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Abstract

We assessed the association of erythrocyte indices on mean blood glucose-independent racial 

disparity in hemoglobin A1c (HbA1c) in youth with type 1 diabetes. Blacks still had higher 

HbA1c after adjustment for mean blood glucose, red blood cell indices, age, and sex. Such 

differences need to be taken into account when interpreting HbA1c in Black patients.

Hemoglobin A1c (HbA1c) is the most widely used indirect metric of glycemic control in 

patients with diabetes, and has been shown to be predictive of risk for long-term diabetes 

complications.1 Pediatric HbA1c goals for diabetes management have been endorsed and 

disseminated by professional groups; however, these recommendations do not take into 

account possible variation in HbA1c related to ethnicity or race.2 Evidence is accumulating 

that Black youth with type 1 diabetes (T1D) consistently have higher HbA1c than 

Whites.3–6 This has been the case even when the HbA1c data have been adjusted for 

concurrently measured blood glucose levels.5 Thus, factors besides mean blood glucose 

(MBG) appear to play a role in racial disparity of HbA1c and likely have relevance for 

diagnosis and management of diabetes across racial groups.5,7,8

Red blood cell (RBC) indices have been found to be correlated with HbA1c.9,10 We 

hypothesized that differences in RBC indices could underlie racial disparity in HbA1c. 

Therefore, we analyzed HbA1c data in a biracial population of children with T1D. The data 

were adjusted for the influence of MBG, RBC indices and age.

Methods

Youth with T1D from the Children’s Diabetes Center at Children’s Hospital of New Orleans, 

Louisiana, who self-identified as either Black or White, were recruited for the study. At the 

time of clinic visit, blood was drawn for HbA1c and complete blood count (CBC). MBG 

Reprint requests: Stuart Chalew, MD, Children’s Hospital of New Orleans and LSUHSC, New Orleans, LA. schale@lsuhsc.edu. 

The authors declare no conflicts of interest.

HHS Public Access
Author manuscript
J Pediatr. Author manuscript; available in PMC 2017 May 15.

Published in final edited form as:
J Pediatr. 2016 September ; 176: 197–199. doi:10.1016/j.jpeds.2016.03.068.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



was derived from the average of self-monitored capillary glucoses from the patient’s home 

glucose meter, collected during the 30 days prior to the clinic visit as previously described.5 

HbA1c was assayed by The National Glycohemoglobin Standardization Program approved 

immunoassay in the Vista automated system through the Children’s Hospital clinical lab. 

Hemoglobin, hematocrit, mean corpuscular volume (MCV), mean corpuscular hemoglobin 

(MCH), MCH concentration, platelet number, white blood cell (WBC) count, red cell 

distribution width, red cell distribution width coefficient of variation (RDW-CV), and red 

cell distribution width SD (RDW-SD) were determined on a Sysmex XN-1000 Hematology 

Analyzer in the Children’s Hospital of New Orleans clinical lab. The institutional review 

board of the Louisiana State University Health Sciences Center–New Orleans approved this 

study.

Pearson correlations between HbA1c and each of the other variables were calculated. Black 

vs White differences in means of variables were assessed by t-test. The influence of CBC 

indices, sex, race, chronological age, and MBG as independent variables on HbA1c was 

tested by multiple variable regression modeling (using PROC GLM, PROC STEPWISE of 

Statistical Analysis System; SAS Institute Inc, Cary, North Carolina). In the regression 

models the difference in HbA1c between Black and White patients was tested on the least 

squares means adjusted for race, age, sex, and RBC as main effects. Results were considered 

to be statistically significant at P = .05 level.

Results

Our study population was comprised of 83 patients (32 Blacks and 51 Whites; 42 male, 41 

female). Among all patients, HbA1c was correlated with MBG, MCH, MCV, MCH 

concentration, RDW-CV and RDW-SD, WBC, and platelet number for patient chronological 

age was correlated with hematocrit, MCV, MCH, and RDW-SD.

Variables by racial group are presented in the Table. There was no statistical difference in 

age or diabetes duration between Black and White patients. Except for RDW-SD and WBC, 

there were statistically significant differences in the means of all other CBC variables 

between the races (Table). The Figure depicts the relationship of HbA1c vs MBG by race. In 

the subsequent multiple variable regression model of HbA1c (dependent variable) with race, 

MBG, RDW-CV, sex, and age as independent variables, the overall model was statistically 

significant (R2 = 0.545, P < .0001). Race (P = .003), MBG (P < .0001), RDW-CV (P < .

026), and age (P = .0211), were statistically significant, but sex (P = .74) was not. The least 

squares mean HbA1c for Blacks and Whites adjusted for the other variables in the model 

was statistically different at 10.3% and 9.2%, respectively (P = .003). Substitution of the 

other CBC indices in the model for RDW-CV as an independent variable were not 

statistically significant, but both race and MBG remained significant.

Discussion

Higher HbA1c in Blacks compared with Whites, independent of glucose levels, also has 

been reported from other populations.8 Thus, it appears thatHbA1cmay generally 

overestimate MBG for many Black individuals.5,7 The mechanisms leading to higher HbA1c 
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not due to higher MBG in Black individuals are unclear.8 RBC factors such as RBC 

longevity and glucose permeability have been proposed as sources of this difference.11,12 

However, current methods of direct measurement of RBC longevity and glucose 

permeability are quite expensive, time consuming, and impractical for general clinical 

research especially in children. RBC indices such as RDW-CV are readily obtainable and 

have been correlated with RBC longevity, iron status, andHbA1c.9,10,13 In this study, we 

found that even though multiple RBC indices were correlated with HbA1c, and the means of 

these variables differed between the races, none of these factors eliminated race as a 

statistically significant independent covariate in multiple variable models.

These findings provide additional evidence that higher HbA1c in Blacks compared with 

White patients with T1D is not completely explainable by differences in MBG, age, or 

RDW-CV. Increased RDW-CV and decreased hemoglobin may be associated with decreased 

iron status,14 which has been linked with higher HbA1c. Therefore, iron status should be 

explored more fully as a possible source of HbA1c racial disparity. A limitation of this study 

and other similar studies in the past5,8 has been the small number of glucose samples used to 

derive MBG and may contribute in part to greater variation in the HbA1c/MBG relationship. 

Future studies may strive to reduce such variation by deriving MBG from protocols using 

continuous glucose monitoring. Recognition of MBG-independent racial difference in 

HbA1c and determining its cause/s is important to making diabetes management safer and 

more effective for all children.
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Glossary

CBC Complete blood count

HbA1c Hemoglobin A1c

MBG Mean blood glucose

MCH Mean corpuscular hemoglobin

MCV Mean corpuscular volume

RBC Red blood cell

RDW-CV Red cell distribution width coefficient of variation

RDW-SD Red cell distribution width SD

T1D Type 1 diabetes

WBC White blood cell
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Figure. 
The relationship of HbA1c with MBG by race in youth with T1D. Black dots and unbroken 
regression line represent Black patients. Open circles and broken regression line represent 

White patients. Blacks have a higher HbA1c than Whites at similar levels of MBG. HbA1c 

(%) and MBG in mg/dL. Both MBG (P < .0001) and race (P = .003) have statistically 

significant independent influence on HbA1c when also adjusted for the influence of age and 

RDW-CV.
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Table

Differences in CBC indices between Black and White patients n = 83

Index Black n = 32 White n = 51 P

HbA1c (%) 10.8 ± 1.7 8.9 ± 1.2 <.0001

Age (y) 13.3 ± 3.8 14.5 ± 3.5 .1573

Duration (y) 8.5 ± 3.8 8.3 ± 3.7 .85

MBG (mg/dL) 260 ± 86 197 ± 43 .0003

Hemoglobin 13.3 ± 1.5 14.3 ± 1.1 .0016

HCT 40 ± 3.7 41.6 ± 3. .0177

MCV 80.8 ± 5.7 84.5 ± 4.6 .0028

MCH 27.1 ± 2.4 28.9 ± 1.8 .0003

MCH concentration 33.5 ± 1.5 34.3 ± 0.9 .0060

RDW-CV 13.5 ± 1.1 12.6 ± 0.6 .0001

RDW-SD 39.5 ± 2.8 38.6 ± 2.2 .118

WBC 6.7 ± 2.6 6.5 ± 1.9 .66

Platelet number 289.8 ± 66.9 259.1 ± 46.2 .0267

HCT, hematocrit.
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