, hypertension (HTN), type 2 

diabetes, lower socioeconomic status, and other risk factors; however, these associations are 

not well understood in the adult SCD population.1,12

The current literature describing BMI among adults with SCD is limited with most 

studies focusing on the relationship between SCD and metabolic syndrome, modifiable 

cardiovascular risk factors, pain, SCD-related complications, and healthcare utilization. 

These studies have often yielded inconsistent results about the relationship between BMI 

and SCD, SCD complications, comorbidities, and socioeconomic factors.3,4,6,7,10,15 Existing 

studies are limited by inclusion of mostly pediatric samples, which are often not adjusted 

for growth charts, the recommended means to determine BMI through age 20.16 Additional 

limitations include small sample sizes from single centers.3,5–7,11,15,17

Therefore, we conducted this project as part of the Sickle Cell Disease Implementation 

Consortium (SCDIC) which included eight centers.18 As part of the SCDIC, a registry 

was developed to prospectively collect patient reported outcomes and clinical data from 

those living with SCD.19,20 Using the data collected by the SCDIC, the first objective of 

the current study was to determine the prevalence of overweight and obesity among adult 

SCDIC registry participants. The secondary objective was to investigate the associations 

between BMI category, demographic and clinical characteristics, and selected patient-

reported outcomes.

Methods

Study design.

The parent study was a prospective, observational, longitudinal study of the SCDIC registry 

participants across eight US medical centers. For the purposes of the current study, we 

conducted an analysis of baseline electronic health record (EHR) and patient-reported 

outcomes data.

Setting, sample, and recruitment.

The SCDIC sites have previously been described.21 All eight sites were tertiary academic 

medical centers with a large clinical program serving individuals with SCD. Sites were 

geographically distributed primarily in the Midwest and South, and one site on the West 

Coast on the US. SCDIC registry enrollment began in December 2016 and ended in 

February 2021. Participants were eligible for the SCDIC registry if they were 15–45 years 

old, could read and write in English, had a confirmed diagnosis of SCD (subtypes SS, 

SC, Sβ+, Sβ0, SD, SO, SC, SE), and provided informed consent. For this study, adults 

between 20–45 years old were included. Adults ages 18–19 years were excluded as it is 

recommended to use BMI-for-growth charts to determine their BMIs. Those who received 

a bone marrow transplant, were unable to complete the baseline patient enrollment survey, 
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were pregnant, or had a SCD trait were excluded. Institutional Review Board (IRB) approval 

was obtained from each site’s respective IRB and participants provided written or verbal 

consent. Participants were recruited via phone calls or in the following in-person settings: 

SCD clinics, emergency departments, pain/infusion centers, and community events.22 Each 

site enrolled at least 300 participants and seven sites compensated participants upon 

enrollment.

Data Collection

SCDIC registry data were obtained from the EHR by research staff, who also administered 

patient surveys at the date of enrollment or subsequent follow-up visits. Patient surveys 

captured data at the time of enrollment using two validated measures, the Patient-Reported 

Outcomes Measurement Information System (PROMIS) and Adult Sickle Cell Quality of 

Life Measurement (ASCQ-Me®) survey. Detailed descriptions of the patient enrollment 

survey and medical record abstraction process have been published.19

Measures

EHR and patient survey data were analyzed. EHR data included SCD genotype, 

anthropometric measurements, hydroxyurea (HU) use, non-SCD-related complications 

(HTN defined as systolic blood pressure >140 and depression) and health insurance 

provider. SCD genotype was categorized into three groups: 1. HbSS, HbSβ0-thalassemia, 

2. HbSC, HbSβ+-thalassemia and 3. Other, which included genotypes HbS/HPFH, HbSE, 

HbSD, and HbSO. Height and weight collected from the EHR at the time of enrollment 

were used to calculate BMI (kg/m2) post-hoc. We used the Centers for Disease Control 

and Prevention (CDC) BMI status categories of underweight (<18.5 kg/m2), normal 

weight (18.5–24.9 kg/m2), overweight (25–29.9 kg/m2), and obese (>30 kg/m2).1 Insurance 

coverage (e.g., none, private health insurance, Medicare, Medicaid, and TRICARE) 

abstracted from the EHR were recoded to none, private health insurance, and public health 

insurance (Medicare, Medicaid, and TRICARE).

Patient-reported outcomes used in this analysis included the PROMIS Emotional Distress-

Depression short form, which was transformed into a t-score and categorized into three and 

four categories with higher t-scores indicating worse symptoms. The 9-item ASCQ-Me® 

SCD Medical History Checklist was interpreted as a cumulative score from 0 to 9 and each 

item was analyzed independently. The nine items include self-reported history (yes/no) of 

the following complications: daily pain medications, regular blood transfusions for SCD, 

leg ulcers at any time, lung problems, kidney damage, retinopathy, damage to hip or 

shoulder, stroke, or spleen removed or damaged. The ASCQ-Me® Pain Episode Severity 

and Frequency scores were each transformed into t-scores, with higher scores indicating 

worse pain.23

Statistical Analysis

Our primary outcome of BMI was descriptively interpreted as a continuous and categorical 

variable to determine group frequencies. Summary statistics are presented as frequencies and 
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percentages for categorical variables, mean and standard deviation for normally distributed 

variables, and median and interquartile range for non-normally distributed variables. 

Categorical variables were analyzed using Chi-Squared tests. Continuous variables were 

compared by independent sample t-tests or Wilcoxon-Mann-Whitney test as appropriate. 

Two-sided p-values <0.05 were considered statistically significant.

Univariate analysis was used to evaluate potentially significant variables for inclusion in 

a multivariable model. Variables achieving a p<0.1 in univariate analysis were included 

in a multivariable logistic regression with backward elimination (exit criteria >=0.05) to 

identify factors independently associated with overweight/obesity. Based on the univariate 

prescreening results, the following items were included in the initial multivariable model: 

age, gender, highest level of education, medical insurance coverage, hypertension, SCD 

genotype, ASCQ-Me pain episode frequency and severity scores, daily use of pain medicine 

for SCD, regular blood transfusions, diagnosis of kidney damage, retinopathy, damage to 

hip/ shoulder due to SCD. HU use was also added to the multivariable model due to its 

perceived clinical significance in this population. Odds ratios (OR) and corresponding 95% 

confidence intervals were obtained for variables remaining in the final model. Given the 

exploratory nature of this study, analyses were conducted without adjustment for multiple 

comparisons. All analyses were conducted using SAS Version 9.4 (SAS Institute Inc., Cary, 

NC, USA).

Results

Prevalence of BMI elevation

For this cross-sectional analysis of 2,433 SCDIC registry participants, 1,664 were included 

in the final analysis (Figure 1). We excluded 769 participants from the final analysis 

due to pregnancy at enrollment, incomplete enrollment surveys, age <20 years old, or 

missing height and/or weight in EHR data. The median BMI of the entire cohort was 

23.9 kg/m2 (21.1–28) and 42.9% of this group had a BMI ≥25 kg/m2. Table 1 reports the 

sociodemographic characteristics, genotype, median and categorical BMI for the sample. 

BMI > 30 kg/m2 was more prevalent in participants from SCDIC sites in the southern US. 

This is most apparent when examining sites 3 and 4 where at least one in five participants 

were obese (see Supplemental table 1).

Table 2 reports BMI status by BMI categories (underweight or normal vs. overweight 

or obese) and overall median BMI by sociodemographic characteristics. Women (51.4%), 

individuals with some college education (47.4%), and those with private insurance (45%) 

had the highest proportion of overweight or obesity. No differences in race, ethnicity, or 

income level were found between BMI categories.

Individuals with either HbSC or HbSβ+-thalassemia had a higher median BMI (26.6 

kg/m2; 22.9–32.2) when compared to those with either HbSS or HbSβ0-thalassemia, (23.3 

kg/m2; 20.6–26.9) or other genotypes (25.5 kg/m2; 23.2–30.0, p<0.001). More specifically, 

59.8% of individuals with HbSC or HbSβ+-thalassemia (n=420) were overweight or obese, 

compared with only 36.7% of those with HbSS or HbSβ0-thalassemia (n=1221), and 60.9% 

of the other genotypes (n=23), p<0.001.
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PROs, HU, and co-morbidities

No statistically significant differences were found in the median BMI, or BMI category, 

related to the PROMIS emotional distress scores (p=0.6) or HU use (p=0.5). No statistically 

significant differences were found in BMI category associated with ASCQ-Me pain 

frequency score (p=0.06) or the ASCQ-Me Medical History Checklist total score (p=0.6). 

Individuals meeting overweight or obese criteria reported a significantly higher mean 

pain severity score (51.8, SD 9.1) when compared with those who were under or normal 

weight. (50.8, SD 9.4, p=0.03). Though not statistically significant, mean self-reported pain 

frequency was higher for those who met overweight or obese criteria (50.6, SD 10.5) when 

compared to the under or normal weight group (49.6, SD 10.9, p=0.06).

We also analyzed each item of the ASCQ-Me Medical History Checklist (Figure 2). Among 

individuals who were overweight or obese, 76.2% self-reported they did not require regular 

blood transfusions versus 66.3% who were under or normal weight (p<0.001) and 59.7% 

denied damage to hips or shoulders versus 65.7% who were under or normal weight (p = 

0.01). Overall, 54.4% of individuals with HTN met criteria for overweight or obese, versus 

36.5% of those without HTN (Table 2).

Risk factors for elevated BMI

Table 3 reports results from the final logistic regression model which highlights the 

likelihood of being overweight/obese versus under/normal weight. Since the preliminary 

analysis indicated the effect of HU varied among genotypes, in this model, we combined 

SCD genotype and HU use to create a compound variable and examined the joint effect 

of both on BMI. The variable was used for clarity of results interpretation but alternative 

models with genotype and HU use as separate variables, as an interaction term between 

both, and models stratified by SCD genotype were consistent with these results.

Individuals who were older, female, reported some college, and reported HTN had higher 

odds of being overweight or obese. Participants with genotypes HbSS/Sß0 reporting HU use 

were 1.6 times more likely to be overweight/obese when compared to those with genotypes 

HbSS/Sß0 who did not report HU use. Patients with HbSC/Sß+, regardless of HU use, were 

3.4 times more likely to be overweight/obese when compared to individuals with genotypes 

HbSS/Sß0 who did not report HU use. No measurable effect of HU use on obesity was 

detected in the HbSC or HbSß+-thalassemia group.

Discussion

In this paper we report the median BMI and prevalence of overweight and obesity in the 

largest cohort of adults with SCD to our knowledge. Our results demonstrate that contrary to 

the currently accepted belief that individuals with SCD are underweight, a large proportion 

of this adult cohort, 43%, were overweight or obese. Our results are consistent with a 

growing body of evidence that suggests overweight and obese BMI status is becoming 

more prevalent as survival for SCD improves.5,24 This is particularly important as the SCD 

population ages and reaches adulthood, the morbidities experienced in older age by the 

general population can impact the health of the SCD population. This study contributes to 
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existing literature by elucidating the current prevalence of overweight and obese adults with 

SCD in a multi-regional sample in the U.S and clinical factors associated with high BMI.

Our data show that individuals who were older and female were more likely to be 

overweight or obese, which is consistent with previous smaller studies on children and 

adults with SCD.12,24 This finding is also consistent with NHANES 2017–2018 data, which 

showed that the prevalence of obesity is highest among women and non-Hispanic Black 

adults aged 40–59.25 A study comparing BMI to body fat (BF) percentage in women of 

reproductive age indicated that the current BMI cutoff value for obesity (≥30 kg/m2) may 

be too high.26 Another study using BF% to identify obesity in 22 women with SCD, 

demonstrated even with a normal mean BMI (22.6 kg/m2), this cohort had a mean BF% 

of 32.6% (consistent with obesity by dual-energy X-ray absorptiometry (DXA)).17,27–29 

Our study also showed that individuals who were college educated or had private health 

insurance also had a higher BMI. This contrasts with findings in the general population 

where individuals with less education and with Medicare and Medicaid insurance have a 

higher BMI.30,31 The relationship between BMI, education, and income is complex and 

does vary by race/ethnicity and gender. For instance, according to 2011–2014 NHANES 

data, compared to individuals with less education college graduated Hispanic women, non-

Hispanic Black women, and non-Hispanic White women had a lower prevalence of obesity. 

However, this difference was not noted for non-Hispanic Black men, Hispanic men, nor 

Asian men and women. One study suggests that the lower BMI noted in some educated 

individuals is primarily related to selection rather than causation; meaning that individuals 

with lower BMIs are more likely to achieve higher education rather than education causing 

one to have a lower BMI.31 In the current study, it is unclear why people with SCD with 

more education have higher BMIs. It is possible that those with a higher education or private 

insurance may have easier access to SCD subspecialty clinics and potentially access to 

improved disease management.

Our study demonstrated that individuals with HbSC or HbSβ+-thalassemia genotypes 

regardless of HU use, and individuals with HbSS or HbSβ0-thalassemia genotypes were 

more likely to be overweight or obese. This finding is similar to other SCD studies, yet 

is limited as some studies included pediatric populations.8,12,32 For instance, a greater 

prevalence of obesity was found in individuals with HbSC, HbSβ+-thalassemia, and HbSβ0-

thalassemia compared to the HbSS genotypes in a combined adult and pediatric population 

aged 0–24.3 It is also possible that those individuals with HbSS or HbSβ0 thalassemia 

genotypes who report HU use have a better metabolism and are able to gain weight.33,34 

Despite finding no difference in patient-reported disease severity using ASCQ-Me Medical 

History Checklist and no difference in pain frequency between BMI categories, we did find 

that having damage to hips or shoulders and having higher self-reported pain intensity was 

associated with being under or normal weight. Considering the pathophysiology of SCD, 

this finding is not surprising and under or normal weight status could be an indicator of 

severe disease activity and/or poorly controlled disease resulting in chronic anemia, organ 

damage, and high metabolic demand. This relationship will require further exploration in 

future studies.
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Individuals with HTN had a higher median BMI and over half (54.4%) of those with HTN 

were overweight or obese. Similarly, Farooqui et al. reported a higher prevalence of HTN in 

an overweight/obese population of SCD in a single center retrospective study in the U.S.5 

Akingbola et al. compared two cohorts of patients with sickle cell anemia from University 

of Illinois at Chicago and University of Ibadan, Nigeria and observed that the Chicago 

cohort was more likely to be overweight and obese, and rising BMI was independently 

associated with higher systolic and diastolic blood pressure and history of stroke.10 These 

associations are not only limited to the SCD population as associations between obesity, 

HTN, and ischemic heart disease have also been found among the general population.30 

Despite these findings, challenges remain in using BMI alone to determine the risk of 

adverse outcomes in racially and ethnically diverse populations.35,36 Compared to Whites, 

BMI in Blacks demonstrates weaker associations with dyslipidemia, body fat, metabolic 

syndrome, and all-cause mortality.37 In 49 adults with SCD, Ogunsile et al. demonstrated 

that 14.3% of participants met criteria for metabolic syndrome. Participants in that study 

also had a saturated fat and sugar intake that exceeded the national recommended daily 

allowance.8 This risk of metabolic syndrome and ischemic heart disease has serious clinical 

implications, which requires more attention since adults with SCD already have an increased 

risk of cardiopulmonary disease, renal disease, and functional decline that increases with 

age.13,38,39 Increasing BMI with age in adults without SCD is associated with a higher 

pulmonary artery systolic pressure by middle age.40 Although, tricuspid regurgitant jet 

velocity (TRV) was not measured in our study, it is important to note that obesity can 

influence TRV by potentially falsely elevating it; therefore, clinicians should be cautious 

when interpreting TRV when screening for pulmonary hypertension by echocardiogram 

in obese patients with SCD.40 High BMI in SCD has been associated with increased 

risk for premature mortality.41 Obesity-related complications may go under-diagnosed 

and undertreated since many adults with SCD lack access to high quality primary care, 

where obesity-related complications such as HTN and diabetes are usually diagnosed.42 

Hence, these findings emphasize the importance of co-management between hematology 

and primary care for adults with SCD and increased focus on nutrition and exercise.

Strengths and Limitations

The strengths of this study include the determination of BMI classification per CDC 

guidelines for adults ≥20 years of age. This provides a more accurate report of the 

prevalence of overweight, and obesity compared to prior studies that included pediatric 

patients with BMI assessed by growth charts. Additional strengths include the large sample 

size and geographic variation included in the SCDIC cohort.

Although BMI is a widely accepted method of classifying individuals’ BMI status, it is 

limited by its inability to differentiate between muscle and fat mass and should be explored 

in future studies. BMI identified 46.5% of Black women as obese compared to 28.0% 

of White women. In the same population, BF% identified 60.4% of Black women as 

obese (BF% >35% by World Health Organization cut point) compared to 58.7% of White 

women.26 Caution should be employed when using BMI to determine overall health status 

especially in Black women with SCD. Clinical discernment and personalization should be 

used when making decisions for weight-loss interventions.
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Given that the diagnosis of diabetes in SCD can be complex, we did not include diabetes as 

a non-SCD complication since we could not confirm if the diagnosis was made accurately.25 

The dataset used in this study did not include blood sugar nor lipid values with which 

we could make comparisons to BMI or characterize the role of high BMI in metabolic 

abnormalities. Another limitation included the use of patient-reported disease severity and 

SCD complications obtained from the ASCQ-Me Medical History Checklist rather than 

the collection of this information from the EHR. In addition, we could not determine 

associations between obesity, VOC, and death as these data were not available for this 

analysis, thus future studies are necessary to understand these relationships. Lack of data on 

physical function and activity represents another limitation. Despite the multi-institutional 

nature of this study, there is still an overrepresentation of Southern states in the SCDIC 

registry.

Conclusions

Our study demonstrated that the prevalence of overweight and obese BMI status is greater 

than previously reported among adults with SCD in the US. We report that high BMI 

is associated with HbSS or HbSβ0-thalassemia and HU use, HbSC or HbSβ+-thalassemia 

regardless of HU use, increasing age, female gender, some college, increased pain intensity, 

and HTN, which requires further exploration.
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Figure 1. 
Participant Eligibility Diagram
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Figure 2. 
Patient report of ASCQ-Me Medical History individual items

*p value<0.01. ***p value<0.0001; Responses are not mutually exclusive
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Table 1.

Participant socio-demographics and clinical characteristics

Characteristic N = 1664

BMI (median) 23.9 (21.1–28)

BMI (categories)

 Underweight (<18.5 kg/m2) 107 (6.4%)

 Normal Weight (18.5 – 24.9 kg/m2) 844 (50.7%)

 Overweight (25 – 29.9 kg/m2) 422 (25.4%)

 Obese (>30 kg/m2) 291 (17.5%)

Age

 Mean (SD) years 30.2 (6.8)

Age Category (years)

 20–25 506 (30.4%)

 26–35 751 (45.1%)

 36–45 407 (24.5%)

Gender

 Male 723 (43.4%)

 Female 941 (56.6%)

Race

 Black/African American 1604 (99.1%)

 Other Race (American Indian/Alaska Native, Asian, White) 15 (0.9%)

Ethnicity

 Hispanic ethnicity 81 (5.0)

Highest Education

 Less than high school 159 (9.7%)

 High school / GED 452 (27.6%)

 Some college or vocational training 593 (36.2%)

 College graduate or professional 432 (26.4%)

Employment

 Working now 641(39.3)

 Disabled 449 (27.5)

 Student 163 (10.0)

 Other (unemployed, retired) 378 (23.2)

Marital Status

 Married or living together 276 (17.4)

 Never married 1211 (76.3)

 Not married (divorced/separated, widowed) 101 (6.4)

Insurance

 Medicare, Medicaid or military health plan 1195 (72.0%)

 Private health Insurance 400 (24.1%)

 None 65 (3.9%)

Annual Household Income
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Characteristic N = 1664

 $25,000 and under 828 (55.3%)

 $25,001 – $50,000 328 (21.9%)

 $50,001+ 341 (22.8%)

Sickle cell disease diagnosis

 SS or Sß0 1221 (73.4%)

 SC 336 (20.2%)

 Sß+ 84 (5.0%)

 Other 23 (1.4%)

Non-SCD Complications

 Hypertension 590 (35.5%)

Patients with missing data are not included in calculations of percentages unless otherwise specified.

45 (2.7%) values were missing for race, 42 (2.5%) for ethnicity, 28 (1.7%) for education, 33 (2%) employment, 76 (4.6%), marital status, 4 (0.2%) 
for medical insurance, 3 (0.3%) for hypertension, 33 (2%) for hydroxyurea use, and 36 (2.2%) for PROMIS Emotional Distress. No values were 
missing for age, gender, or SCD genotype.
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Table 3.

Results of final multivariable logistic regression analysis for overweight/obese status

Variables Adjusted OR (95% CI) p-value Overall type III p-value *

Sex Male 0.4 (0.3–0.5) <0.0001 <.0001

Age Category (years) <.0001

 20–25 Ref.

 26–35 1.4 (1.05–1.8) 0.02

 36–45 2.3 (1.7–3.2) <0.0001

Highest Level of Degree 0.02

 Less than high school 1.2 (0.8–1.8) 0.5

 High school / GED 1.1 (0.8–1.5) 0.4

 Some college or vocational training 1.5 (1.1–2.0) 0.003

 College graduate or professional Ref

Insurance Coverage 0.01

 Medicare, Medicaid or military health plan Ref

 Private health Insurance 1.1 (0.9–1.5) 0.4

 None 0.4 (0.2–07) 0.003

Hypertension 2.0 (1.6–2.5) <0.0001 <.0001

SCD genotype, HU use combined

 SS/Sß0, no HU use Ref. <.0001

 SS/Sß0, HU use 1.6 (1.2–2.1) 0.0003

 SC/Sß+, HU use 3.4 (2.1–5.4) <0.0001

 SC/Sß+, No HU use 3.4 (2.5–4.7) <0.0001

*
Type 3 P-values assessing overall significance of the predictor for covariates with more than 2 levels
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