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Objective: Hemoglobin A1c (HbA1c) is the primary laboratory marker for assessing 
long-term glycemic status, but its interpretation may be influenced by erythrocyte 
physiology. This study evaluated the association between routinely reported red 
blood cell (RBC) indices and HbA1c in pediatric and adult diabetic and non-diabetic 
patients. 
Methods: A retrospective observational study was conducted using electronic 
medical record and laboratory information system data from the University of 
Texas Medical Branch between 2010 and 2025. The pediatric cohort included 565 
encounters, and the adult cohort included 14,790 encounters. Hemoglobin (Hgb), 
hematocrit (Hct), mean corpuscular volume (MCV), mean corpuscular hemoglobin 
(MCH), mean corpuscular hemoglobin concentration (MCHC), and red cell 
distribution width (RDW) were evaluated using correlation, group comparison, and 
multivariable regression analyses. 
Results: Significant associations between HbA1c and multiple RBC indices were 
identified in both pediatric and adult populations, although the pattern of 
associations differed by age. Pediatric patients demonstrated predominantly 
hemoglobin-related associations, whereas adult patients showed stronger 
relationships involving erythrocyte morphology. Adult diabetic patients also 
demonstrated significant differences in several RBC indices compared with 
matched non-diabetic controls. However, glycemic control was not independently 
associated with the overall presence of abnormal RBC indices after multivariable 
adjustment. 
Conclusion: Routine CBC-derived RBC indices demonstrated age-related associ-
ations with HbA1c across pediatric and adult populations. Although these indices 
should not be considered independent markers of diabetes or glycemic control, 
they may provide additional laboratory context when interpreting HbA1c results. 
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Introduction 
Hemoglobin A1c (HbA1c) is the primary labora-
tory marker for assessing long-term glycemic 
status and plays a central role in the diagnosis 
and management of diabetes mellitus. Because 
HbA1c reflects the nonenzymatic glycation of 
hemoglobin throughout the lifespan of 
circulating erythrocytes, its interpretation 
depends not only on glucose exposure but also 
on red blood cell (RBC) physiology, lifespan, 
and turnover.¹⁻⁴ 

Conditions that alter erythrocyte survival or 
morphology may therefore influence HbA1c 
independent of true glycemic status, poten-
tially affecting clinical interpretation.²⁻⁴ Gro-
wing evidence suggests that chronic hyper-
glycemia is associated with oxidative stress, 
membrane glycation, altered erythrocyte def-
ormability, and inflammatory changes that 
may affect routinely reported CBC-derived RBC 
indices, including hemoglobin (Hgb), hemato-
crit (Hct), mean corpuscular volume (MCV), 
mean corpuscular hemoglobin (MCH), mean co-
rpuscular hemoglobin concentration (MCHC), 
and red cell distribution width (RDW).⁵⁻⁹ 
Because these parameters are generated as 
part of routine complete blood count testing, 
they have attracted increasing interest as 
potential adjunctive markers that may provide 
additional context for HbA1c interpretation 
without requiring additional laboratory tes-
ting.⁵,⁶ 

Previous studies have reported associations 
between individual RBC indices and diabetes or 
HbA1c, particularly involving RDW, MCV, and 
MCH.⁵,⁷⁻⁹ However, published findings remain 
inconsistent with respect to the magnitude and 
direction of these relationships, likely ref-
lecting differences in study populations, dia-
betes subtype, disease duration, and under-
lying hematologic variability. In addition, 
many investigations have focused exclusively 
on either pediatric or adult populations or 
evaluated isolated RBC parameters rather than 
broader hematologic patterns, limiting direct 
comparison across age groups.⁵,⁸,¹⁰ Because 
erythrocyte physiology differs throughout the 
lifespan, the relationship between HbA1c and 

RBC indices may also differ between pediatric 
and adult patients. Clarifying these age-rela-
ted patterns may improve understanding of the 
biologic factors influencing HbA1c inter-
pretation and provide additional insight into 
routinely available hematologic parameters 
encountered in clinical laboratory practice. 
The objective of this study was to evaluate the 
association between routinely reported RBC 
indices and HbA1c in pediatric and adult 
diabetic and non-diabetic patients using a 
large retrospective cohort from an academic 
health system. We further sought to determine 
whether these associations differed between 
age groups and to assess the potential 
interpretive value of CBC-derived RBC indices 
in the evaluation of HbA1c. 
 

Materials and Methods 
Study Design and Setting 
A retrospective observational study was 
conducted using electronic medical record 
(Epic) and laboratory information system (LIS) 
data from the University of Texas Medical 
Branch (UTMB), an academic health system 
serving Southeast Texas. Clinical encounters 
between January 1, 2010, and December 31, 
2025, were eligible for inclusion if a complete 
blood count (CBC) and hemoglobin A1c (HbA1c) 
were performed on the same day. The unit of 
analysis was the clinical encounter to preserve 
temporal alignment between hematologic and 
glycemic measurements. Pediatric (≤18 years) 
and adult (>18 years) cohorts were analyzed 
separately because of known physiologic 
differences in erythrocyte parameters.  
 

Data Collection 
Following Institutional Review Board (IRB) 
approval (26-0066.002), clinical and laboratory 
data were collected from the Epic electronic 
medical record and laboratory information 
system (LIS). Laboratory variables included 
complete blood count (CBC) parameters 
consisting of hemoglobin, hematocrit, mean 
corpuscular volume (MCV), mean corpuscular 
hemoglobin (MCH), mean corpuscular hemo-
globin concentration (MCHC), red cell distri-
bution width (RDW), and hemoglobin A1c 

128 



International Journal of Biomedical Laboratory Science (IJBLS) 2026 Vol.15 No.2:  127 – 137 

Åpen 

(HbA1c). Demographic and clinical variables, 
including age, biological sex, body mass index 
(BMI), and diabetes status, were also co-
llected. CBC and HbA1c results obtained during 
the same clinical encounter were paired to 
ensure temporal alignment between hemato-
logic and glycemic parameters. 
 

Study Population 
Diabetic encounters were identified using ICD-
10 codes for type 1 diabetes (E10.x), type 2 
diabetes (E11.x), and other specified diabetes 
mellitus (E13.x). Encounters without diabetes-
related ICD-10 codes served as non-diabetic 
controls. Adult diabetic and non-diabetic en-
counters were age- and sex-matched using a 
randomly selected sample, whereas all eligible 
pediatric encounters were included because of 
the smaller available cohort. Among pediatric 
diabetic encounters, 206 (72.0%) were class-
ified as type 1 diabetes, whereas among adult 
diabetic encounters, 5,698 (77.0%) were classi-
fied as type 2 diabetes. Encounters associated 
with conditions known to affect erythrocyte 
physiology or HbA1c interpretation were 
excluded, including hemoglobinopathies, iron 
deficiency, vitamin B12 deficiency, folate 
deficiency, hemolytic anemia, bone marrow 
disorders, hematologic malignancies, chronic 
kidney disease, chronic liver disease, 
pregnancy or the postpartum period, blood 
transfusion within the preceding 3 months, 
active infection or inflammation, ICU enco-
unters, and hemolyzed, incomplete, or other-
wise invalid laboratory results. 
 

Statistical Analysis 
Statistical analyses were performed using IBM 
SPSS Statistics version 28 (IBM Corp., Armonk, 
NY, USA). Continuous variables are presented 
as mean ± standard deviation, and categorical 
variables are presented as frequencies and 
percentages. 

Among pediatric diabetic encounters, 
Spearman rank correlation was used to eva-
luate associations between HbA1c and indivi-
dual RBC indices. Separate multivariable linear 
regression models were then performed to 
evaluate the association of each RBC index 

with HbA1c after adjustment for age, 
biological sex, and BMI. Regression analyses 
were performed using complete-case analysis; 
encounters with missing values for variables 
included in a given model were excluded from 
that analysis. 

Differences between pediatric diabetic and 
non-diabetic groups were evaluated using 
independent-samples t-tests. 

Adult diabetic encounters were stratified 
according to HbA1c <7% or ≥7%. Differences in 
the prevalence of abnormal RBC indices 
between glycemic control groups were asse-
ssed using χ² tests, and multivariable logistic 
regression was performed to evaluate factors 
associated with the presence of at least one 
abnormal RBC index after adjustment for age, 
BMI, biological sex, and race. Abnormal RBC in-
dices were classified using the institutional 
adult reference intervals in effect at the 
University of Texas Medical Branch during the 
study period. Hemoglobin and hematocrit 
abnormalities were determined using sex-
specific reference intervals. An encounter was 
classified as having an abnormal RBC index if 
at least one evaluated RBC parameter fell 
below or above its corresponding reference 
interval. Adult reference intervals were as 
follows: hemoglobin, 14.0–17.5 g/dL (male) 
and 12.3–15.3 g/dL (female); hematocrit, 
41.5–50.4% (male) and 35.9–44.6% (female); 
MCV, 80.0–96.1 fL; MCH, 27.5–33.2 pg; MCHC, 
33.4–35.5 g/dL; and RDW, 11.6–14.6%. 

Adult diabetic and non-diabetic groups 
were compared using independent-samples 
t tests for continuous variables and χ² tests for 
categorical variables. Additional Spearman 
correlation analyses evaluated associations 
between HbA1c and RBC indices within each 
group. Statistical significance was defined as a 
two-sided p < .05. 

 

Ethics 
The study was approved by the University of 
Texas Medical Branch Institutional Review 
Board (IRB No. 26-0066.002), which granted a 
waiver of informed consent because of the 
retrospective design and minimal risk to 
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participants. All data were de-identified be-
fore analysis. The study was conducted in 
accordance with applicable institutional and 
federal requirements for human-subject 
research and the Health Insurance Portability 
and Accountability Act (HIPAA). 
 

Results 
Study Population  
A total of 15,355 clinical encounters met the 
study eligibility criteria, including 565 pedi-
atric encounters (286 diabetic and 279 non-
diabetic) and 14,790 adult encounters (7,399 
diabetic and 7,391 non-diabetic). All encoun-
ters included same-day complete blood count 
(CBC) and hemoglobin A1c (HbA1c) measure-
ments following application of the predefined 
inclusion and exclusion criteria (Figure 1).  
 

 

 
Figure 1. Study selection flow diagram.  
Abbreviations: CBC, complete blood count; HbA1c, 
hemoglobin A1c; ICU, intensive care unit. 
 

 
Baseline demographic and clinical 

characteristics are presented in Table 1. Pedi-
atric diabetic and non-diabetic groups were 
matched on age and sex, with no significant 
differences in mean age, sex distribution, 

race, or body mass index (BMI). In contrast, 
while adult diabetic and non-diabetic groups 
were also matched on age and sex, diabetic 
adults had a significantly higher mean BMI and 
differed in racial distribution compared with 
non-diabetic adults (p < .001 for both). As 
expected, mean HbA1c was significantly higher 
in diabetic than non-diabetic patients in both 
pediatric and adult cohorts (Table 1). 

Pediatric diabetes consisted predominantly 
of type 1 diabetes (206/286, 72.0%), whereas 
the adult diabetic cohort was primarily 
composed of patients with type 2 diabetes 
(5,698/7,399, 77.0%).  

Compared with non-diabetic pediatric 
patients, diabetic pediatric patients demon-
strated significantly higher Hgb, Hct, and 
MCHC values and significantly lower MCV, 
whereas MCH and RDW did not differ signi-
ficantly (Table 2). 

Among diabetic pediatric patients, HbA1c 
demonstrated the strongest positive corre-
lation with Hgb (ρ = 0.379, p < .001), followed 
by Hct (ρ = 0.295, p < .001) and MCHC (ρ = 
0.267, p < .001). MCH showed a weak positive 
correlation with HbA1c (ρ = 0.138, p = .020), 
whereas no significant correlations were 
observed for MCV or RDW (Table 2). 

In multivariable linear regression adjusting 
for age, sex, and BMI, Hgb remained the 
strongest independently associated parameter 
with HbA1c (standardized β = 0.375, p < .001), 
followed by Hct (β = 0.307, p < .001) and MCHC 
(β = 0.184, p   = .002). RDW demonstrated a 
small positive independent association with 
HbA1c (β = 0.175, p   = .003), whereas MCV and 
MCH were not independently associated with 
HbA1c. 

Compared with non-diabetic adults, diabe-
tic patients demonstrated significantly lower 
Hgb, Hct, MCV, and MCH values and signifi-
cantly higher RDW, whereas MCHC did not 
differ significantly between groups (Table 3).  

Among diabetic adults, HbA1c demon-
strated the strongest inverse correlation with 
MCV (ρ = −0.250, p < .001), followed by MCH (ρ 
= −0.186, p < .001). Weak positive correlations 
were  observed  for  Hgb  (ρ = 0.121, p < .001),

130 



International Journal of Biomedical Laboratory Science (IJBLS) 2026 Vol.15 No.2:  127 – 137 

Åpen 

Table 1. Baseline Characteristics of the Study Population. 

Pediatric Cohort 

Characteristic Diabetic (n = 286) Non-Diabetic (n = 279) p -Value 

Age, years 13.17 ± 4.00 13.24 ± 3.96 0.846 

Male, n (%) 139 (48.6) 134 (48.0) 
- 

Female, n (%) 147 (51.4) 145 (52.0) 

White, n (%) 202 (70.6) 220 (78.9) 

0.078 Black, n (%) 75 (26.2) 53 (19.0) 

Other race, n (%)† 9 (3.2) 6 (2.2) 

BMI, kg/m² 27.40 ± 10.54 27.68 ± 7.44 0.725 

HbA1c, % 9.26 ± 2.40 5.42 ± 0.43 <.001 

Adult Cohort 

Characteristic Diabetic (n = 7,399) Non-Diabetic (n = 7,391) p -Value 

Age, years 58.48 ± 14.59 58.55 ± 14.55 0.785 

Male, n (%) 3,757 (50.8) 3,746 (50.7) 
- 

Female, n (%) 3,642 (49.2) 3,645 (49.3) 

White, n (%) 5,891 (79.6) 6,092 (82.4) 

<.001 Black, n (%) 1,192 (16.1) 883 (11.9) 

Other race, n (%)† 316 (4.3) 416 (5.6) 

BMI, kg/m² 33.89 ± 8.45 31.06 ± 7.67 <.001 

HbA1c, % 8.43 ± 2.17 5.52 ± 0.39 <.001 

Abbreviations: BMI, body mass index; HbA1c, hemoglobin A1c. 
†Other race includes Asian, American Indian/Alaska Native, Native Hawaiian/Other Pacific Islander (adults 
only), multiracial/unknown, and other infrequently represented racial categories. 
 
 
Table 2. Comparison of Red Blood Cell Indices Between Pediatric Diabetic and Non-Diabetic Patients and Their 
Association with HbA1c. 

RBC Index Diabetic  
(n = 286)  
Mean ± SD 

Non-Diabetic  
(n = 279) 
 Mean ± SD 

p -Value† Spearman's ρ‡ p -Value 

Hemoglobin (g/dL) 14.30 ± 1.80 13.57 ± 1.46 <.001 0.379 <.001 

Hematocrit (%) 42.37 ± 5.05 41.01 ± 3.86 <.001 0.295 <.001 

Mean corpuscular 
volume (fL) 

83.29 ± 5.03 84.43 ± 5.48 0.010 −0.020 0.732 

Mean corpuscular 
hemoglobin (pg) 

28.07 ± 2.20 27.94 ± 2.19 0.472 0.138 0.020 

Mean corpuscular 
hemoglobin 
concentration (g/dL) 

33.70 ± 1.60 33.07 ± 1.23 <.001 0.267 <.001 

Red cell distribution 
width (%) 

13.06 ± 1.16 13.03 ± 1.15 0.768 0.060 0.309 

Abbreviations: HbA1c, hemoglobin A1c. SD, standard deviation. 
† p-values comparing diabetic and non-diabetic pediatric patients were calculated using the independent-
samples t-test. 
‡ Spearman rank correlation coefficients represent the association between HbA1c and RBC indices among 
pediatric diabetic patients. 
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Table 3. Comparison of Red Blood Cell Indices Between Adult Diabetic and Non-Diabetic Patients and Their 
Association with HbA1c.  

RBC Index Diabetic 
(n = 7,399) 
Mean ± SD 

Non-
Diabetic (n 
= 7,391) 
Mean ± SD 

p-
Value† 

Spearman's ρ 
(Diabetic)‡ 

p-
Value 

Spearman's ρ 
(Non-
Diabetic) ‡ 

p-
Value 

Hemoglobin 
(g/dL) 

13.59 ± 1.92 13.66 ± 1.86 0.026 0.121 <.001 −0.052 <.001 

Hematocrit 
(%) 

41.09 ± 5.32 41.26 ± 5.18 0.039 0.105 <.001 −0.017 0.148 

Mean 
corpuscular 
volume (fL) 

88.58 ± 5.73 90.22 ± 5.49 <.001 −0.250 <.001 −0.178 <.001 

Mean 
corpuscular 
hemoglobin 
(pg) 

29.30 ± 2.33 29.86 ± 2.26 <.001 −0.186 <.001 −0.213 <.001 

Mean 
corpuscular 
hemoglobin 
concentration 
(g/dL) 

33.06 ± 1.40 33.08 ± 1.28 0.343 0.106 <.001 −0.112 <.001 

Red cell 
distribution 
width (%) 

13.51 ± 1.51 13.45 ± 1.50 <.001 −0.115 <.001 0.229 <.001 

Abbreviations: HbA1c, hemoglobin A1c; SD, standard deviation. 
† p-values comparing diabetic and non-diabetic adult patients were calculated using the independent-
samples t-test. 
‡ Spearman's rank correlation coefficients (ρ) represent the association between HbA1c and each RBC 
index within diabetic and non-diabetic adult cohorts separately. 

 
Hct (ρ = 0.105, p < .001), and MCHC (ρ = 
0.106, p < .001), whereas RDW demonstrated a 
weak inverse correlation with HbA1c (ρ = 
−0.115, p < .001). Among non-diabetic adults, 
HbA1c demonstrated weak inverse correlations 
with MCV (ρ = −0.178, p < .001), MCH (ρ = 
−0.213, p < .001), and MCHC (ρ = −0.112, p < 
.001), whereas RDW demonstrated a weak 
positive correlation (ρ = 0.229, p < .001). No 
significant correlation was observed between 
HbA1c and Hct (ρ = −0.017, p = .148), while the 
inverse correlation with Hgb was statistically 
significant but very weak (ρ = −0.052, p < 
.001). These findings suggest that the 
relationships between HbA1c and RBC indices 
differ according to diabetic status (Table 3). 
Among adult diabetic patients, the prevalence 
of at least one abnormal RBC index did not 

differ significantly between those with 
controlled and uncontrolled glycemia (51.1% 
versus 50.6%, respectively; p = .650). Patients 
with uncontrolled glycemia had a higher 
prevalence of abnormal Hct than those with 
controlled glycemia (29.2% versus 27.1%, p = 
.040). In contrast, abnormal MCHC (22.5% ver-
sus 18.8%, p < .001) and RDW (20.7% versus 
14.8%, p < .001) were more prevalent among 
patients with controlled glycemia. No signi-
ficant differences were observed for abnormal 
Hgb, MCH, or MCV. 

In multivariable logistic regression adjust-
ing for age, BMI, sex, and race, glycemic 
control was not independently associated with 
the presence of at least one abnormal RBC 
index (OR 1.07, 95% CI 0.97–1.18, p = .161). 
Increasing age, higher BMI, male sex, and Black 
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race remained independently associated with 
abnormal RBC indices. 
 

Discussion 
Principal Findings 
Significant associations were identified 
between HbA1c and multiple routinely repor-
ted RBC indices across both pediatric and adult 
populations. However, the pattern of these 
associations differed by age. Pediatric patients 
demonstrated predominantly hemoglobin-rela-
ted associations, with Hgb, Hct, and MCHC 
showing the strongest relationships with 
HbA1c, whereas adult patients demonstrated 
stronger associations involving erythrocyte 
morphology, particularly MCV, MCH, and RDW. 
These findings extend previous evidence that 
erythrocyte characteristics influence HbA1c 
interpretation and support the concept that 
the relationship between HbA1c and 
erythrocyte physiology varies across different 
stages of life. ¹⁻⁴ 

Although many of the observed differences 
were statistically significant, most were mod-
est in magnitude and remained within their 
respective reference intervals. Accordingly, 
these RBC indices should not be interpreted as 
independent diagnostic markers of diabetes or 
glycemic control. Rather, they may serve as 
complementary laboratory parameters that 
provide additional context when interpreting 
HbA1c, particularly when HbA1c appears 
discordant with the clinical presentation or 
other measures of glycemia.¹⁻³,⁶ Furthermore, 
these findings reinforce the importance of 
integrating routinely available hematologic 
parameters into the broader interpretation of 
laboratory results rather than evaluating 
HbA1c in isolation. ⁶ 

 

Pediatric Findings 
The pediatric cohort demonstrated a distinct 
pattern in which HbA1c was most strongly 
associated with hemoglobin-related paramet-
ers. Hgb, Hct, and MCHC were significantly 
higher in diabetic than non-diabetic patients 
and remained independently associated with 
HbA1c after adjustment for age, sex, and BMI. 

In contrast, MCV and RDW were not inde-
pendently associated with HbA1c. This pattern 
differs from that observed in many adult 
studies, in which alterations in erythrocyte 
morphology, particularly MCV and RDW, have 
shown stronger associations with glycemic 
status.⁵,⁸,¹⁴ 

One plausible explanation is the pre-
dominance of type 1 diabetes within the 
pediatric cohort. Children with newly diag-
nosed or poorly controlled type 1 diabetes 
frequently present with marked hyperglycemia 
accompanied by osmotic diuresis, resulting in 
relative intravascular volume depletion before 
treatment. This physiologic response may 
contribute to the higher Hgb and Hct values 
observed in our study. However, hydration 
status, timing relative to diabetes diagnosis, 
and disease duration were not available in this 
retrospective dataset, so this proposed 
mechanism could not be directly evaluated. 
Tihić-Kapidžić et al. likewise reported sign-
ificant differences in hematologic indices bet-
ween children with type 1 diabetes and healthy 
controls, supporting the concept that 
diabetes-related hematologic alterations are 
detectable early in the disease course.¹⁰ In 
addition, Herance et al. demonstrated that 
type 1 diabetes is associated with metabolic 
and lipidomic alterations in erythrocytes, prov-
iding further evidence that hyperglycemia may 
influence erythrocyte physiology beyond 
glucose metabolism alone.¹² 

Interestingly, MCV and RDW were not inde-
pendently associated with HbA1c after 
adjustment, suggesting that structural alter-
ations in erythrocytes may be less pronounced 
during pediatric diabetes than in adulthood. 
This may reflect shorter disease duration and 
reduced cumulative exposure to chronic 
hyperglycemia compared with adult popu-
lations. Similar observations have been 
reported by Salami et al., who demonstrated 
associations between RBC-related parameters 
and declining β-cell function in children at risk 
for type 1 diabetes, suggesting that hemato-
logic alterations occur early but may differ 
from those observed in established adult 
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diabetes.¹³ Collectively, these findings suggest 
that the hematologic response to diabetes evo-
lves over time and emphasize the importance 
of considering patient age when interpreting 
relationships between HbA1c and routine RBC 
indices. 
 

Adult Findings 
In contrast to the pediatric cohort, adult 
patients demonstrated a pattern characterized 
predominantly by alterations in erythrocyte 
morphology. Diabetic adults had significantly 
lower MCV and MCH values and higher RDW 
compared with non-diabetic adults, with MCV 
demonstrating the strongest inverse asso-
ciation with HbA1c. These findings are consis-
tent with those reported by Alamri et al., who 
observed significantly lower MCV and MCH 
among adults with diabetes, and by Asmamaw 
et al., who demonstrated significant associ-
ations between multiple RBC indices and long-
term glycemic control.⁵,⁸ More recently, Mesh-
esha et al. further reported that several RBC 
indices were associated with glycemic control 
and diabetes-related complications, support-
ting the growing evidence that chronic hyper-
glycemia is accompanied by measurable alter-
ations in erythrocyte morphology.¹³ 

Several biologic mechanisms may explain 
these findings. Chronic hyperglycemia promo-
tes nonenzymatic glycation of erythrocyte 
membrane proteins, increases oxidative stress, 
and contributes to chronic low-grade 
inflammation, all of which impair membrane 
stability, reduce erythrocyte deformability, 
and alter erythrocyte survival.³,⁹,¹⁴,¹⁵ Alter-
ations in erythrocyte lifespan may further 
influence both RBC indices and HbA1c 
interpretation, as demonstrated by Cohen et 
al. and Xu et al., who highlighted the impor-
tance of erythrocyte turnover in determining 
HbA1c values independent of glucose con-
centration.²,⁴ The persistence of the observed 
associations following multivariable adjust-
ment in the present study further supports the 
relationship between chronic glycemic expo-
sure and erythrocyte morphology. 

An additional finding of interest was the 
differing relationship between RDW and HbA1c 

according to diabetic status. Although RDW 
was significantly higher in diabetic than non-
diabetic adults overall, HbA1c demonstrated a 
weak inverse correlation with RDW within the 
diabetic cohort, whereas a positive correlation 
was observed among non-diabetic adults. This 
finding differs from several previous studies 
reporting positive associations between RDW 
and glycemic measures.⁷,⁹ One possible expla-
nation is the rigorous exclusion criteria applied 
in the present study. By excluding patients 
with iron deficiency, chronic kidney disease, 
active inflammation, malignancy, hemoglo-
binopathies, and other conditions known to 
independently influence RDW, the present 
analysis may have reduced important sources 
of confounding that contributed to the positive 
associations reported previously. Never-
theless, the underlying mechanisms remain 
uncertain and warrant prospective investi-
gation incorporating biomarkers of iron meta-
bolism, inflammation, reticulocyte product-
ion, and erythrocyte lifespan. 

 

Age-Related Differences in RBC–HbA1c 
Associations 
A major finding of this study was the 
identification of distinct age-related patterns 
in the relationship between HbA1c and 
routinely reported RBC indices. In pediatric 
patients, HbA1c was most strongly associated 
with hemoglobin-related parameters, whereas 
in adults, the strongest associations involved 
erythrocyte morphology, particularly MCV, 
MCH, and RDW. Previous studies have largely 
evaluated pediatric or adult populations 
independently, making direct comparisons acr-
oss age groups difficult.⁵,⁸,¹⁰,¹¹,¹³ By evaluat-
ing both cohorts using the same study design, 
laboratory parameters, and analytical appro-
ach, the present study provides a more comp-
rehensive assessment of how the relationship 
between HbA1c and RBC indices differs across 
the lifespan. 

Several factors may contribute to these 
age-related differences. The predominance of 
type 1 diabetes in the pediatric cohort and 
type 2 diabetes in the adult cohort likely 
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reflects differences in disease pathophys-
iology, duration of hyperglycemia, and cumu-
lative metabolic exposure. Adults generally 
experience longer exposure to chronic 
hyperglycemia, oxidative stress, and inflam-
mation, all of which contribute to progressive 
erythrocyte membrane damage and altered 
cell survival.³,⁴,¹⁴,¹⁵ In contrast, pediatric pati-
ents may exhibit earlier physiologic responses 
to hyperglycemia before substantial structural 
remodeling of erythrocytes has occurred. 
These age-related differences may explain why 
hemoglobin-related parameters predominated 
in the pediatric cohort, whereas morphology-
related indices were more strongly associated 
with HbA1c in adults. 

Our findings also provide a possible 
explanation for the variability reported across 
previous studies evaluating RBC indices in dia-
betes. Differences in patient age, diabetes 
type, disease duration, study populations, and 
exclusion criteria may contribute to the incon-
sistent associations reported between HbA1c 
and individual RBC indices. By examining both 
pediatric and adult cohorts within a single 
analytical framework while applying rigorous 
exclusion criteria to minimize hematologic 
confounders, the present study demonstrates 
that the relationship between HbA1c and 
erythrocyte indices is not uniform but varies 
according to patient characteristics and dis-
ease context. These findings underscore the 
importance of considering age when inter-
preting the interaction between erythrocyte 
physiology and HbA1c. 
 

Clinical Significance 
The findings of this study should be interpreted 
within the context of routine clinical labo-
ratory practice. Although several RBC indices 
differed significantly between diabetic and 
non-diabetic patients and demonstrated signi-
ficant associations with HbA1c, most of these 
differences were modest in magnitude and 
remained within established reference inter-
vals. Consequently, these parameters should 
not be considered independent diagnostic 
markers of diabetes or replacements for 

HbA1c. Rather, they should be viewed as com-
plementary laboratory findings that may 
provide additional context during inter-
pretation of HbA1c results.¹,³,⁶ 

These findings are particularly relevant 
when HbA1c appears discordant with the clini-
cal presentation or other measures of 
glycemia. Current laboratory guidelines em-
phasize that HbA1c reflects not only glycemic 
exposure but also erythrocyte biology, 
including factors affecting erythrocyte lifespan 
and turnover.¹⁻⁴ Routine CBC parameters are 
inexpensive, widely available, and already 
incorporated into standard clinical practice. 
While they should not be used in isolation to 
guide diabetes diagnosis or management, 
awareness of age-related hematologic patterns 
may assist laboratorians and clinicians in 
recognizing situations in which erythrocyte 
physiology could influence HbA1c inter-
pretation. 
 

Strengths and Limitations 
This study has several strengths. It included a 
large cohort of more than 15,000 pediatric and 
adult clinical encounters evaluated over a 16-
year period using standardized laboratory 
measurements performed within a single heal-
th system. The inclusion of both pediatric and 
adult populations allowed direct comparison of 
age-related patterns using a common analy-
tical framework, an approach that has been 
infrequently reported in the literature. In 
addition, rigorous exclusion criteria were 
applied to minimize the influence of conditions 
known to affect RBC indices or HbA1c 
interpretation, thereby reducing potential 
confounding and strengthening the validity of 
the observed associations. 

Several limitations should also be 
acknowledged. First, the retrospective obser-
vational design permits identification of 
associations but does not establish causality. 
Second, analyses were performed at the 
encounter level rather than the patient level; 
therefore, repeated encounters from the same 
individual may not have been fully accounted 
for. Third, important variables that may 
influence erythrocyte physiology, including 

135 



International Journal of Biomedical Laboratory Science (IJBLS) 2026 Vol.15 No.2:  127 – 137 

Åpen 

disease duration, diabetes treatment, iron 
status, reticulocyte count, and direct mea-
sures of erythrocyte lifespan, were 
unavailable. Although extensive exclusion crit-
eria were implemented to reduce confounding, 
residual confounding from unmeasured factors 
remains possible. Finally, many of the 
observed associations, while statistically sig-
nificant, were modest in magnitude, and most 
RBC indices remained within their respective 
reference intervals. Consequently, these find-
ings should be interpreted as complementary 
to existing approaches for HbA1c inter-
pretation rather than as evidence supporting 
the independent clinical use of RBC indices. 
 

Conclusion 
In conclusion, significant associations were 
observed between HbA1c and multiple routin-
ely reported RBC indices in both pediatric and 
adult patients, although the pattern of these 
associations differed according to age. Ped-
iatric diabetes was characterized predom-
inantly by associations with hemoglobin-rel-
ated parameters, whereas adult diabetes 
demonstrated stronger relationships involving 
erythrocyte morphology, particularly MCV, 
MCH, and RDW. These findings suggest that the 
interaction between glycemic control and 
erythrocyte physiology is age dependent and 
should be considered when interpreting HbA1c 
in clinical practice. 

Although the observed differences were 
generally modest and do not support the 
independent clinical use of RBC indices for 
diagnosing or monitoring diabetes, routinely 
available CBC parameters may provide valu-
able complementary information when HbA1c 
appears discordant with the clinical presen-
tation or other measures of glycemia. Future 
prospective studies incorporating longitudinal 
follow-up and direct measures of erythrocyte 
lifespan are warranted to further clarify the 
mechanisms underlying these age-related 
differences and their potential implications for 
HbA1c interpretation. 
 

Acknowledgments 
The authors thank the Clinical Laboratory 
Sciences Department staff and faculty for their 
continued support.  
This study received no external funding. 
 

Data Availability Statement 
The data that support the findings of this study 
are not publicly available because they contain 
protected health information. Data may be 
made available from the corresponding author 
upon reasonable request and with approval 
from the University of Texas Medical Branch.  

 

Conflict of Interest 
The authors declare that they have no conflicts 
of interest. 

 

References 
1. Sacks DB, Arnold M, Bakris GL, et al. 

Guidelines and recommendations for 
laboratory analysis in the diagnosis and 
management of diabetes mellitus. 
Diabetes Care. 2023;46(10):e151-e199. 
doi:10.2337/dci23-0036 

2. Cohen RM, Smith EP, Arbabi S, Quinn CT, 
Franco RS. Do red blood cell indices 
explain racial differences in the 
relationship between hemoglobin A1c and 
blood glucose? J Pediatr. 2016;176:7-9. 
doi:10.1016/j.jpeds.2016.05.061 

3. Chen Z, Shao L, Jiang M, Ba X, Ma B, Zhou 
T. Interpretation of HbA1c lies at the 

intersection of analytical methodology, 
clinical biochemistry and hematology. Exp 
Ther Med. 2022;24(6):707. 
doi:10.3892/etm.2022.11643 

4. Xu Y, Bergenstal RM, Dunn TC, Ajjan RA. 
Addressing shortfalls of laboratory HbA1c 
using a model that incorporates red cell 
lifespan. eLife. 2021;10:e69456. 
doi:10.7554/eLife.69456 

5. Alamri BN, Bahabri A, Aldereihim AA, et 
al. Hyperglycemia effect on red blood cell 
indices. Eur Rev Med Pharmacol Sci. 
2019;23(5):2139-2150. 
doi:10.26355/eurrev_201903_17259 

136 



International Journal of Biomedical Laboratory Science (IJBLS) 2026 Vol.15 No.2:  127 – 137 

Åpen 

6. Badrick T. Biological variation: 
Understanding why it is so important? 
Pract Lab Med. 2021;23:e00199. 
doi:10.1016/j.plabm.2020.e00199 

7. Wang J, Zhang Y, Wan Y, Fan Z, Xu R. Red 
cell distribution width and risk of incident 
diabetes in adults: A prospective cohort 
study. J Diabetes Res. 
2020;2020:1623247. 
doi:10.1155/2020/1623247 

8. Asmamaw M, Sime T, Kene K, Baye MF, 
Teshome M, Zawdie B. Evaluation of red 
blood cell parameters as a biomarker for 
long-term glycemic control monitoring 
among type 2 diabetic patients in 
Southwest Ethiopia: A cross-sectional 
study. Diabetes Metab Syndr Obes. 
2021;14:4993-5000. 
doi:10.2147/DMSO.S348907 

9. Xiong K, Xu C, Shou X, Dong M. Red cell 
distribution width and glucose metabolism 
disturbances in patients with acute 
coronary syndrome. Diabetes Metab Syndr 
Obes. 2023;16:61-70. 
doi:10.2147/DMSO.S402845 

10. Tihić-Kapidžić S, Čaušević A, Fočo-Solak 
J, et al. Assessment of hematologic 
indices and their correlation to 
hemoglobin A1c among Bosnian children 
with type 1 diabetes mellitus and their 
healthy peers. J Med Biochem. 

2021;40(2):181-192. doi:10.5937/jomb0-
25315 

11. Herance JR, Ciudin A, Lamas-Domingo R, 
et al. The footprint of type 1 diabetes on 
red blood cells: a metabolomic and 
lipidomic study. J Clin Med. 
2023;12(2):556. doi:10.3390/jcm12020556 

12. Salami F, Ntamura R, Larsson HE, 
Lernmark Å, Törn C. Complete blood 
counts with red blood cell determinants 
associate with reduced β-cell function in 
seroconverted Swedish TEDDY children. 
Endocrinol Diabetes Metab. 
2021;4(3):e251. doi:10.1002/edm2.251 

13. Meshesha MD, Merawi AR, Kibret M. Red 
blood cell indices as predictors of 
glycemic control and diabetes-related 
complications. Diabetes Metab Syndr 
Obes. 2024;17:619-632. 
doi:10.2147/DMSO.S447077 

14. Volpe CMO, Villar-Delfino PH, Anjos PMF, 
Nogueira-Machado JA. Cellular death, 
reactive oxygen species (ROS) and 
diabetic complications. Cell Death Dis. 
2018;9(2):119. doi:10.1038/s41419-017-
0135-z 

15. Tsalamandris S, Antonopoulos AS, 
Oikonomou E, et al. The role of 
inflammation in diabetes: Current 
concepts and future perspectives. Eur 
Cardiol. 2019;14(1):50-59. 
doi:10.15420/ecr.2018.33.1 

 

137 


