CLINICAL REVIEW

Screening and Diagnosis of Type 2 Diabetes in

Sickle Cell Disease

Bria Carrithers, MD, Rachel Klein, MD, Fernando Ovalle, MD, and Julie Kanter, MD

Background: Diagnosing type 2 diabetes mellitus (T2DM) in people with sickle cell disease (SCD) is
complicated due to hemoglobin A variance in affected individuals. Accurate screening assessments are
needed to prevent excessive morbidity and mortality. Primary care physicians need recommendations
for screening and diagnosis in this unique population.
Purpose: To synthesize recommendations regarding medical diagnosis criteria for T2DM in SCD.
Data Sources: PubMed, Standards of Medical Care in Diabetes, US Preventative Services Task Force,
National Institute of Diabetes and Digestive and Kidney Diseases, searched on December 28, 2022.
Study Selection: One reviewer searched each database to select applicable studies pertaining to “sickle
cell disease,” “type 2 diabetes,” “HbAlc,” and “fructosamine” from December 28, 2022, to March 15, 2023.
Data Extraction and Quality Assessment: A comprehensive literature review was done to extract

current data/facts and assess certainty of evidence.

Data Synthesis: This review reviews 5 articles that met inclusion criteria to outline outpatient
screening and diagnosis of T2DM in SCD. Based on these findings, we recommend fasting plasma glu-
cose as the standard screening starting at age 35 based on USPSTF guidelines. We do not recommend
using HbA1c, fructosamine, or glycated albumin for screening or diagnosis of T2DM in individuals with
SCD; the latter entities have limited implications in their use.

Limitations: There are limited studies available for diagnosis of T2DM in SCD.

Conclusions: Fasting plasma glucose is the standard screening for T2DM for SCD to ensure early di-
agnosis and prevent worsening macro and microvascular complications from both comorbid conditions.

(J Am Board Fam Med 2024;37:919-922.)
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Introduction

Accurate testing for screening and diagnosis of type
2 diabetes mellitus (T2DM) among persons with
hemoglobinopathies or hemoglobin variance is
needed. For example, sickle cell disease (SCD) is an
autosomal recessive hemoglobinopathy formed
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from a missense mutation on the sixth B-globin
gene. This causes glutamic acid to be substituted for
valine, resulting in an amino acid structure change,
causing hemoglobin polymerization (physical sickling
of red blood cells)." Microand macrovascular compli-
cations from hemoglobin polymerization includes
painful vaso-occlusion, chronic large-vessel vasculop-
athy, and ischemic organ damage'” and leads to
increased morbidity and mortality in this popula-
tion."” Due to improved diagnosis in the United
States through newborn screenings, use of disease
modifying therapies (DMTs), and improvements in
comprehensive care, survivorship into adulthood has
significantly improved.””” With improved survivor-
ship, however, there is now increasing need for effec-
tive and accurate health maintenance screenings for
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routine adult conditions in addition to specific SCD-
screening for individuals with SCD.

Collaboration between SCD specialists and pri-
mary care is very important to ensure individuals
with SCD receive appropriate non-SCD related
screening assessments, specifically, the implementa-
tion of general health maintenance screenings for
individuals for routine preventable disease progres-
sion are usually conducted in the primary care set-
ting. One of the most common screening tests
performed in adult primary care is for T2DM.
T2DM screening is undertaken due to the risk of
secondary complications, including coronary artery
disease (CAD), peripheral vascular disease (PAD),
retinopathy, nephropathy, and neuropathy. Early
diagnosis and management of T2DM can signifi-
cantly prevent these complications.” More than 400
million individuals in the general population have
T2DM and people with SCD are not immune to
this comorbid condition. Recent studies have shown
the prevalence of T2DM diagnoses increased from
15.7% to 16.5% in adults with SCD when matched
with the general African American population in
2019.°

Individuals with SCD are at baseline risk of vas-
cular complications which increase if they develop
T2DM,”'? as both conditions independently pose
substantially increased risk for significant blood
vessel and endothelial injury. Despite this known
concern, there is no major consensus regarding
screening, diagnosis, and appropriate monitoring
of T2DM within the SCD population.

In the general population, physicians and practice
providers use guideline-specified T2DM screening,
which includes plasma fasting plasma glucose (FPG)
>126 mg/dL and/or hemoglobin Alc (HbAlc)>6.5.
The HbAlc uses an average glycosylation (fraction
of hemoglobin with nonenzymatically bound glu-
cose) of bound hemoglobin A located on the surface of
red blood cells to determine estimated glycemic con-
trol over the past 3 months. However, HbAlc meas-
urements cannot be used in individuals with SCD
(and many other hemoglobinopathies) due to the
lack of hemoglobin A or the abnormal formation of
hemoglobin A (in the case of B-thalassemia). In addi-
tion to this issue, hemolysis and red cell turnover
experienced by those with SCD impacts the degree
of red blood cell glycosylation.'"'? Even in people
with sickle cell trait (SCT) who may coinherit both
HbA and HbS (1 gene), HbAlc testing may be inac-
curate as it is not clear how the HbS affects the

interpretation of the results. Similarly, other hemo-
lytic anemia conditions which affect red cell turnover
can decrease the accuracy of HbAlc (eg, Pyruvate ki-
nase deficiency, hereditary elliptocytosis, etc). Thus,
there is a need for further guidance regarding recom-
mendations for screening and diagnosis of T2DM in
individuals with hemoglobin and red cell abnormal-
ities. Here we focus on the most common inherited,
clinically relevant hemoglobin disorder in the United
States, sickle cell disease SCD.

Methods

Data Sources and Searches

BC searched PubMed, Standards of Medical Care
in Diabetes, US Preventative Services Task Force
(USPSTF), National Institute of Diabetes and
Digestive and Kidney Diseases (from December
28,2022 to March 15, 2023). Our search language
included “sickle cell disease,” “type 2 diabetes,”
“HbAlc,” and “fructosamine.”

Study Selection

Peer reviewed literature and research studies was
limited for our data collection. Thus, articles were
selected via inclusion of the search language and ap-
plicable information to our research topic.

Data Extraction and Quality Assessment

BC extracted current data/facts and assessed level
of evidence. Three reviewers (RK, JK, FO) eval-
uated the findings to ensure the data presented is
consistent with both recent and previously pub-
lished literature regarding subject matter.

Data Synthesis and Analysis

Results included synthesizing known guidelines and
parameters with goal to create a systemic algorithm
to aid in routine screening for T2DM in people
with SCD. No additional data analysis was needed
given the nature of this review.

Results

In this review, we identify specific learning points in
establishing a diagnosis of and monitoring T2DM
that are unique to comprehensive SCD care.

Outpatient Management
Current USPSTF guidelines recommend T2DM
screening in asymptomatic adults aged 35 to
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70years old or earlier age if patients have identi-
fiable risk factors for development of T2DM
including family history, obesity, metabolic syn-
drome and hypercholesterolemia.'?

HbAIlc is the most commonly used screening tool
for T2DM in primary care and is the recommended
modality for screening and diagnosis by the
International Expert committee in people without
hemoglobinopathies.'*'*!* As previously introduced,
HbAlc measurement is not valid in individuals with
SCD. Despite prior research in the use of alternative
methods for diagnosis of T2DM in individuals with
sickle cell trait (SCT), there is no guideline or expert
consensus on the screening and diagnosis of diabetes
in individuals with sickle cell disease.

Here, we provide an algorithm based on this
literature review and synthesis along with clinical
experience with input from experts in the field
on how to provide health maintenance and rou-
tine screening for T2DM in people with SCD.
We recommend initial random plasma glucose
monitoring at age > 35 or earlier if risk factors pres-
ent (BMI>25, CVD, hypertension as defined as
140/90 mmHg, HDL <35mg/dL. or triglyceride
level >250 mg/dL) based on the USPTF recommen-
dations for higher risk individuals."* If normal, repeat
screening is recommended every 3 years; if prediabe-
tes is identified, repeat screening is recommended

annually."* "

1. Random plasma glucose (RPG) monitoring:

- If all RPG testing <140 mg/dL, no additional
testing indicated

- If single RPG testing 140-199 mg/dL, recom-
mend FPG testing

- If one RPG testing is > 200 mg/dL, this is con-
cerning for T2DM— recommend repeat RPG
and/or FPG

- If repeat RPG monitoring is >200 mg/dL and
having symptoms of hyperglycemia (i.e. polyuria
and polydipsia), this confirms diagnosis of T2DM

2. Fasting plasma glucose (FPG) monitoring:

- If < 100 mg/dL: Normal screening— return to
routine USPSTF other than use of HbAlc
guidelines

- If100-125 mg/dL, patient has pre-diabetes: recom-
mend initiation of diet/lifestyle recommendations

- If > 126 mg/dL, repeat FPG; if 2" value is > 126
mg/dL, this confirms diagnosis of T2DM

Alternative diagnostic options seen within our
literature review include serum fructosamine and
glycated albumin measurements, and 2-hour oral
glucose tolerance test (GTT) values."”” Use of

fructosamine and glycated albumin as nontradi-
tional biomarkers for T2DM diagnosis and glyce-
mic control has grown in popularity due to non-
RBC protein glycosylation measurement in shorter
time frame than HbAlc (~14 days vs 3 months).">!’
After reviewing the American Diabetes Association’s
Standards of Medical Care in Diabetes 2022, we do not
recommend the use of fructosamine or glycated albu-
min for screening and diagnosis of T2DM despite its
use in DM monitoring in people with SCD."” Many
factors can cause discrepancies in fructosamine and
glycated albumin levels, including hypoalbuminemia
less than 30g/L, hepatic, renal, and thyroid dysfunc-
tion."”™"7 There is also limited evidence on the use of
fructosamine and glycated albumin in measuring the
long-term effects of uncontrolled T2DM complica-
tions.”” "7 Although GTT can be used with FPG
when HbAlc discordance is present, falsely elevated
glucose levels can be present with fasting and
decreased carbohydrate loading before testing (ie,
difficulty with consuming 150g carbohydrate load
3 days before testing or carbohydrate restriction).
Thus, we do not recommend GTT due to testing
difficulty of the test and this should be considered
when selecting this testing modality."* Although con-
tinuous glucose monitoring (CGM) is not currently
recommended for screening for or diagnosis of dia-
betes, we anticipate that this tool may play a future
role in glycemic control, as it is not easily influenced
by red cell disorders, such as hemoglobinopathies,
anemias, etc., like HbAlc assays. As research within
this testing modality is evaluated for efficacy of
screening and/or diagnosis, it is likely to become an
important added option for those in whom HbAlc
testing is not reliable.

Based on the above discussion, we recommend
the use of fasting plasma glucose as the standard
screening for T2DM for SCD starting at age 35 if
there are no identfiable risk factors or earlier if iden-
tifiable risk factors are present. If FPG are less than
100 mg/dL, we recommend repeat screening every 3
years. If FPG levels are between 100 to 125 mg/dL,
we suggest repeat screening testing annually. If FPG
levels are > 126 mg/dL, we recommend repeat FPG
testing to confirm diagnosis of T2DM.

Discussion

SCD is an inherited blood disorder that results in
significant micro- and macrovascular complications
due to the endothelial adhesion and inflammation.
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In high resource countries, with the use of early
screenings and DMTs, more than 95% of children
with SCD are surviving into adulthood. As more
individuals with SCD are now adults, we need to
ensure these adults receive routine, comprehensive
preventative care in addition to SCD-specific
screening. Understanding accurate tools for screen-
ing and diagnosis of T2DM is important to
ensure early diagnosis in those with SCD to pre-
vent worsening complications from both comor-
bid conditions. Based on this literature review
and clinical experience, we recommend the use
of FPG starting at age 35 given its accuracy in
the setting of hemoglobin variance seen in vari-
ous hemoglobinopathies. We do not recommend
using HbAlc for screening, diagnosis, or moni-
toring progression of T2DM in individuals with
SCD. Alternative screening methods, such as
fructosamine and glycated albumin, have limited
implications in their use due to various factors
and do not predict long-term outcomes in
T2DM. Further study is needed in the field of di-
abetes to improve diagnosis and monitoring for
individuals with sickle cell disease. With cur-
rently available measures, we currently use FPG
and recommend this testing modality to PCPs
caring for individuals with SCD until further
data can drive more precise monitoring.

To see this article online, please go to: bttp://jabfm.org/content/
37/5/919.full.

References
1. Rees DC, Williams TN, Gladwin MT. Sickle-cell
disease. Lancet 2010;376:2018-31.
2. Pecker LH, Lanzkron S. Sickle cell disease. Ann
Intern Med 2021;174ITC1-ITC16. [Epub 19
January 2021].

3. Lanzkron S, Strouse JJ, Wilson R, et al
Systematic review: hydroxyurea for the treatment
of adults with sickle cell disease. Ann Intern Med
2008;148:939-55.

4. Niihara Y, Miller ST, Kanter J, Investigators of the
Phase 3 Trial of 1-Glutamine in Sickle Cell Disease,
et al. Investigators of the Phase 3 Trial of I-Glutamine
in Sickle Cell Disease. A phase 3 trial of L-glutamine
in sickle cell disease. N Engl ] Med 2018;379:226-35.

5. Ataga KI, Kutlar A, DeBonnett L, et al. Crizanlizumab
treatment is associated with clinically significant reduc-
tions in hospitalization inpatients with sickle cell dis-
ease: results from the SUSTAIN study. Blood 2019;
134:2289-2289.

10.

11.

12.

13.

14.

15.

16.

17.

Vichinsky E, Hoppe CC, Ataga KI, HOPE Trial
Investigators, et al. HOPETTial Investigators. A
phase 3 randomized trial of voxelotor in sickle cell
disease. N Engl ] Med 2019;381:509-19.

Hulbert ML, Shalini S. Hematopoietic stem cell
transplantation for sickle cell disease: progress and
challenges. Pediatr Blood Cancer 2018;65:¢27263.

Tomic D, Shaw JE, Magliano DJ. The burden and
risks of emerging complications of diabetes melli-
tus. Nat Rev Endocrinol 2022;18:525-39.

Zhou J, Han J, Nutescu EA, et al. Similar burden
of type 2 diabetes among adult patients with
sickle cell disease relative to African Americans
in the U.S. population: a six-year population-
based cohort analysis. Br ] Haematol 2019;185:
116-27.

Skinner S, Nader E, Connes P. Type 2 diabetes in
adults with sickle cell disease: can we dive deeper?
Br ] Haematol 2019;186:783-5.

Little RR, Rohlfing C, Sacks DB. The National
Glycohemoglobin Standardization Program: over

20 years of improving hemoglobin Alc measure-
ment. Clin Chem 2019;65:839-48.

Sickle cell trait and other hemoglobinopathies
and diabetes management. NIDDK. Epub Oct
2020. Available at: https://www.niddk.nih.gov/
health-information/professionals/clinical-tools-
patient-management/diabetes/sickle-cell-trait-
hemoglobinopathies-diabetes?utm_source=copy&
utm_medium=sharing +button&utm_content=%
2Fhealth-information%2Fprofessionals%2Fclinical-
tools-patient-management % 2Fdiabetes %2 Fsickle-cell-
trait-hemoglobinopathies-diabetes.

Davidson KW, Barry M]J, Mangione CM, US
Preventive Services Task Force, et al. Screening
for prediabetes and type 2 diabetes: US Preventive
Services Task Force recommendation statement.
JAMA. 2021;326:736-43.

The International Expert Committee. International
Expert Committee report on the role of the A1C
assay in the diagnosis of diabetes. Diabetes Care

2009;32:1327-34.

American Diabetes Association Professional Practice
Committee. 2. Classification and diagnosis of diabe-
tes: Standards of Medical Care in Diabetes—2022.
Diabetes Care 2022;45:S17-S38.

Parrinello CM, Selvin E. Beyond HbAlc and glucose:
the role of nontraditional glycemic markers in diabe-
tes diagnosis, prognosis, and management. Curr Diab
Rep 2014;14:548.

Welsh K], Kirkman MS, Sacks DB. Role of glycated
proteins in the diagnosis and management of diabetes:

research gaps and future directions. Diabetes Care
2016;39:1299-306.

922 JABFM September-October 2024 Vol. 37 No. 5

http://www.jabfm.org

1ybuAdoo
Aq paroaloid 1senb Aq 920z Areniged 2T uo /610" wygel mmw//:dny wols papeojumoq ‘5Z0z Arenigad 0Z U0 THZY001Z #7202 Widel/zzTe 0T se paysiiand isil :pajy wed preog Wy ¢


http://jabfm.org/content/37/5/919.full
http://jabfm.org/content/37/5/919.full
https://www.niddk.nih.gov/health-information/professionals/clinical-tools-patient-management/diabetes/sickle-cell-trait-hemoglobinopathies-diabetes?utm_source=copy&utm_medium=sharing&hx002B;button&utm_content=%2Fhealth-information%2Fprofessionals%2Fclinical-tools-patient-management%2Fdiabetes%2Fsickle-cell-trait-hemoglobinopathies-diabetes
https://www.niddk.nih.gov/health-information/professionals/clinical-tools-patient-management/diabetes/sickle-cell-trait-hemoglobinopathies-diabetes?utm_source=copy&utm_medium=sharing&hx002B;button&utm_content=%2Fhealth-information%2Fprofessionals%2Fclinical-tools-patient-management%2Fdiabetes%2Fsickle-cell-trait-hemoglobinopathies-diabetes
https://www.niddk.nih.gov/health-information/professionals/clinical-tools-patient-management/diabetes/sickle-cell-trait-hemoglobinopathies-diabetes?utm_source=copy&utm_medium=sharing&hx002B;button&utm_content=%2Fhealth-information%2Fprofessionals%2Fclinical-tools-patient-management%2Fdiabetes%2Fsickle-cell-trait-hemoglobinopathies-diabetes
https://www.niddk.nih.gov/health-information/professionals/clinical-tools-patient-management/diabetes/sickle-cell-trait-hemoglobinopathies-diabetes?utm_source=copy&utm_medium=sharing&hx002B;button&utm_content=%2Fhealth-information%2Fprofessionals%2Fclinical-tools-patient-management%2Fdiabetes%2Fsickle-cell-trait-hemoglobinopathies-diabetes
https://www.niddk.nih.gov/health-information/professionals/clinical-tools-patient-management/diabetes/sickle-cell-trait-hemoglobinopathies-diabetes?utm_source=copy&utm_medium=sharing&hx002B;button&utm_content=%2Fhealth-information%2Fprofessionals%2Fclinical-tools-patient-management%2Fdiabetes%2Fsickle-cell-trait-hemoglobinopathies-diabetes
https://www.niddk.nih.gov/health-information/professionals/clinical-tools-patient-management/diabetes/sickle-cell-trait-hemoglobinopathies-diabetes?utm_source=copy&utm_medium=sharing&hx002B;button&utm_content=%2Fhealth-information%2Fprofessionals%2Fclinical-tools-patient-management%2Fdiabetes%2Fsickle-cell-trait-hemoglobinopathies-diabetes
https://www.niddk.nih.gov/health-information/professionals/clinical-tools-patient-management/diabetes/sickle-cell-trait-hemoglobinopathies-diabetes?utm_source=copy&utm_medium=sharing&hx002B;button&utm_content=%2Fhealth-information%2Fprofessionals%2Fclinical-tools-patient-management%2Fdiabetes%2Fsickle-cell-trait-hemoglobinopathies-diabetes
https://www.niddk.nih.gov/health-information/professionals/clinical-tools-patient-management/diabetes/sickle-cell-trait-hemoglobinopathies-diabetes?utm_source=copy&utm_medium=sharing&hx002B;button&utm_content=%2Fhealth-information%2Fprofessionals%2Fclinical-tools-patient-management%2Fdiabetes%2Fsickle-cell-trait-hemoglobinopathies-diabetes
http://www.jabfm.org/

