
Abstract. Background/Aim: Hydration and hydroxyurea
(HU) can modify sickle cell disease (SCD) severity. Optimal
nutrition and L-glutamine (Gln) may provide further
amelioration. Patients and Methods: Reviews of medical
records and nutrition surveys were used to investigate
severity of pediatric patients with SCD in relation to
nutrition, growth, hematologic parameters, and disease-
modifying agents. Results: Among 25 females and 25 males
(9.1±7 years), beta-globin genotypes were: HbSS/Sβ0, 60%;
HbSC, 32%; HbSβ+, 8%. The mean number of annual pain
crises (APC) was 0.97±1.1. APCs increased ≥2-fold as HbF
dropped to <10% with age. Proper hydration and nutrition
correlated with younger ages and fewer APCs. Height and
weight Z-scores were ≤–1SD in 20% of 35 surveyed patients
(12±7.8 years), who had more APCs (2.5±2.5 vs. 1±1.3,
p=0.03). Prealbumin levels were overall low. Twenty-two of
28 patients on HU reported ≥90% adherence – with higher
mean corpuscular volume (92±9.6 vs. 74±10 f/l, p<0.01).
Seventy percent of Gln prescriptions were filled. Compliance
over 23 months was ≥70% in 12 patients, including 2 on
chronic transfusion. Of 10 evaluable patients, 6 (8.8±2.2
years) had fewer APCs with Gln (mean 0.2 vs. 0.9,
p=0.016), with increasing prealbumin levels (14.1 to 15.8

mg/dl, p=0.1). Conclusion: Younger, and well-nourished,
well-hydrated patients have a milder clinic course. Disease
severity was the worse in undernourished teenagers with
suboptimal compliance. L-Glutamine with prealbumin
monitoring should be considered for further evaluation in
pediatric SCD.

Sickle cell disease (SCD) affects millions of people
worldwide, including more than 100,000 Americans (1).
SCD is caused by occurrence of two mutated β-globin genes
(a sickle allele combined with either a sickle, hemoglobin C,
or β-thalassemia allele), which disrupt the architecture of red
blood cells (RBCs) due to hemoglobin S (2). Sickle-shaped
RBCs cause adhesive vaso-occlusion coupled with
endothelial damage and hemolysis (3), which produce acute
and chronic complications (4), including painful crises (5). 

Clinical control aimed at amelioration of SCD severity is
challenging but achievable in many cases. Adequate hydration
and nutrition, and medications - both established and novel
agents - can contribute to disease management (2, 6-8).

One of the undesirable outcomes in SCD is poor growth
(9), which can be worsened by nutritional deficiencies (10).
The role of optimized nutrition in SCD must be emphasized
as a way to meet the increased energy expenditures and
higher metabolic demands associated with chronic diseases
(11). Moreover, certain nutritional compounds may have
therapeutic effects. For example, the anti-oxidative property
of L-glutamine (Gln) is believed to be the basis for its action
against RBC sickling (2). 

In 2018, after a Phase 3 study, a purified form of Gln
called Endari® was added to the armamentarium of FDA-
approved, disease-modifying agents for SCD (2, 12) - in
addition to hydroxyurea (HU) (13, 14). Both agents are given
orally, HU daily and Gln twice a day, and patient compliance
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can significantly affect outcomes. Due to the increased
metabolic demands of chronic illness and oxidative stress,
optimal nutrition and use of Gln may contribute to disease
control. Thus, we hypothesized that better nutrition and Gln
adherence may contribute to reduction of pain crises in SCD.

Pediatric patients with SCD typically are treated at
comprehensive sub-specialty centers, for which our center
includes pediatric hematologists, nurses, a dietician, and a
clinical social worker. Clinic patients are seen for the full
spectrum of preventive and health maintenance services,
including well child care, prophylactic penicillin until 5
years of age, immunizations, and annual transcranial doppler
examinations. Growth and development are assessed
carefully, and patients are referred to specialists for further
evaluation and management as needed. Evidence-based
guidelines are being implemented for management of SCD
(3), including guidance aimed at cardiopulmonary and
kidney complications (15). Patients in pain crisis are
transferred to the emergency department for acute
management and/or inpatient admission.

HU therapy is considered and/or offered to nearly all
infants (9 months of age and older), children, and
adolescents. Gln is offered to patients 5 years of age and
older. The importance of compliance is emphasized for HU,
Gln, and other medications, along with thorough
reconciliation and refills as needed. 

We retrospectively reviewed hydration and nutritional
status, clinical disease severity, and laboratory parameters of
pediatric patients with SCD at our center. We assessed for
potential associations among nutritional status, clinical
measures, and laboratory results, including hematologic
values [fetal hemoglobin (HbF) percentage, mean corpuscular
volume (MCV), and platelet counts]. Medication compliance
was included in the assessments. Finally, we describe our
early experience with L-glutamine in pediatric patients.

Patients and Methods
An IRB-approved retrospective chart review and data extraction
were conducted, along with voluntary nutritional surveys in
pediatric patients with SCD. All patients with SCD aged 1 year or
older who were actively and continuously treated at our institution
within the 3 years prior to study were included (our clinic typically
treats patients until 21 years old – few patients were 21 years old 3
years prior, who turned up to 23.9 at the time of data analysis).
Patient demographics, physical growth parameters (with percentiles
and Z scores), and clinical and laboratory data were obtained from
electronic medical records (EMR) of regularly scheduled clinic
visits, emergency department visits, and inpatient hospitalizations.
Clinical and laboratory data were limited to those in our current
EMR (from October 2014). Data extraction was through 2020, then
statistical analyses were performed. 

Earlier in study, patients were voluntarily surveyed with
questionnaires to assess hydration, nutrition, and diet histories. Only
35 of 50 patients/families volunteered for this survey. Data collected

included: amounts of water and liquid intake, number of meals per
day and meal recalls. Caloric intake was estimated from meal
recalls. The number of calories consumed per day was divided by
the number of calories required for the patient, according to height,
weight, and age (16). These calorie measurements were used to
group patients based upon their percent of caloric consumption
relative to their caloric need. A 100% cutoff was used to
dichotomize patients into properly nourished versus poorly
nourished groups. Similarly, 8-ounce cup estimates were used to
assess proper hydration (100% of required daily maintenance
fluids). In summary, patients were considered to have appropriate
overall hydration and nutrition, if at least 100% of the recommended
daily fluid and caloric intakes were reported, respectively. (8)
Height and weight Z-scores were used to evaluate growth. 

Emergency department visits and hospitalizations were used to
determine the annual rate of pain crises (APC=number of pain crises
requiring emergency department visits or hospitalizations divided
by duration of follow-up in years). The APC value was used to
dichotomize the clinical severities of the disease courses: <1 for
mild and ³1 for moderate/severe.

Further evaluations were carried out for associations between
disease severity and clinical or laboratory variables representing
nutrition, growth, hematologic parameters [such as fetal hemoglobin
(HbF) and mean MCV], and compliance with treatment (HU and/or
Gln).

Laboratory values. For fetal hemoglobin, the latest available values
were used, typically within the last year of the study. Low fetal
hemoglobin referred to levels less than 10% in this study (17).
Complete blood count (CBC) parameters for each patient were
extracted from within the last year before data analyses and were
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Figure 1. Hydroxyurea and L-glutamine in different age groups. Patients
were grouped based on age (<5 years; 5 or older) and whether they
were on disease-modifying agent(s). Nineteen patients with mild disease
were not on any of the agents: 7 had HbSC or Sβ+, and 12 were under
5 years of age. Most of the patients on treatment with both agents had
a severe phenotype. The remaining patients had a mild to moderate
phenotype and were on only one agent.



used to calculate group averages – including MCV. All available
prealbumin data collected during clinic visits within the last 3 years
were used for analyzing averages per patient groups and trends.
Age-specific prealbumin reference values were used in analyses of
prealbumin data. Utilized laboratory values were random as a result
of the retrospective character of this study and were not separated
to baseline versus acute crises; however many were collected during
routine clinical visits. 

HU and Gln data were extracted from electronic prescriptions.
Amounts of Gln dispensed were confirmed with the pharmacy.
Reported compliance was quantified based on patient or parent
estimations of percent doses missed versus taken, for both HU
and Gln. 

Statistical analysis. For categorical variables, Fisher exact tests were
used to compare outcome variables including patient characteristics
among groups. For continuous variables, a two sample Student t-
test was used. Age was used as a continuous variable for
examination of associations among fetal hemoglobin, disease

severity, and prealbumin. Descriptive statistics, standard deviations
and standard errors of the mean (SEM, in Figure 1) were also
computed for the parameters of interest. A flowchart for patients on
Gln was generated based on the descriptive statistics. Statistical tests
were performed using Excel and p-values <0.05 were considered
statistically significant. Graph Pad Prism (GraphPad Software, San
Diego, CA, USA) was used to generate the majority of the figures.

Results

Patient characteristics. Our cohort included 50 patients with
SCD (25 females and 25 males), with an average age of
9.1±7 years (range=1-23.9 years). The cohort was 88%
African American, 10% Hispanic, and 2% mixed. There
were 60% HbSS or Sβ0 (n=30), 32% HbSC (n=16), and 8%
HbSβ+ (n=4) individuals in the cohort. As shown in Figure
1, 56% of our patients were on HU (n=28), the majority
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Table I. Patient characteristics.

Characteristics                                                                           Numbers                                                  SCD Severity p-Value
                                                                                                Total N=50                                        
                                                                                                                                               APC<1 (n=34)               APC≥1 (n=16)

Average of annual pain crises                                                  0.97±1.1                                  0.36±0.33                       2.27±1.16 <0.05 
Age: Mean±SD                                                                           9.1±7                                     7.26±5.69                      13.02±8.17 0.02
   <5 y/o                                                                                  n=19 (38%)                                15 (30%)                          4 (8%)
   >5 y/o                                                                                  n=31 (62%)                                19 (38%)                        12 (24%)
Sex
   Female                                                                                   25 (50%)                                  19 (38%)                         6 (12%) 0.36
   Male                                                                                       25 (50%)                                  15 (30%)                        10 (20%)
Race:
   African American                                                                       44                                              31                                   13 0.37
   Hispanic & Mixed                                                                   5 & 1                                       2 & 1                                 3
Follow-up Duration, months
   Mean±SD                                                                             50.2±21.7                                49.97±22.1                     50.65±21.4 0.92
   Median                                                                                        60                                             61                                  57.5
Hydroxyurea
   Yes                                                                                         28 (56%)                                  14 (41%)                      14 (87.5%) 0.0024
   No                                                                                          22 (44%)                                  20 (59%)                       2 (12.5%)
Type
   SS, S/beta0                                                                                              30 (60%)                                  17 (34%)                        13 (26%) 0.06
   SC                                                                                          16 (32%)                                  13 (26%)                          3 (6%) (Type S/beta+ 
   S/beta+                                                                                     4 (8%)                                      4 (8%)                                 Combined with SC)
CBC parameters, mean±SD
   Hemoglobin, g/dl                                                                  9.97±1.52                                10.17±1.46                       9.53±1.6 0.19
   MCV, fL                                                                                81.7±12.4                               79.91±12.95                   85.53±10.55 0.11
   Platelets, K/cumm                                                                 304±122                                    287±93                          341±166 0.24
Hemoglobin F%, mean±SD                                                   13.3±11.46                               15.5±11.54                     9.44±10.62 0.1
Pre-albumin, mg/dl                                                                  17.8±4.2                                   17.1±3.8                         18.6±5.1 0.19
(Subtotal n=39)                                                                                                                           (n=25)                            (N=14)

BMI %-ile (mean±SD)                                                            56.5±32.6                                 55.3±33.8                          59±31 0.7
BMI Z-scores ≤–1, n                                                                 8 (16%)                                6/34 (17.6%)                 2/16 (12.5%)
Adequate hydration and nutrition % (Subtotal n=35)         14/35 (40%)                            10/24(41.7%)                 4/11 (36.4%) 1
Compliance:
   Hydroxyurea, >90%                                                         22/28 (78.6%)                           12/14 (86%)                  10/14 (71%) 0.65
   L-Glutamine, >70%                                                           12/18 (67%)                               8/9 (89%)                       4/9 (44%) 0.13

APC: Annual pain crises; MCV: mean corpuscular volume; SD: standard deviation.



being HbSS or Sβ0, while others had HbSC disease. Patient
demographics, clinical severity, laboratory values,
medication use, and nutritional status are summarized in
Table I. Statistical comparisons with the Student’s t-test
between groups with mild versus severe disease showed
significantly younger ages associated with APC <1. As
expected, higher proportions of patients with severe disease
had HbSS or Sβ0 and were more likely to be on HU (by
Fisher exact test, Table I). Two patients were on chronic
transfusions and were excluded from these analyses.

Nutritional status and hydration. The average BMI
percentile was 56.4±32 (mean±SDEV). Based on the Z-
scores, 28% of the heights were at least one standard
deviation below the average, while 24% of the patients had
weights at least one standard deviation below the average,
indicating stunted growth. Only 16% of patients had a BMI
one standard deviation below the average.

The percentage of patients with appropriate caloric intakes
was also estimated. More than 70% of 35 surveyed patients
(n=25) consumed 100% or more of their required fluid intake
(i.e., were appropriately or well hydrated), whereas only 43%
had 100% or more of their required caloric intake (i.e., were
appropriately or well nourished). We then determined
average (±SDEV) APC values for 3 groups: Group 1:
0.87±1.1 for well hydrated/well nourished (n=14, average
age 3.1±2.3 years). Group 2: 1.3±2 for well hydrated/poorly
nourished (n=11, average age 11.6±6.3 years). Group 3:
2.03±1.9 for poorly hydrated/poorly nourished (n=9, average
age 13.4±5.2 years). One 3.7-year-old patient with an APC
of 0.9 had proper nutrition but poor hydration.

There were no correlations between caloric intake and
BMI/Z-scores versus disease severity for the cohort of 50
patients. However, 20% of surveyed patients (average age
12±7.8 years) had Z-scores less than -1 SD for both height and
weight during the survey. Their mean APC value was
significantly higher, compared to APC values for the remaining
surveyed patients (2.5±2.5 vs. 1±1.3, p=0.03 by t-test). 

Associations between age, Hb F, disease severity, and
prealbumin. The average number of annual pain crises
requiring hospital visits or admissions was 0.97±1.14 in the
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Figure 3. Prealbumin versus age. Light brown areas represent reference
ranges for different age groups: 1-5, 6-9, 10-13, and 14-17 years. (A)
Mean (±SD) values of prealbumin in corresponding age groups.
Numbers of prealbumin samples in different age groups, from left to
right: n=53, n=38, n=2, n=36, and n=28 (for >17 years). (B) Paired
prealbumin levels (0-6 mo) before and (in average 23 months) after Gln
in 10 patients. Up-sloping green lines represent patients with increased
prealbumin and decreased APC values (i.e., L-glutamine responders).
Red lines represent prealbumin levels for non-responding patients (i.e.,
their APCs did not decrease after Gln). APC: Annual pain crisis.

Figure 2. Age, fetal hemoglobin, and pain crises. Relationships between
the age groups, mean HbF, and APC rate: at about 10-12 years of age
and older, HbF generally drops to under 10%, which coincides with
significantly increased APC. Numbers of patients from left to right in
different age groups were: n=19 (1-4.9 years); n=12 (5-9.9 years); n=6
(10-14.9 years), n=7 (15-19.9 years), and n=6 (≥20 years). SEM:
Standard error of mean; APC: annual pain crisis; HbF: fetal hemoglobin.



cohort. HbF expectedly dropped with age. As shown in Figure
2, HbF levels <10% in teenage and older patients were
associated with APC values up to ≥2-fold higher, compared to
younger patients (despite similar proportions of HbSS/Sβ0). 

Prealbumin levels trended to be low, especially in older
patients (Figure 3A). However more than half of patients on
Gln showed an increase in Prealbumin levels and also
corresponded to a decrease in APC (Figure 3B). 

Hydroxyurea and L-glutamine adherence. Twenty-eight
patients (56%) were on HU (22/28 with HbSS/Sβ0; age

10.8±7.4 years). Most of the remaining patients with milder
disease, who were not on HU, had HbSC or Sβ+ (Figure 1).
Twenty-two patients reported good hydroxyurea adherence,
typically ≥90%, which was associated with higher MCVs
(92±9.6 vs. 74±10 f/l; p<0.01), a trend toward higher HbF
levels, and younger ages (15 vs. 9% and 9.7±7 vs. 14±7.7
years, respectively; p=NS; Figure 4). Hydroxyurea adherence
data was obtained during routine visits per patient reporting. 

The majority (83%) of our patients 5 years of age or older
were prescribed Gln, and 70% of the prescriptions were
dispensed (Figure 5). Data regarding dispensing rate was
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Figure 4. HU adherence versus MCV, HbF, age, and APC. Corresponding panels A-D show the difference in MCV, HbF, age and APC based on
HU adherence (50-80% adherence vs. 90-100% adherence). Statistically significant difference (based on t-test) between the HU adherence groups
exists only for MCV, which is higher with better hydroxyurea adherence. Box plots with error bars represent means and standard deviations. APC:
Annual pain crisis; HbF: fetal hemoglobin; MCV: mean corpuscular volume; HU: hydroxyurea.



obtained by the specialty pharmacy. Some refused Gln, due
to abdominal pain or taste, and a quarter of the patients
reported Gln intakes of <50%, while on both HU and Gln.
Overall Gln compliance in 23 months was ≥70% in 12
patients. Gln adherence data was also obtained during
routine visits per patient or parental reporting. Patients on
chronic transfusion were excluded from further analyses. Of
the 10 evaluable patients, 6 (8.8±2.2 years) had a
significantly lower APC with Gln (mean APC 0.9, compared
to 0.2; p=0.016 by paired t-test), coupled with a 12% rise in
prealbumin (14.1 to 15.8 mg/dl; p=0.1; Figure 4B) within in
average 23-month use (Figure 3B). The majority of the
patients who were prescribed Gln were already on HU.

Discussion

Complex pathophysiology makes it challenging to control
SCD severity, which can be influenced by hydration and
disease-modifying agents, such as HU (18). Proper
hydration, nutrition, and medication compliance all
contribute to amelioration of SCD morbidity. The small size
of this study and patients’ subgroups do not allow separation

of confounding variables and multivariate evaluation. For
example, factors associated with increasing age (worse
nutrition, less sleep, worse medication adherence, etc.) will
also be associated with increased acute care utilization and
worse disease control. In contrary, well-hydrated patients
may have a milder clinical course because they are also
younger. Analyzing the impact of HU within the groups with
good nutrition vs. poor nutrition would also be more feasible
for larger cohorts. Nevertheless, increasing age and
decreasing HbF over time remain the main factors driving
the severity of SCD in this study. Proper hydration alone
without proper nutrition did not ameliorate SCD severity.
Most of our patients met their hydration requirement.
However, only 43% consumed 100% of their caloric
requirement. Moreover, about a quarter of our patients had
stunted growth, as demonstrated by heights and weights. 

Twenty percent of the surveyed patients in this study had
lower weights and heights than the average values for their
age groups, as shown by Z-scores, despite an adequate
caloric intake. In addition, patients with both poor hydration
and nutrition tended to be older. We believe these results
show the interplay between disease management and proper
nutritional assessment when evaluating patients with SCD.
Inadequate nutritional intake, micronutrient deficiency,
endocrine dysfunction, and hyper-metabolism have been
suggested as possible factors that may contribute to growth
failure in children with SCD (19). Patients with SCD have
an increase in energy expenditure and a decrease in protein
synthesis, due to the chronic disease state, which further
impedes growth (6). Our data supports emphasizing the
importance of nutritional assessment for patients with SCD.
This will help ensure dietary adequacy, which often worsens
with age, especially during adolescence (20).

Our analyses of nutritional and hydration status were
limited to only two-thirds of our pediatric SCD population.
Specifically, we were able to interview 35 out of 50 patients,
mostly due to time and patient availability to complete the
questionnaire. Limitations also include meal recall bias and
use of a sedentary parameter when calculating caloric
requirement, thus underestimating the caloric needs of active
patients. Due to our small patient cohort we included all
genotypes of sickle cell disease in our analysis of nutrition
and hydration, though the metabolic needs and lab values of
patients with different genotypes may slightly differ (21). For
instance, MCV can be lower for HbSC disease and patients
with thalassemia co-inheritance may not achieve an MCV of
>90 despite excellent adherence.

Endari (L-glutamine) received FDA approval in 2017 as a
disease modifier for SCD after a phase 3 trial showed a
reduction in vaso-occlusive crises in patients taking the
medication over a 48-week period (2). It is thought that Gln
raises the proportion of the reduced form of nicotinamide
adenine dinucleotides (NAD) in RBCs, thus reducing
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Figure 5. Flowchart showing L-Glutamine prescriptions, dispensing,
intake, and effect.



oxidative stress (22). In our study we assessed effects of Gln
in relation to disease severity and overall nutrition. Though
the analyses of disease severity, pain crises, hospitalizations,
and lab values in the Gln group were limited to small
numbers of patients and short follow-up durations, there was
a small group within the cohort of patients taking Gln that
had a significant reduction in annual pain crises, with
prealbumin levels trending up. The reduction of pain crises
supports the findings of the initial phase 3 trial of Gln. Gln
has also been shown to decrease resting energy expenditure
in children and adolescents with SCD, perhaps also
contributing to its overall effect on nutritional status (23).
Another limitation was our medication adherence data was
obtained by patient reporting and thus was subject to recall
bias. We did have dispensing data from our local specialty
pharmacy to help support patients’ claims of adherence,
however medication possession ration (MPR) can be
considered in larger prospective studies as suggested
previously (24). Absolute neutrophil count in addition to
MCV can also be used for drug titration.

A recent publication showed a correlation between SCD
severity and albumin levels and suggested the use of albumin
as a biomarker for disease severity (25). Similarly, we saw
a trend of improved prealbumin levels in patients compliant
with Gln, suggesting the possible use of prealbumin as a
biomarker for disease severity. Prealbumin has been used as
a marker for nutritional evaluation in hospitalized patients
(26). Our data for prealbumin as a biomarker for SCD was
not statistically significant possibly due to low numbers;
however, it supports the hypothesis that prealbumin may
have a role in evaluation of SCD modifying therapy. This
potential role is not necessarily diminished by debatable
cause and effect relationship: rapid RBC turnover with more
severe disease results in higher metabolism therefore lower
prealbumin can be reflective of increased metabolic demands
rather than differences in diet and disease management.
Nevertheless dietary management and disease control with
modifying therapies may minimize this metabolic gap and at
the same time improve prealbumin which can be measured.
Albumin investigations can also be considered for pediatric
SCD studies (25).

In conclusion, well-nourished and well-hydrated patients
were younger and had a milder disease course, whereas more
severe disease was observed in poorly nourished older patients,
often with suboptimal compliance. Gln can be a clinically
meaningful addition to HU and should be further studied in
pediatric patients with SCD. Prealbumin may be investigated
along with potential biomarkers for SCD control using Gln.
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