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Abstract 

This study examined how children and adolescents with type 1 diabetes mellitus’ 

(T1DM) glucose levels during and prior to academic performance impact the outcome on a 

variety of reading, writing, and mathematics tasks. The study sample was selected from a larger 

study. Participants wore a continuous glucose monitor for approximately six days and complete a 

neurobehavioral evaluation that consisted of a variety of tasks including tasks that assessed basic 

reading skills, reading fluency, reading comprehension, math fact fluency, math calculation, 

math problem solving, spelling, and writing fluency. Results indicated that individuals who 

experience extreme glucose levels (e.g. hyperglycemia or hypoglycemia) perform worse on 

spelling accuracy tasks. Additionally, when an individual is hyperglycemic his or her reading 

and writing fluency skills decrease. Moreover, poor glucose control prior to academic 

performance increased individual’s risk for exhibiting impaired performance on reading and 

mathematics tasks. Overall, the study results suggest that one’s glucose levels prior to and during 

academic performance potentially impact overall execution of reading, writing, and mathematics 

abilities. Therefore, these findings support the need to move beyond consideration of only 

overall glucose levels and review temporal influence of glucose levels on academic performance 

to track fluctuations on academic performance and determine necessary accommodations to 

buffer glycemic dysregulation effects. In particular, individuals whose glucose levels are 

frequently within the hyperglycemic range are at greatest risk for performing below their optimal 

level.  
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Chapter One 

This chapter provides a detailed definition of Type 1 Diabetes Mellitus (T1DM), 

potential side effects of fluctuating glucose (blood sugars) levels, and methods for assessing 

blood sugars. Cognitive deficits associated with T1DM as well as the impact of the disease on 

overall academics will be outlined to demonstrate the need for awareness of the diseases’ impact 

within the school setting. The chapter will conclude by describing the research questions and 

related hypotheses as well as providing definitions of key terms. The purpose of the study was to 

examine the specific impact of glucose level on real-time performance of academic tasks. 

Type 1 diabetes mellitus (T1DM) is one of the most common chronic illnesses amongst 

children and adolescents, with nearly 18,000 new cases being diagnosed yearly (American 

Diabetes Association [ADA], 2016a). The incidence has risen, to roughly 1 out of every 300 

youth being diagnosed with T1DM (Maahs, West, Lawrence, & Mayer-Davis, 2010). Based on 

this estimate almost every school district has on average 118 students with this condition, with 

values varying based on district enrollment size. In the absence of interventions to address 

deficits of youth with diabetes, 5% to 7% will likely drop out of high school (Fletcher & 

Richards, 2012). Furthermore, of those who do complete high school, only 8% to 13% of 

students with T1DM are less likely to obtain a college degree (Fletcher & Richards, 2012).  

T1DM, also known as juvenile, pediatric, child-onset, or insulin-dependent diabetes, is an 

autoimmune disease caused by the inability of the pancreas to produce the required amount of 

insulin to break down glucose in the bloodstream (ADA, 2016b). For this reason, it is imperative 

that individuals with T1DM periodically inject themselves with exogenous or artificial insulin, 

via syringes, insulin pens, or insulin pumps, to stabilize glucose levels (ADA, 2016b). 

Exogenous insulin is administered roughly two to four times a day, typically before meals 
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(Kucera & Sullivan, 2011). More specifically, long-acting exogenous insulin that is administered 

as a basal insulin one to two times daily for individuals who do daily injections and is secreted in 

increments for individuals on the pump throughout the day (McCall & Farhy, 2013). Additional 

doses of exogenous insulin may then be given in response to anticipated carbohydrate intake 

prior to eating depending on the individual’s glucose readings, and physical activity (ADA, 

2015a). Using exogenous insulin does not fully replicate the typical functioning of the pancreatic 

system, which results in fluctuations in blood glucose levels, due to time, medication, physical 

activity, and diet (Holmes, Cant, Fox, Lampert, & Greer, 1999).  

In a 1993 landmark study, the Diabetes Complications Control Trial (DCCT), released 

findings documenting the clinical importance of glycated hemoglobin (HbA1c) as a metric of 

average glucose control. HbA1c, now the “gold standard,” is an average of glucose levels over a 

two to three-month period. In the United States, it is expressed as a percent, with values of 7.5% 

and above considered poor control in adolescents. Although, HbA1c is the hallmark indicator of 

glucose control for those with T1DM, it is an average value therefore does not reflect the daily 

fluctuations that could pose significant health risks. Glucose levels vary throughout the day 

depending on time and whether the individual has recently eaten or engaged in physical activity 

(ADA, 2015b). Although the ADA still recommends individualization of targets, the average 

daily glucose range for youth with T1DM is 80 mg/dl to 130 mg/dl (ADA, 2015b). When an 

individuals’ levels become lower than this controlled range, they approach a hypoglycemic 

range. Hypoglycemia occurs when blood glucose is less than 70mg/dl with symptoms present or 

less than 60mg/dl regardless of presence of symptoms (ADA, 2015a). Common effects of 

episodes of hypoglycemia include dizziness, headaches, irritability, poor coordination, 

confusion, disorientation, poor motor functioning, visuospatial deficits, attentional and memory 
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problems, difficulties with nonverbal reasoning, decision making, and planning (Brady, 2000; 

Johnson, Perwien, & Silverstein, 2000; Kucera & Sullivan, 2011). In contrast, hyperglycemia is 

when a person’s blood glucose levels are greater than 180mg/dl, which is caused by receiving 

too little insulin in the body (ADA, 2015b). Some individuals with T1DM experience chronic 

hyperglycemia due to their body not processing the exogenous insulin. Some common effects of 

having a hyperglycemic episode are frequent urination, excessive thirst or hunger, vomiting, 

weight loss, sleep problems, irritability, vision difficulties and slow cognitive performance 

(Johnson et al., 2000; Kucera & Sullivan, 2011). These clinical values leave a gap between the 

top of the controlled range (130mg/dl) and levels considered hyperglycemic (above 180mg/dl). 

Falling within these ranges indicate that a person’s glucose levels are out of control and may be 

at risk of entering a hyperglycemic level, although they may not yet have reached the 

hyperglycemic threshold (Ceriello, 2005). Severity of symptoms, such as sugar in urine, 

associated with hyperglycemia increase and become more noticeable as blood glucose levels rise 

(American Diabetes Association, 2014; Cowart & Stachura, 1990).  

To determine current glucose levels, individuals with diabetes use a glucose meter that 

requires a small amount of blood obtained by pin pricking a finger. The meter then generates a 

level of blood glucose in milligrams/deciliter (Kucera & Sullivan, 2011). It is recommended that 

children check their blood sugar level several times a day, especially around meals, exercise, and 

times of hyperglycemia or hypoglycemia (Benjamin, 2002; Kucera & Sullivan, 2011). 

Furthermore, technological advances such as continuous glucose monitors (CGMs) provide 

readings of glucose levels every few minutes through a sensor placed under the skin (Kucera & 

Sullivan, 2011). The tiny electrode sensor under the skin frequently reads glucose levels in the 

tissue fluid and is connected to the CGM sensor taped externally to the skin. This sensor is 
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calibrated to an individual’s blood glucose meter as long as the individual tests at least every 12 

hours but preferably 4 times daily (Medtronic, 2016). When the CGM sensor is downloaded 

along with the meter data on a computer program, the CGM provides individuals with a trend of 

their glucose levels instead of just the “snapshots” received from testing with the meter. More 

advanced CGMs allow for notifications to be sent to individuals about glucose level changes in 

real-time to better assist with control.  

T1DM and School Success 

Youth spend roughly 35 hours a week within a classroom, yet little research is conducted 

on performance in academic settings for those with T1DM. Published literature reviews have 

suggested that the gap may be due to most research on diabetes being generated by health or 

medical experts with limited research coming from educationally-oriented experts. Additionally, 

despite its prevalence, collecting a large enough sample within classrooms is challenging as 

about two or three per every 1,000 students within each school would have the condition. 

Furthermore, instead of examining momentary fluctuations in glucose levels, the use of more 

global indicators such as HbA1c and achievement test scores have been used in context of 

school-based research to examine the relationship between diabetes and academic performance.  

Research has suggested that general intelligence is lower for students with T1DM when 

compared to healthy peers (Northam et al. 1999; Ryan et al. 1985). When comparing children 

with T1DM to healthy peers, two meta-analyses revealed that they exhibited lower IQ scores, 

and deficits in motor speed, memory, visual motor integration, verbal and visual abilities and 

attention (Gaudieri, Chen, Greer, & Holmes, 2008; Naguib, Kulinskaua, Lomax, & Garralda, 

2009). Furthermore, a research review concluded that history of hypoglycemia impairs cognitive 

abilities including visuospatial abilities, attention, memory, motor speed, and executive 
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functioning skills such as decision-making and planning (Bade-White & Obrzut, 2009).  

 Many studies have suggested that having diabetes can contribute to poor academic 

achievement (Naguib, Kulinskaua, Lomax, & Garralda, 2009; Wodrich, Hasan, & Parent, 2011). 

Parent, Wodrich, and Hasan (2009) explained that although children with T1DM are able to 

acquire basic reading and math skills at the same developmental age as their typical peers, they 

display poorer performance on basic reading and math task compared to healthy peers. A meta-

analysis conducted by Naguib et al (2009) showed that people with diabetes performed 

significantly lower on multiple standardized achievement measures including reading and 

writing when compared to youth without diabetes.  Moreover, numerous studies have suggested 

that overall academic achievement is lower for children with T1DM who exhibit poor glucose 

control (Kaufman, Epport, Engilman, & Halvorson, 1999; McCarthy, Lindgren, Mengeling, 

Tsalikian, & Engvall, 2003; Rovet, Ehrlich, Czuchta, & Akler, 1993; Ryan, Vega, & Drash, 

1985). Researchers have found that different domains of academic achievement (e.g. reading, 

writing, mathematics) are affected differently depending on whether the child had early or late 

onset T1DM (Kaufman, Epport, Engilman, & Halvorson, 1999; Rovet, Ehrlich, Czuchta, & 

Akler, 1993; Ryan, Vega, & Drash, 1985). Overall, children with T1DM who have exhibited 

hypoglycemic events have displayed lower achievement scores on broad reading skills and 

reading comprehension, mathematics and written language when compared to healthy peers 

(Kaufman, Epport, Engilman, & Halvorson, 1999; Rovet, Ehrlich, Czuchta, & Akler, 1993; 

Ryan, Vega, & Drash, 1985). Poor performance on overall achievement measures implies that 

students with T1DM have difficulty learning independently within the school environment 

(Kucera & Sullivan, 2011).   
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The devastating impacts of hypoglycemia on the brain may lead to changes in one’s 

cognitive structure, which ultimately may affect academic success (Bade-White & Obrzut, 

2009). Although permanent changes in the brain can occur, neurological long-term effects are 

uncertain. Momentary changes impact the way an individual functions in various settings, 

including school (Deary, 1999; Ryan, 2006). These changes in brain regions associated with 

attention, memory, visuospatial skills and motor speed, due to poor glycemic control, are 

estimated to immediately impact academic performance (Bade-White & Obrzut, 2009; Ryan, 

2012). Research is needed to determine how long the effects of extremely high or low glycemic 

levels impact the individual’s ability to perform on academic tasks. With children and 

adolescents, not yet having fully developed brains, these episodes of poor glycemic control may 

have more serious consequences than in an adult population (Ryan, 2006). Additionally, a more 

precise understanding of how glucose levels impact academic performance will equip school 

personnel with essential knowledge about T1DM students’ academic vulnerabilities and how 

potential fluctuations of glucose may impact academic performance within the classroom. 

Moreover, improved understanding of the relationship between glucose level and academics will 

assist with providing appropriate accommodations and modifications through individualized 

education plans (IEPs) and Section 504 of the Rehabilitation Act when students exhibit poor 

glycemic control related to T1DM.  

To address gaps in previous research, the purpose of this study was to examine how 

momentary blood glucose levels affect academic performance, specifically the outcomes (i.e., 

test scores) on academic tasks. The purpose was to not only examine momentary glucose levels 

during academic performance, but also prior to academic performance since previous research 

suggests that prior extreme levels of glucose potentially impact future outcomes for periods of 
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time post returning to target range. The questions and related hypotheses for the study are as 

follows: 

Research Question 1: How do blood glucose levels at the time of academic task completion 

affect performance on those measures?  

Hypothesis 1a: Children and adolescents with T1DM whose glucose levels are 

considered hypoglycemic or hyperglycemic at the time of performance on reading tasks 

will perform worse on the reading tasks than participants whose glucose levels are in the 

target range. 

Hypothesis 1b: Children and adolescents with T1DM whose glucose levels are 

considered hypoglycemic or hyperglycemic at the time of performance on writing tasks 

will perform worse on the writing tasks than participants whose glucose levels are in the 

target range. 

Hypothesis 1c: Children and adolescents with T1DM whose glucose levels are 

considered hypoglycemic or hyperglycemic at the time of performance on mathematics 

tasks will perform worse on the mathematics tasks than participants whose glucose levels 

are in the target range. 

Research Questions 2: Do extreme states of poor glycemic control (either hyperglycemia or 

hypoglycemia) affect performance on academic measures?  

Hypothesis 2a: Children with T1DM who are hyperglycemic at the time of performance 

on reading, writing, and mathematics measures will score lower in one or more of these 

domains than children with T1DM who are in good control at the time of testing. 
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Hypothesis 2b: Children with T1DM who are hypoglycemic during the time of 

performance on reading, writing, mathematics will score lower in one or more of these 

domains than children with T1DM who are in good control at the time of testing.  

Research Questions 3: How does glucose fluctuation prior to academic performance affect 

performance? 

 This research question was exploratory. It examined the relationship between five metrics 

of hyperglycemia and five metrics of hypoglycemia on task performance. The metrics for both 

hyperglycemia and hypoglycemia are (1) average blood glucose value of closest 

hypoglycemic/hyperglycemic episode, (2) number of hypoglycemic/hyperglycemic episodes 

during the 12 hours prior to testing, (3) percent of time spent hypoglycemic/hyperglycemic 

during the 12 hours prior to testing, (4) recovery time since most recent 

hypoglycemic/hyperglycemic prior to testing, and (5) length of longest 

hypoglycemic/hyperglycemic episode in the 12 hours prior to testing.  

Definitions of Terms  

 Retinopathy: damage or disease of the retina that can lead to impairments or loss of 

vision. 

 Microalbuminuria: A moderate increase in urine albumin level, which happens when the 

kidneys leak small amounts of albumin into the urine.  

 Diabetic Nephropathy: Also known as Diabetic Kidney Disease, which is when the 

kidneys’ filtering system is damaged, due to complications with diabetes.   

 Neuropathy: damage or dysfunction to one or more peripheral nerves. 

 Diabetic Ketoacidosis: Develops when one’s insulin levels are incredibly low. When one 

has low insulin levels, glucose cannot enter the body’s cells to produce energy, which causes 



GLUCOSE CONTROL AND ACADEMIC PERFORMANCE IN T1DM 

 

20 

blood glucose levels to rise and the body to break down fat for energy. This produces ketones or 

toxic acid, ketones in excess start by accumulating in the blood and quickly overflow into the 

urine.  

 Hyperglycemic Hyperosmolar Syndrome: Occurs when an individual’s body produces 

insulin but it does not work properly, which can cause blood glucose levels to become incredibly 

high over 600mg/dl. Although there is glucose in the body, since it is not used properly, the body 

is unable to use glucose or fat to produce energy.  

 Continuous Glucose Monitor: A two-part device, which uses a sensor that is placed 

subcutaneously to read glucose levels through the interstitial fluid under the skin every five 

minutes, with values archived on the recorder. The unit once downloaded provides information 

on an individual’s glucose trends between blood glucose tests. 

 Target Range: Glucose levels for an individual with T1DM between the values of 

80mg/dl and 130 mg/dl. 

 Hyperglycemia: Abnormally high glucose levels with values are above 180mg/dl.  

 Extreme Hyperglycemia: Glucose levels with values above 200mg/dl. 

 Hypoglycemia: Abnormally low glucose levels with values below 70mg/dl  
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Chapter Two 

Literature Review 

This chapter provides a review of relevant literature on Type 1 Diabetes Mellitus 

(T1DM) and its relationship with academics, achievement, and cognitive functioning. The 

chapter will review some studies that have children and adolescents as the participants but most 

examine these areas on adult participants. This lack of research on the younger population of 

children and adolescents demonstrates the need for further research and understanding of these 

areas with this population since one of the most important aspects of their lives is attending 

school. A place where all three of these domains intersect.  

Type 1 Diabetes 

According to the ADA (2016a) approximately 208,000 youth under the age of 20 years 

old are estimated to have been diagnosed with diabetes. This equates to roughly 0.25% of this 

specific population.  When looking specifically at T1DM, in 2008 to 2009, the ADA (2016a) 

estimated that 18,436 youth were diagnosed. The prevalence of T1DM is 1.93 per every 1000 

youth (Dabelea et al., 2014).  

History. During the 1700’s, Matthey Dobson, a physician identified that diabetes was a 

system disorder rather than just a disease of the kidney (Eknoyan & Nagy, 2005). In the early 

20th century, the first blood tests became available for individuals to test glucose levels in their 

blood (Eknoyan & Nagy, 2005). In 1922, the first insulin injection was tested on humans and 

proved effective, leading to mass production of insulin and a way to help individuals with 

diabetes control glucose levels (Bliss, 1982, p.10). 

Types of diabetes.  As previously noted, diabetes is a group of conditions characterized 

by impaired pancreatic functioning with regard to insulin production. There are two main types 



GLUCOSE CONTROL AND ACADEMIC PERFORMANCE IN T1DM 

 

22 

of diabetes, type 1 and type 2. T1DM is an autoimmune disorder whereby the body attacks 

insulin-producing (beta) cells in the pancreas making it impossible for the body to produce 

insulin. This leads to glucose staying within the blood, which causes damage to the organs of the 

body. T1DM has also commonly been referred to as juvenile-onset diabetes or insulin-dependent 

diabetes because it is typically diagnosed during childhood, although there are still instances of 

T1DM manifesting in adulthood. Diagnosis of type 1 typically occurs prior to the age of 40, with 

the peak age of diagnosis within the United States being 14 years old (Norman, 2015). Prior to 

diagnosis, some signs and symptoms of T1DM include, extreme weakness, abdominal pain, 

blurry vision, weight loss, low body temperature, and rapid heart rate (Smith-Marsh, 2014). In 

order for an individual to be diagnosed with T1DM, he or she must present with glucose levels of 

126mg/dl or higher on two separate occasions after fasting, or a level of 200mg/dl or more at any 

time (Patel & Macerollo, 2010). Additionally, individuals are tested for multiple antibodies, with 

just one needing to be positive to designate a diagnosis of T1DM (Patel & Macerollo, 2010).  

Type 2, also known as insulin resistant diabetes, is due to the body not producing enough 

insulin, which causes glucose to remain in the blood, potentially causing organ damage. For 

these individuals, the body initially produces plenty of insulin, but cells do not absorb what is 

produced correctly, causing the body to need more insulin. Although these individuals are able to 

produce insulin in decent quantities, the cells inadequately absorb the produced insulin, overtime 

leading sugar from consumed food to build up in the blood (ADA, 2016c). For this reason, type 2 

tends to be diagnosed later in life and is heavily influenced by environmental factors such as diet 

and exercise levels (ADA, 2016c).  

Diabetes management. The Diabetes Control and Complications Trial (DCCT; 1993) 

was initiated in 1983. By 1989, 1,441 individuals between the ages of 13 and 39 were enrolled. 
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Roughly half of the sample, named the Primary Prevention Cohort, had been diagnosed with 

T1DM within five years of enrollment and did not have evidence of diabetic complications, such 

as retinopathy nor microalbuminuria upon enrollment. The other half of the sample, named the 

Secondary Intervention Cohort, had been diagnosed for over 5 years but less than 15 years prior 

to enrollment, had exhibited mild to moderate diabetic retinopathy, and may or may not have had 

microalbuminuria. All participants were randomly assigned to either the intensive therapy group 

or the control group. Those in the intensive therapy group were required to self-administer 

insulin via either an external insulin pump or multiple daily injections (a minimum of three per 

day). Furthermore, the intensive therapy group was required to self-monitor their blood glucose 

3-4 times a day, closely monitor their diet, and attend monthly visits to the treating clinic. The 

control group was told to inject insulin no more than two times daily, self-monitor their blood 

glucose at most two times daily, periodically review their diet, and visit the treating clinic every 

2-3 months, which was consistent with standard care at the time of the trial. Participants were 

followed for an average of 6.5 years.  

The results of the DCCT study supported that those who were in the intensive therapy 

group achieved a median HbA1c level of 7.2% throughout the study, whereas the control group’s 

mean HbA1c level was 9.1%. Although the intensive therapy group did not reach a HbA1c level 

of 6% or less, which is consistent with those not diagnosed with diabetes, the findings solidified 

that a strict regimen was influential in regulating glucose levels. Further, this study found that 

intensive therapy delayed the onset and slowed the progression of multiple diabetic 

complications, including diabetic retinopathy, diabetic nephropathy, and diabetic neuropathy 

(nearly 50% to 76% reduced risk; The Diabetes Control and Complications Research Group, 

1995). For individuals with T1DM, it is important to achieve and maintain good control over 
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time to reduce the risk of complications, which when uncontrolled could lead to more serious 

outcomes (i.e., heart attacks, strokes, death; National Institute of Health, 2008).  

Blood glucose control. Currently, an HbA1c value less than 7.5% is considered in 

“good” control for the pediatric population (ADA, 2016d). This percentage is reported by the 

ADA to be a good average value, yet this value should be individualized, based on individual 

typical fluctuations and how potentially higher or lower percentages still discern better control 

for different individuals (ADA, 2016d). This value can be deceiving though, since it is an 

average over multiple months. Accordingly, an individual with steady levels may generate the 

same average percentage as an individual with fluctuating levels whose blood sugar goes high 

and low. For this reason, this value may indicate that an individual’s glucose levels are in good 

control over a period of time, when they may truly have episodes of poor control and instability.  

As a global measure of diabetes control over a three-month period, HbA1c differs greatly 

from daily glucose readings, which are individual snapshots of glucose levels during multiple 

periods throughout the day. Individuals with diabetes are expected to test at minimum four times 

daily to monitor glucose levels and adjust when necessary (Kucera & Sullivan, 2011). Although 

HbA1c is an important value clinically, and considered the gold standard in indicating glucose 

control, it does not represent daily changes in glucose, which yield more insight into the effects 

of hypoglycemia and hyperglycemia on physical and mental functioning (ADA, 2015b). 

Therefore, daily readings are more indicative of an individual’s glucose control compared to 

HbA1c. 

Generally, individuals with T1DM are considered in good control when blood glucose  

levels fall in the target range of 80mg/dl to 130mg/dl, however in- target ranges are 

individualized and may vary slightly from this general range (ADA, 2015b). Even though this 
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range is considered good control, results from the DCCT found that when individuals had 

extremely tight control, these individuals often displayed increased instances of hypoglycemia 

(DCCT, 1993). The researchers concluded that although participants experienced an increased 

amount of hypoglycemic events, the benefits of having tight control were greater than the 

potential risks associated with the increase in hypoglycemic events (DCCT, 1993). Data have 

consistently supported that glucose variability is positively correlated to amount hypoglycemic 

events experienced (Cox et al., 1994; Kilpatrick, Rigby, Goode, & Atkin, 2007). Therefore, 

individuals with T1DM with little glucose variability experience fewer hypoglycemic episodes 

compared to those with greater variability (Jeha et al., 2007).  

Side effects of glucose variability. Research on glucose variability has suggested that, 

although daily fluctuations may not cause short-term damage, long-term extreme glucose 

instability potentially leads to worse outcomes and may accelerate development of complications 

for individuals with T1DM (Ceriello & Kilpatrick, 2013). More specifically, researchers have 

found that long-term extreme fluctuations in glucose level is related to peripheral neuropathy, 

risk of cardiovascular disease, and systolic and diabolic blood pressure (Bragd et al., 2008; 

Gordin et al., 2008; Kilpatrick, et al., 2007). For this reason, glucose control with minimal 

variability is an overall goal for individuals with T1DM (Ceriello & Kilpatrick, 2013). 

Despite the benefits of intensive therapy, there are a number of risk factors and health 

consequences associated with hyper- and hypoglycemia. For hypoglycemia some risk factors 

during or post hypoglycemic episode include, anxiety, irritability, dizziness, tachycardia, 

headaches, fatigue, weakness, shaking, and trouble concentrating (ADA, 2015a). Hyperglycemia 

can cause cardiovascular disease, neuropathy, diabetic nephropathy, confusion, or more seriously 

hyperglycemic hyperosmolar syndrome or diabetic ketoacidosis (ADA, 2014).  
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These factors and consequences of T1DM affect all areas of life, including educational 

performance. The impacts on educational performance are important to consider, bearing in mind 

that individuals spend roughly 20% of their life in an educational setting. With T1DM most 

commonly being diagnosed in childhood and adolescence, students with T1DM miss an average 

of 17.9 days of school a year due to doctor’s appointments, nurse visits, and other diabetes 

related matters (Parent, Wodrich, & Hasan, 2009). Additionally, certain neurocognitive 

processes, which are linked to academic performance, have been found to be impacted by 

diabetes. Some of these processes are attention, memory, and visuospatial abilities, each of 

which are linked to tasks such as reading comprehension, writing, and mathematics calculations. 

For this reason, students with T1DM may have difficulty learning or achieving, even when 

present in the classroom due to variability in glycemic control. Therefore, it is critical for 

students to be in good glycemic control to increase the likelihood that the individual is in a 

cognitive state optimal for learning. During these periods of uncontrolled glucose, individuals 

can display a myriad of cognitive dysfunctions impacting academics, consequently undermining 

overall achievement. Additionally, research has supported that it may take anywhere from 40 to 

90 minutes after the end of an episode of hyperglycemia or hypoglycemia for an individual’s 

glucose levels to be back within normal range allowing return to normal cognitive functioning 

(Deary, 1999; Reich et al., 1990; Ryan et al., 1990; Zammitt, Warren, Deary, & Frier, 2008).  

Cognitive Functioning and T1DM  

Depending upon age and severity levels, episodes of hyperglycemia and hypoglycemia 

may alter brain structure and consequently effect neurocognitive functioning (Bade-White & 

Obrzut, 2009; Bjorgaas, Gimse, Vik, & Sand, 1997; Naguib, Kulinskaua, Lomax, & Garralda, 

2009; Perantie, et al., 2011; Ryan et al, 1990). Furthermore, many researchers have reported that 
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onset of disease and poor glucose control increases susceptibility to cognitive impairment (Rovet 

& Alvarez, 1997; Ryan et al, 1990; Warren & Frier, 2005). Specifically, those with early-onset 

T1DM display structural brain differences compared to controls, which suggests that the brain is 

particularly susceptible to insult at young ages when the brain is developing (Blasetti, et al., 

2011; Ferguson, et al., 2005). Hyperglycemia and hypoglycemia, as well as overall glycemic 

variability affect multiple parts of the brain. Hypoglycemic episodes have been linked with 

damage to the hippocampus in children with diabetes, an area associated with learning and 

memory (Böber & Büyükgebiz, 2005; Yamada, Dodd, Soe, Chen, & Bauman, 2004).   

Episodes of hyperglycemia are associated with stunted brain growth (Mauras et al., 

2015). More specifically, Perantie et al. (2007) found that increased exposure to hyperglycemia 

was related to decreased white matter in the parietal cortex of children with T1DM. Further, 

researchers have found that when compared to control children, children with T1DM who have 

had a greater number of hyperglycemic events have smaller amounts of gray matter volume in 

the temporal-occipital and medial-frontal regions of the brain, which are associated with visual-

spatial processing, working memory, and executive functions (Barnea-Goraly, et al., 2014; 

Marzelli, et al., 2014).  

Over an 18-month period, Mauras et al. (2015) followed brain growth measured by MRI 

of children ages four to nine years with T1DM and a control group of healthy children. The 

researchers found that the control children had significantly quicker brain growth during that 

time period relative to those with diabetes, resulting in greater gray and white matter volume. 

Moreover, the development of gray and white matter appeared to be affected for those with 

early-onset T1DM, with the differences observed between them and control groups magnified 

over time (Mauras et al., 2015). Slower growth was significantly related to hyperglycemia and 
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glycemic variability, which was measured by HbA1c and quarterly CGM data (Mauras et al., 

2015). Gray matter growth was negatively related to HbA1c values across time (Mauras et al., 

2015).  

Mauras et al. (2015) also found slower growth of gray matter in the left hemisphere from 

the precuneus to the parietal and posterior regions, and the right hemisphere in the temporal, 

parietal, and frontal lobes, and the medial-frontal cortex. These regions are integral in auditory 

processing, spatial and working memory, and visual-spatial processing (Mauras et al., 2015). 

Slowed white matter growth affected the splenium of the corpus callosum, bilateral superior 

parietal lobe, bilateral anterior forceps, inferior–frontal fasciculus, and right anterior-frontal lobe. 

These areas are critical for visual spatial processing and communication between the right and 

left hemispheres and also affects, executive functions, and auditory and language processing 

(Antenor-Dorsey, et al., 2013; Aye, et al., 2012; Mauras et al., 2015; Miyake, Friedman, 

Emerson, Witzki, Howerter, & Wager, 2000). These differences in brain structuring were shown 

to cause deficits in multiple lobes of the brain leading to impairments in attention, memory, 

visuospatial abilities, motor skills, and executive functioning (Bade-White & Obrzut, 2009; 

Gaudieri, Chen, Greer, & Holmes, 2008).   

Visuospatial abilities. Visuospatial abilities are linked to success in mathematics, 

specifically more abstract problem solving. Solving these problems requires thinking in visual 

patterns and manipulating and transforming information to find an answer. Research has 

suggested that individuals with T1DM have deficits in visuospatial abilities and that these 

deficits may underlie individuals’ performance on nonverbal IQ tasks (Hannonen, Tupola, 

Ahonen, & Riikonen, 2003; Hershey et al., 1999; Naguib et al, 2009; Ryan, Vega, & Darsh, 

1985). One study examined visuospatial and visuoconstructional skills in 125 adolescents with 
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T1DM (Ryan et al., 1985). These domains were assessed using the Standardized Road Map test, 

Boston Embedded Figures Test, the Hooper Visual Organization Test, and the Block Design 

subtest from either the Wechsler Intelligence Scale for Children or the Wechsler Adult 

Intelligence Scale, depending on the adolescent’s age (Ryan et al., 1985). When comparing 

adolescents with early onset T1DM to those with late onset T1DM, Ryan et al. (1985) found 

those with early onset had poorer visuospatial abilities. A second study by Hershey et al. (1999) 

explored pattern recognition skills of children with T1DM and found that children with T1DM 

showed impaired pattern recognition, meaning their ability to efficiently decipher a presented 

pattern was slowed to a rate three times less than that of the control non-diabetic children.  

An additional study demonstrated that those individuals who have had severe 

hypoglycemic events in the past were at greater risk for impairments in visuospatial skills 

(Hannonen et al., 2003). Hannonen et al. (2003) compared three groups, one of children with 

T1DM and a history of severe hypoglycemic episodes, a second of children with T1DM and no 

history of severe hypoglycemia, and a third of non-diabetic, healthy controls. The total sample 

included 31 children with a mean age of 9 years, 4 months. The researchers did not find 

significant differences in mean scores, but when examining data descriptively, they found that 

those children with T1DM and a history of severe hypoglycemic episodes, consistently 

performed worse and showed lower mean standard scores on tests that measured visuospatial 

abilities, when compared to control children (Hannonen et al., 2003).  

Attention. Abilities to attend are essential in all areas of academics. In order to remain on 

task and continue through a task, one needs to pay attention to what he or she is doing. Attention 

is required for a number of things, including reading a passage, computing math problems 

following all steps, and writing passages. Studies have suggested that children with T1DM 
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demonstrate attention deficits specifically on tasks that require attention for detail or maintaining 

focus (Hannonen et al., 2003; Naguib et al. 2009). One research study examined differences in 

attention for children 9 to 18 years old with T1DM compared to non-diabetic children within the 

same age range (Rovet & Alvarez, 1997). The researchers divided attention into five subtypes; 

focus, selection, shift, inhibition, and sustainability (Rovet & Alvarez, 1997). These subtypes 

were evaluated using multiple assessments. Researchers found that children with early onset 

T1DM showed decreased attention overall compared to control children (Rovet & Alvarez, 

1997). Furthermore, of the children with T1DM those who had experienced hypoglycemic-

induced seizures, although not significant, demonstrated the most difficulty with selective, 

inhibitory, and focused attention compared to T1DM students who did not experience 

hypoglycemic seizures (Rovet & Alvarez, 1997). Additional research by Hannonen et al., (2003) 

found that children with T1DM who had a history of hypoglycemia consistently demonstrated 

significantly lower standard scores on measures of visual and auditory attention compared to 

children with T1DM without a history of hypoglycemia and healthy controls.  

Memory. Memory is linked to multiple academic domains, including reading, writing, 

and mathematics. Tasks including, but not limited to, reading comprehension, math calculations, 

and writing essays require individuals to encode, store, and later retrieve data.  Multiple different 

types of memory, including visuospatial memory, verbal memory, short-term memory, long-term 

memory, and working memory, are impacted by a history of hyperglycemic or hypoglycemic 

episodes (Bade-White & Obrzut, 2009; Naguib et al. 2009; Warren & Frier, 2005). Some 

research showed that short and long-term memory abilities decline during hypoglycemic 

episodes when compared to times of normal glycemic control (Deary, Sommerfield, McAulay, 

Frier, 2003; Lin, Northam, Rankins, Werther, & Cameron, 2010; Naguib et al., 2009; Warren & 
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Frier, 2005). Furthermore, Deary et al. (2003), studied 32 young adults, 16 with T1DM and 16 

healthy controls, using a hyperinsulinaemic glucose clamp to control glucose levels during a 

working memory task. They found that during hypoglycemic induced episodes, both the 

individuals with T1DM and the healthy controls, mean level of performance on the working 

memory tasks reduced to a level of chance, compared to the participants’ abilities on 

performance with glucose levels in the target range (Deary et al., 2003).   

 Moreover, research by Hershey et al. (1997) examined patients between 14 and 42 years 

old with T1DM on tasks of verbal and visuospatial, declarative and nondeclarative memory. 

They found that both declarative memory and non-declarative verbal memory were poorer in 

patients who had a history of severe hypoglycemic episodes that lead to seizures, compared to 

the other T1DM patients who did not experience severe hypoglycemia (Hershey et al., 1997). 

Furthermore, these authors noted that the only declarative memory task for which differences 

were seen, was on a demanding visuospatial memory task.  

With specific examination of hypoglycemia and its relationship with memory, Wirsen et 

al. (1992) found significant impacts on memory functions. Wirsen’s (1992) study examined the 

impacts of mild hypoglycemic states on memory by using a hyperinsulinemic glucose clamp to 

artificially induce hypoglycemia in healthy adults with no history of diabetes in their families. 

The researchers closely monitored the participants’ blood glucose levels to ensure they remained 

in a mildly hypoglycemic state (Wirsen et al., 1992). During the hypoglycemic state, the 

participants were assessed on delayed and immediate verbal and visual memory as well as 

working memory by completing a neuropsychological assessment (Wirsen et al., 1992). The 

results from this study demonstrated that acute hypoglycemia significantly depreciated various 

types of memory (Wirsen et al., 1992). Working memory was the most susceptible to 
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impairments during hypoglycemic episodes (Wirsen et al., 1992). Thus, when an individual is 

experiencing a hypoglycemic episode he or she may struggle to hold units of information, 

manipulate them, and the use them immediately. Additionally, the ability to transfer the 

information from working memory to long term memory for later retrieval will likely be 

impacted as well. This impacts the learning process. Nonetheless, hypoglycemia was artificially 

induced and the study was conducted in adults. For this reason, it is important to consider that 

these results may not translate to children who experience hypoglycemic episodes due to 

variations in level of brain maturation as well as children’s overall abilities at a younger age.  

Thus, it is important to examine the effects of naturally occurring hypoglycemia in children.  

Motor skills. Motor speed and control are linked to the academic domain of writing. Any 

component of a task that requires an individual to use fine motor skills to write, such as essays 

and written answers, require motor control. Motor speed is needed when forming shapes and 

letters, and when writing fluently. A study examined motor skills in children with diabetes 

between the ages of 6 and 14 years old using a pegboard task (Reich et al., 1990). Participants’ 

glucose levels were followed as they completed the task during a period of good glucose control 

and then immediately after the completion of a hypoglycemic episode. This study found that 

children with T1DM exhibited slower motor speed following an episode of hypoglycemia 

compared to when they had normal glucose levels (Reich et al., 1990). Furthermore, those who 

had a history of hypoglycemic episodes, demonstrated poor fine motor control as measured by 

tasks of tapping, mazes, and name writing performance, that required individuals to use their 

dominant hand (Reich et al., 1990).  

Executive functioning. Executive functioning (EF) abilities are linked to all academic 

domains. Although reading, writing, and mathematics differ from one another, the EF processes 



GLUCOSE CONTROL AND ACADEMIC PERFORMANCE IN T1DM 

 

33 

of planning, self-monitoring, and impulse control, to name a few, are all important in 

performance of academic tasks. EF skills such as, decision making, planning, sustained attention, 

and mental flexibility are another area significantly impacted by T1DM, specifically, when an 

individual has a history of hypoglycemia (Hannonen et al., 2003). Holmes et al. (1999) indicated 

that children with T1DM on average scored five to six points lower on measures of full-scale IQ 

compared to control children. Since IQ is directly related to academic performance, lower IQ 

scores likely indicate slightly poorer academic ability for these students.  

A study compared 28 children with early onset T1DM who have a history of severe 

hypoglycemia to a matched sample of controls on the Trail Making Test B (Bjorgaas et al., 

1997). The researchers found that those with T1DM had trouble shifting between numbers and 

letters on the Trail Making Test B compared to the control group (Bjorgaas et al., 1997). 

Furthermore, Brady (2000) found that pre-school children with T1DM and a history of severe 

hypoglycemia demonstrated deficits in nonverbal reasoning abilities on the Differential Abilities 

Scale. Additionally, researchers found a 70% decrease in planning and mental flexibility in 

participants with T1DM when these participants were completing a task during an episode of 

hypoglycemia, compared to performance during a period of controlled glucose (Ryan et al., 

1990). Rovet and Alvarez (1997) compared 103 children and adolescents with T1DM to 100 

healthy controls and assessed glucose levels, using a blood glucose meter, prior to clinical tests 

of attention, and a computer-based vigilance task and post testing. The study demonstrated that 

high blood glucose during testing was related to poor inhibition and impulsive responding in 

children with T1DM (Rovet & Alvarez, 1997). 

Two longitudinal studies provided additional support regarding the negative impact of 

T1DM on executive functioning (Northam et al., 1998; 2001). The first study followed newly 
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diagnosed T1DM children over two years and found that after only two years of disease duration, 

these children demonstrated diminished processing speed, and exhibited the greatest decline in 

spatial conceptual ability and verbal learning (Northam et al., 1998). These children had lower 

general intelligence scores when compared to same aged healthy counterparts, but this disparity 

in IQ between groups was due to those with diabetes not making developmental gains when 

typical peers did (Northam et al., 1998). The second study, elaborated on the first by following 

the same children for an additional four years. The researchers concluded that six years after 

diagnosis those children diagnosed with T1DM displayed weakened performance on processing 

speed, and executive functioning tasks compared to the healthy counterparts (Northam et al., 

2001).  

Achievement and T1DM  

Academic achievement is a universal predictor of one’s overall success in life (Ryan, 

2012). Although academic achievement is not the only factor related to life success, most assume 

that children who earn higher grades in school, can solve problems with ease, learn efficiently, 

and can easily recall what they have learned when necessary, have greater success in their 

careers as adults (Ryan, 2012). This path towards success can quickly be interrupted for children 

with T1DM as developing this disease early in life increases one’s risk of displaying cognitive 

deficits, causing lower IQ, reduced mental efficiency, and poorer academic skills (Ryan, 2012; 

Sansbury, Brown, & Meacham, 1997). Having poor academic skills will likely create long-term 

effects on academic achievement for children with T1DM (Hannonen et al., 2012), resulting in 

an overall tendency of lower achievement for these students compared to healthy peers (Holmes 

et al., 1999; Rovet, Ehrlich, Czuchta, & Akler, 1993; Sansbury et al., 1997).  

Multiple researchers have found that poor glycemic control is related to specific domains 
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of achievement (e.g., reading and math). Dahlquist and Källén (2007) collected data on 5,159 

children with T1DM over a 23-year period. These children were compared to more than 1 

million healthy children on school grades and absenteeism. The researchers determined academic 

achievement by averaging school grades across subjects and adjusting for specific variables, 

including socioeconomic status (SES), year of the child’s birth, and maternal age at birth, 

providing an output score of estimated academic achievement. A significant difference existed 

between the mean scores on academic achievement measures of children with T1DM and mean 

scores of healthy comparison children, with those with T1DM doing worse in overall school 

achievement than their healthy counterparts. Furthermore, McCarthy, Lindgren, Mengeling, 

Tsalikian, and Engvall (2003) examined overall achievement of students with T1DM by 

administering two standardized assessments of academic achievement, the Iowa Tests of Basic 

Skills and the Iowa Tests of Educational Development, and found that children with poorer 

glycemic control, as measured by current HbA1c level, demonstrated an overall poorer academic 

performance on these measures of reading, writing, and mathematics. 

Academics and T1DM  

Success in academics relies on one’s cognitive abilities, therefore many neuroanatomical 

differences and neuropsychological deficits exhibited in individuals with T1DM likely impact 

these individuals’ school success (Kucera & Sullivan, 2011). Many studies have addressed 

potential academic difficulties for youth with diabetes in the classroom (Kucera & Sullivan, 

2011; Naguib, Kulinskaya, Lomax, & Garralda, 2009; Perfect & Jaramillo, 2012; Wodrich, 

Hasan, & Parent, 2011). More specifically, youth with T1DM demonstrate difficulties in the 

domains of reading, writing, and mathematics (Hannonen et al., 2012; Parent, Wodrich, & 

Hasan, 2009; Rovet, Ehrlich, Czuchta, & Akler, 1993).  
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Reading. Parent et al. (2009) examined the role of T1DM on school problems. They 

compared 95 children with T1DM to their healthy siblings on various measures, including 

teacher questionnaires related to academic abilities, work completion, attention, medical records, 

attendance records, and school records. Considering results on measures related to academics, 

Parent et al. (2009) found no difference between groups on the acquisition of basic reading skills. 

They acquired reading skills at equivalent ages; however, according to teacher reports, children 

with T1DM performed worse on reading tasks compared to healthy siblings (Parent et al., 2009).  

  Rovet et al. (1993) retrospectively studied academic testing scores obtained through 

previously conducted studies to examine differences in students’, with and without T1DM and 

the likelihood of being labeled with an educational classification of learning disability (LD). The 

researchers used the results of the previously administered achievement test to classify 

participants as LD in reading, with the cutoff being a standard score of 90 or below. Researchers 

did not find a significant difference between the number of children with T1DM who were at risk 

for a learning disability compared to healthy siblings. Although no difference was seen between 

groups, children with T1DM who had a history of asymptomatic hypoglycemic episodes were 

more likely to have a reading disability than disabilities in other academic areas compared to 

controls and students with T1DM without hypoglycemic episodes. This means that those 

individuals who had blood glucose levels reflective of hypoglycemia, even without displaying 

physical symptoms, had an increased probability of developing a learning disability in reading.   

A more recent study by Hannonen and colleagues (2012) used standardized testing and 

compared the incidence of learning problems in children with T1DM who had a history of 

hypoglycemia (n=26), children with T1DM without a history of severe hypoglycemia (n=37), 

and healthy children on academic skills (n=92). These children were assessed in the spring 
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semester of third grade, so all participants were within the same age range and would be 

expected to be developmentally at the same level. After written consent and verbal assent were 

obtained, parents completed questionnaires, while the child completed an assessment that 

ascertained cognitive and academic domains. Reading abilities were measured using five 

different curriculum based measurement tasks; oral text reading, oral pseudo-word text reading, 

single non-word reading, reading rapidly presented words, and oral word list reading. Hannonen 

and colleagues (2012) found that both early-onset T1DM students and late-onset T1DM students, 

when controlling for history of severe hypoglycemia, performed worse on reading tasks 

compared to healthy peers. Additionally, they found that those with a history of severe 

hypoglycemia performed worse than the other groups.  

Looking more closely at current glucose control, Kaufman, Epport, Engilman, and 

Halvorson (1999) suggested that children’s mean HbA1c levels was negatively related to scores 

on reading, based on standard scores generated from the Woodcock Johnson Tests of 

Achievement. The researchers explored the neurocognitive functioning in children with T1DM 

under the age of 10 and academic achievement. The researchers split the participants into two 

groups. The first was children who had a minimum of 10 hypoglycemic events per month, which 

was defined as blood glucose levels less than 70mg/dl, then second was those who had less than 

10 hypoglycemic events in a month. They found that students with T1DM have poorer reading 

achievement than healthy peers (Kaufman, Epport, Engilman, & Halvorson, 1999; Ryan, 

Longstreet, & Morrow, 1985). Additionally, Kaufman et al. (1999) found that those in the 

greater hypoglycemic group scored significantly lower on both the broad reading and passage 

comprehension domains of the Woodcock Johnson Test of Achievement. These results are 

consistent with cognitive deficits in verbal skills (Holmes et al, 1995). Poor verbal skills for 
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students with early onset of T1DM places these students at greater risk for deficits in basic 

reading skills since at a younger age children begin to learn to read (Rovet et al., 1993).  For 

those with late onset T1DM, deficits in verbal skills affects their comprehension, leading to 

difficulties with understanding what is read (Holmes et al., 1995).   

Writing.  In the Parent et al. (2009) study, teachers reported written expression to be the 

weakest academic area for children with T1DM as a whole, with those with T1DM performing 

significantly lower than healthy siblings writing compared to other academic areas. The 

researchers posited that this weakness may have been due to the neuropsychological deficits, 

specifically poor attention, working memory, and visuospatial skills, of children with T1DM 

(Parent, Wodrich, & Hasan, 2009).   

Furthermore, the research by Hannonen et al. (2012) compared academic skills, such as 

spelling accuracy, between three groups; children with T1DM who had a history of 

hypoglycemia, children with T1DM without a history of severe hypoglycemia, and healthy 

children. Spelling accuracy was measured by having participants spell words and non-words. 

Hannonen and colleagues (2012) found that early-onset T1DM increased the risk for learning 

problems, specifically abilities related to writing, even when controlling for severe 

hypoglycemia. Specific findings related to spelling accuracy were that those with early onset 

T1DM performed worse on spelling than those who had later onset. Lastly, the research 

conducted by Kaufman et al. (1999), using the Woodcock Johnson Tests of Achievement, also 

found that children’s mean HbA1c levels are negatively correlated with scores on written 

language. These findings suggest that the higher one’s HbA1c value the worse their written 

language abilities are expected to be. Therefore, it can be surmised that children with T1DM who 

exhibit unstable glucose levels and have higher HbA1c levels compared to children with 
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controlled glucose levels or healthy peers, could have more difficulty with spelling, writing 

fluency, and sentence formation.  

Mathematics. The study completed by Parent et al (2009) found that children with 

T1DM acquired mathematics skills at the same age as healthy siblings, yet were reported to have 

performed worse on mathematics tasks according to teacher reports. Rovet et al. (1993), in 

addition to examining reading, also estimated the frequency of learning disabilities in 

mathematics amongst children and adolescents with T1DM. They used a standard score of 90 or 

below on the Wide Range Achievement Test (WRAT) to categorize an individual as at risk for a 

mathematics learning disability. When comparing the number of healthy siblings with a potential 

for a learning disability in mathematics to children and adolescents with T1DM who have the 

same potential, a higher frequency of individuals with T1DM are more likely to be referred for a 

mathematics disability compared to healthy siblings (Rovet et al., 1993). Furthermore, of those 

with T1DM who were estimated to be at greater risk for displaying a mathematics disability 

based off of their standard score on the WRAT, had experienced a greater number of 

hypoglycemic episodes compared to those with T1DM who were not at risk. This study suggests 

that those with T1DM will have more difficulty performing mathematics tasks compared to 

healthy peers. Consistent with the research done by Rovet et al. (1993), the study by Hannonen 

et al. (2012), which used curriculum based measurements of verbal counting and calculation to 

assess fluency and accuracy, found that both early-onset T1DM and late-onset T1DM 

demonstrated worse performance on mathematics tasks compared to the control group but 

performed equally in relation to one another.  
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Summary and Conclusions  

Research has shown that multiple brain regions are impacted by hyperglycemic and 

hypoglycemic events in individuals with T1DM (Bade-White & Obrzut, 2009; Mauras et al., 

2015). These brain regions are associated with cognitive abilities such as attention, memory, 

visuospatial abilities, planning, self-monitoring, and many more (Bade-White & Obrzut, 2009). 

Additional research links these cognitive skills to academic achievement in the areas of reading, 

writing, and mathematics, demonstrating that these deficits are linked to difficulties in learning. 

To outline this, Naguib et al. (2009) reported that the negative affects seen on reading and 

writing, for individuals with T1DM may directly link to the diabetes related cognitive deficits in 

visuospatial skills, attention, and motor speed. Researchers presume that these cognitive deficits 

may place youth with diabetes at a disadvantage compared to healthy peers (Naguib et al., 2009; 

Taras & Potts-Datema 2005). 

Although the relevant literature varies in sample populations from young children to 

adults, knowledge regarding the potential ramifications of poor glucose control on children and 

adolescents is invaluable. Children and adolescents are continuing to develop and mature into 

adulthood therefore, recognizing the effects of these domains on youth in regard to tasks in the 

classroom, can aid in determining ways to help youth with T1DM achieve greater success in 

school.  

Although glucose may be measured in multiple forms (e.g., HbA1c, glucometer readings, 

continuous glucose monitors), to determine an accurate relationship between glucose level and 

performance outcome glucose needs to be measured momentarily. The most effective way to 

obtain the momentary data is to have individuals wear a continuous glucose monitor, which 

reads glucose levels every five minutes allowing for the most accurate value of glucose during 
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task performance. By examining glucose fluctuations across a day, using technology such as the 

continuous glucose monitor, a more precise understanding of the impact of blood glucose control 

on academic performance can be determined. Research has shown that T1DM, and more 

specifically episodes of hypoglycemia and hyperglycemia, have lasting neuroanatomical and 

neurocognitive effects (Bade-White & Obrzut, 2009; Mauras et al., 2015). These deficits impact 

school-aged and adolescent children when learning within the classroom, having an overall 

impact on academic achievement. By looking at the relationship between glucose levels on 

academic performance we can understand what is happening in the moment for the student rather 

than looking at a correlation that provides no value for determining a direct one-way 

relationship. A greater understanding of momentary glucose levels impact on academic 

performance may provide information regarding the needs for students with T1DM in the 

classroom setting and therefore aid in determining potential accommodations and modifications 

within the educational setting. 
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Chapter Three  

Methods 

This chapter provides a description of the methodology used in the current study. It 

describes participants, procedures, measures, and anticipated data analysis.  

Participants  

 The participants were part of a larger study that examined the potential benefit of a sleep 

intervention on glucose control for children and adolescents with T1DM as well as multiple other 

school outcomes. The parent study final enrollment number was 111. The current study included 

83 participants from the parent study due to some of the participants from the parent study not 

meeting inclusionary criteria (Appendix D). Participants were between the ages of 9 and 17 years 

old. Each participant was required to have T1DM, which was confirmed through medical record 

reviews. Participants were required to be enrolled in a school that provided grades, and to have 

parents who were willing to participate. Potential participants were excluded from the study if 

they were unable to speak or understand English, had any psychiatric diagnosis or medically 

reported developmental disability that would significantly interfere with their ability to respond 

to questions, or had any hospitalizations within a month prior to enrollment. Additionally, those 

who did not wear a CGM because of discomfort or had limited to no CGM data 12 hours prior to 

and through the evaluation were excluded from the sample of this study. 

Of those included in the current study, 55.4% male (44.6% female), 50% Caucasian, and 

44.4% reported their ethnicity to be Hispanic, Latino, or Mexican. Participant ages ranged from 9 

years, 8 months to 17 years, 1 month (M = 13.69, SD = 2.10), with the majority of participants 

being in the 9th grade. Specific participant characteristics, including special education, length of 
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diabetes diagnosis, and HbA1c level, were considered to potentially impact diabetes 

management and academic performance (Tables 1 - 2).  

Table 1     
     

Demographic, Education, and Family Information     

   
 Current Study Parent Study 

 Percentage 
 Frequency 

(n) 

 
 

Mean 

 
Standard 
Deviation 

Percentage 
 Frequency 

(n) 

 
 

Mean 

 
Standard 
Deviation 

Sex         
     Female 44.6 (37)   46.8 (52)   
     Male 55.4 (46)   53.2 (59)   
Age (in years)   13.69 2.10   13.56 2.11 
Race         
     Caucasian 50.6 (42)   50.0 (55)   
     Hispanic, Latino, 
Spanish 

 
18.1 

 

(15) 

   
20.9 

 

(23) 

  

     Mexican 8.4 (7)   6.4 (7)   
     Multiple Races 22.9 (19)   22.7 (25)   

Ethnicity          
     Hispanic 43.9 (36)   44.4 (48)   
     Non-Hispanic 56.1 (46)   55.6 (60)   
Grade         
     3rd  1.3 (1)   0.9 (1)   
     4th  5.0 (4)   3.7 (4)   
     5th  12.5 (10)   15.9 (17)   
     6th  11.3 (9)   11.2 (12)   
     7th  12.5 (10)   15.0 (16)   
     8th  15.0 (12)   15.0 (16)   
     9th  18.8 (15)   15.9 (17)   
     10th  16.3 (13)   14.0 (15)   

     11th  7.5 (6)   8.4 (9)   
Parent Report Learning 
Disability 

 
9.9 

 

(8) 

   
11.9 

 

(13) 

  

Qualify for 
Free/Reduced Lunch 

        

     Free Lunch 31.3 (26)   29.7 (33)   
     Reduced Lunch 10.8 (9)   9.0 (10)   
     Do Not Qualify 51.8 (43)   55.0 (61)   
     Did Not Respond 6.0 (5)   6.3 (7)   

Estimated Median 
Income (dollars) 

   
52,220.39 

 
18,605.86 

   
52,148.97 

 
19,044.65 
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Table 1 (continued) 

         
 Current Study Parent Study 

 Percentage 
 Frequency 

(n) 

 
 

Mean 

 
Standard 
Deviation 

Percentage 
 Frequency 

(n) 

 
 

Mean 

 
Standard 
Deviation 

Parent Reported 
Annual Income 

        

     $10,000 - $20,000 17.7 (14)   17.8 (19)   

     $20,000 - $35,000 12.7 (10)   14.0 (15)   
     $35,000 - $50,000 21.5 (17)   18.7 (20)   

     $50,000 - $75,000 8.9 (7)   8.4 (9)   

     $75,000 - $99,000 21.5 (17)   20.6 (22)   

     $100,000 or more 17.7 (14)   20.6 (22)   

Highest level 
Education: Mother 

        

     Less than 7th grade 6.2 (5)   7.3 (8)   
     Completion of 8th 
grade 

 
3.7 

 

(3) 

   
2.8 

 

(3) 

  

     9th – 11th grade 9.9 (8)   9.2 (10)   

     High school 
graduate 

 
14.8 

 

(12) 

   
14.7 

 

(16) 

  

     Partial 
college/specialized 
training 

 
 

32.1 

 

 

(26) 

   
 

31.2 

 

 

(34) 

  

     Bachelor’s degree 19.8 (16)   20.2 (22)   

     Graduate degree 13.6 (11)   14.7 (16)   
Highest level 
Education: Father 

        

     Less than 7th grade 2.6 (2)   1.9 (2)   

     9th – 11th grade 10.3 (8)   9.5 (10)   

     High school 
graduate 

 
16.7 

 

(13) 

   
18.1 

 

(19) 

  

     Partial college/ 
specialized training 

 
34.6 

 

(27) 

   
31.4 

 

(33) 

  

     Bachelor’s degree 21.8 (17)   21.9 (23)   
     Graduate degree 14.1 (11)   17.1 (18)   
Note: There are some minor differences in percentage frequency between those in the parent study and substudy, however none of the 
differences are no significant differences between those within the substudy compared to those in the parent study.  

 

 

 

 

 

 



GLUCOSE CONTROL AND ACADEMIC PERFORMANCE IN T1DM 

 

45 

 

 

Table 2     
     
Diabetes and Health Variables     

     

 Current Study Parent Study 

  
Mean 

Standard 
Deviation 

 
Mean 

Standard 
Deviation 

Age at diagnosis (years) 8.63 3.65 8.51 3.65 
Duration of diabetes (years) 4.97 3.75 4.97 3.72 

HbA1c closest to enrollment 9.05 2.04 9.08 2.12 
Body Mass Index (BMI; percentile) 70.20 25.67 68.91 25.81 
Note: n’s vary based on valid responses 
a multiple modes exist the smallest value is shown  

 

Measures 

 All of the data were collected as part of a larger clinical trial. The measures discussed are 

those relevant to this particular study. In addition to the measures below, participants were asked 

what grade they were currently enrolled in.  

Continuous glucose monitor. Participants wore a continuous glucose monitor (CGM), to 

record on a frequent basis blood glucose levels throughout the study. The CGM has two parts, 

the first is the soft sensor, which is inserted under the skin and measures glucose in the interstitial 

fluid every five minutes. The second is the recording device, which externally connects to the 

sensor and stores the glucose readings from the sensor. In order to calibrate and read the device’s 

data, the participant was required to test his or her glucose a minimum of four times daily. The 

device was downloaded two times, once at the end of each week of participation.  

The specific CGM device used, Medtronic iPro-2, is blinded so that participants did not 

have access to CGM data while wearing it. By using a blinded CGM, this prevented the 

participants from changing their current glucose management routine based on results. The iPro-

2 software provides daily averages as well as individual time stamped recordings. These 
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individually time stamped readings were used as a measure of glucose control and to categorize 

participants into one of three groups (mostly hyperglycemic, mostly hypoglycemic, and mostly 

within target range) during task performance. The values used from the CGM data output were 

the Date and Time values, which provided information on the exact date and time of when blood 

glucose was read by the CGM. The other value obtained was the Sensor Glucose (mg/dl) value, 

which provided a number between 40 and 400 designating the mg/dl of glucose within the body 

at the time of the reading. The iPro-2’s performance was assessed in a clinical trial, to examine 

consistency of results and validity of glucose readings. Results found that glucose monitor 

readings were consistently in agreeance with blood glucometer readings over multiple 

consecutive days (Medtronic, 2015).  

Woodcock Johnson Tests of Achievement – Third Edition.  Participants completed 

seven or eight subtests on the Woodcock Johnson Tests of Achievement –Third Edition (WJ-III 

ACH) in the academic areas of reading, writing, and math. Certain subtests are grouped to 

generate cluster scores for overall academics as well as reading, writing, and mathematics 

separately. Each subtest and cluster yields a standard score with average scores falling between 

85 and 115 (SD=15). The reliabilities for most of the WJ-III ACH subtests are .80 or higher with 

several being above .90.  

Reading. The three subtests used on the WJ-III ACH to assess reading skills were Letter-

Word Identification, Reading Fluency, and Passage Comprehension. The Letter-Word 

Identification subtest assesses participants’ word identification skills by having them read words 

of increasing difficulty without context to help determine the word. The Reading Fluency subtest 

assesses participants’ fluency in reading simple sentences by having them read short sentences 

and decide if they are true or false statements by circling ‘Y’ for true and ‘N’ for false. They 
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were given 3 minutes to complete as many sentences as possible. The Passage Comprehension 

subtest assesses participants’ understanding of written language by having them read short 

sentences and passages of increasing complexity and fill in a missing word. The cluster scores 

for reading on the WJ-III are the Broad Reading Cluster, which is a combination of scores on the 

Letter-Word Identification, Reading Fluency, and Passage Comprehension subtests and the Brief 

Reading Cluster, which is a combination of scores on the Letter-Word Identification and Passage 

Comprehension subtests. 

Mathematics. The three subtests used on the WJ-III ACH to assess mathematics skills 

were Calculation, Math Fluency, and Applied Problems. The Calculation subtest assesses 

participants’ ability to perform math computations without the use of a calculator by having them 

complete a variety of mathematics problems in pencil and paper format. The Math Fluency 

subtest assesses participants’ fluency on simple mathematics problems by having them complete 

as many simple addition, subtraction, and multiplication facts as they can in 3 minutes. The 

Applied Problems subtest, which was administered starting at participant 95, assesses 

participants’ ability to analyze and solve math problems by having them listen to a problem, 

determine the appropriate mathematical procedure to apply, and perform the calculation. The 

cluster scores for mathematics on the WJ-III are the Broad Math cluster, which is a combination 

of the scores on the Calculation, Math Fluency, and Applied Problems subtests, the Brief Math 

cluster, which is a combination of the scores on the Applied Problems and Calculation subtests, 

and the Math Calculation Skills cluster, which is a combination of the Calculation and Math 

Fluency subtests.  

Writing. The two subtests used on the WJ-III ACH to assess writing skills were Spelling 

and Writing Fluency. The Spelling subtest assesses participants’ ability to write orally presented 
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words correctly by having them spell dictated words of increasing difficulty. The Writing 

Fluency subtest assesses participants’ ability to formulate and write simple sentences quickly by 

providing a set of three words for each item to be used in the constructed sentence. The 

participants were given 7 minutes to complete as many sentences as possible.  

Academics. The WJ-III ACH also generates two overall academic cluster scores. The 

first is the Academic Skills cluster, which is a combination of the Spelling, Calculation, and 

Letter-Word Identification subtests and is an overall measure of basic skill acquisition. The 

second is the Academic Fluency cluster, which is a combination of the Reading Fluency, Writing 

Fluency, and Math Fluency subtests and is an overall measure of fluency on basic reading, 

writing, and math tasks.  

Writing curriculum-based Measurement. Participants completed a writing curriculum 

based measurement (CBM; Appendix C). The writing CBM’s varied in difficulty to match skills 

required at different grade levels and were administered based on age of the participant. The 

CBM’s were created by a research team member, modeled after sample CBMs, and were 

administered using validated CBM procedures. Participants were given a total of four minutes to 

complete a written passage. They were given a sentence and then asked to think about what they 

wanted to write for one minute and then had three minutes to write the story. The writing CBM 

generates a total number of words written, total correct words written, total writing sequences, 

total correct writing sequences, and sequence index score. Sequences are the link between two 

words or a word and punctuation. Correct writing sequence requires words to be correct 

syntactically and semantically. The sequence index score was calculated by dividing the total 

correct writing sequences by the total writing sequences and was presented as a percentage.  
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Wechsler Abbreviated Intelligence Scale, Second Edition. Participants completed all 

four subtests on the Wechsler Abbreviated Intelligence Scale, Second Edition (WASI-II). These 

four subtests were used to generate a general intelligence score (FSIQ) as well as a verbal 

intelligence (VCI) score and non-verbal intelligence (PRI) score. Each intelligence score is 

reported as a standard score, with scores falling between 90 and 110 (SD=10) 

Demographic and Health Interview. Participant parents competed this questionnaire at 

the enrollment appointment. Specific questions related to race and ethnicity (what race/ethnicity 

do you consider your child to be?), learning disability (has your child ever been diagnoses or told 

that he/she has/had a learning disability?), free/reduced lunch, annual income (which annual 

income best reflects your household’s family income?), mothers education level (what is the 

highest level of education your child’s mother has completed?), and father’s education level 

(what is the highest level of education your child’s father has received?).  

Medical Records. Participant’s medical records were reviewed by a trained research 

team member. Values collected through the medical record review, were closest HbA1c value 

pre and post enrollment in the study, birth date, and date of diabetes diagnosis. These values 

were used to generated variables of closest HbA1c to enrollment (could be before or after), age 

at enrollment, age at diagnosis, and duration of diabetes diagnosis.  

Medical Examination. Participants completed a brief medical examination with a 

physician at the enrollment appointment. Current height and weight were obtained at the 

evaluation and later used to calculate body mass index (BMI) at time of enrollment. 

Procedure 

 All procedures were part of a randomized clinical trial, with this study only using part of 

the collected data from the clinical trial. The main purpose of the randomized clinical trial was to 
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examine the impact of a sleep intervention on diabetic control and various school outcomes. It 

consisted of multiple meetings and components, some of which yielded important data for the 

current study (Appendix A; Appendix B). The current study explored the impact of momentary 

glucose levels on performance of various reading, writing, and mathematic tasks during the first 

neurobehavioral evaluation  

 Participants were recruited through the Angel Wing Clinic, a pediatric endocrinology 

clinic in a Southwestern state of the United States. They were either recruited in person or over 

the telephone (Perfect et al., 2016). Eligible patients were asked by an Angel Wing Clinic staff 

member if they were interested in hearing more about a study being conducted on sleep and 

diabetes. If the patient was interested, and a research team member was available, the research 

team member would meet with the participant and his or her family during his or her scheduled 

clinic appointment in the exam room at the clinic to discuss the study. If a research team member 

was not available, the patient was asked to complete a contact sheet and a team member 

contacted them later via phone or email. When an eligible patient expressed interest in the study, 

he or she was added to the research schedule and sent an email inclusive of all dates and 

locations scheduled for participation (Perfect et al., 2016). 

One week before enrollment in the 12-day-long study, a reminder phone call was made to 

the family to confirm the scheduled dates of participation. Participants and their parents attended 

the enrollment appointment approximately five days prior to the scheduled neurobehavioral 

evaluation at the Angel Wing Clinic. At this enrollment appointment, the participant and parent 

signed assent and consent forms, respectively. The parent filled out a release of information, 

personal health information form, demographic health interview form, and consent form for 

using the continuous glucose monitor. The participant spent a few minutes with a doctor in the 
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clinic to obtain the participant’s current height and weight, to later calculate body mass index 

(BMI) and were fitted with a CGM to monitor glucose levels, by the research team member. The 

participants were also given a meter and strips to use for the duration of the study and asked to 

complete a glucose log, which was to be done each time they tested their glucose. At the end of 

this appointment, they were asked to complete a finger stick, which was needed to initialize and 

sync the CGM to the meter they were given (Perfect et al., 2016). 

The participant also completed two neurobehavioral evaluations one on the first Saturday 

or Sunday after enrollment, and a second on the following weekend. The first of these is critical 

for the current study. During the first appointment, the participants completed multiple 

assessments including some to measure academic ability, the Woodcock Johnson Tests of 

Achievement – Third Edition and the writing CBM. Throughout the evaluation, for the last 23 

participant evaluations conducted, the research team member recorded start and stop times of 

assessments for later use in determining glucose levels during these specific time frames. Further 

the CGM was downloaded and reinserted at the first evaluation. Participants and parents 

completed additional assessments and questionnaires that were irrelevant to the current study 

(Appendix B). The second evaluation had participants and their parents complete all the same 

assessments as the first, but also assessed each participant’s cognitive ability using the Wechsler 

Abbreviated Scales of Intelligence. Secondly, at the end of this evaluation the family was 

provided compensation for participating (Perfect et al., 2016).  

Data Analyses 

 The following analyses were used to assess the research questions and hypotheses 

presented in Chapter 1.   
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Research Question 1: How do blood glucose levels at the time of academic task 

completion affect performance on those measures?  

Hypothesis 1a: Children and adolescents with T1DM whose glucose levels are 

considered hypoglycemic or hyperglycemic at the time of performance on reading tasks 

will perform worse on the reading tasks than participants whose glucose levels are in the 

target range. 

Hypothesis 1b: Children and adolescents with T1DM whose glucose levels are 

considered hypoglycemic or hyperglycemic at the time of performance on writing tasks 

will perform worse on the writing tasks than participants whose glucose levels are in the 

target range. 

Hypothesis 1c: Children and adolescents with T1DM whose glucose levels are 

considered hypoglycemic or hyperglycemic at the time of performance on mathematics 

tasks will perform worse on the mathematics tasks than participants whose glucose levels 

are in the target range.  

 To answer the first research question, a series of polynomial regressions (Saquib, Kritz-

Silverstein, Barret-Connor, 2005; Wang, Beyer, Gensichen, & Gerlach, 2008), more specifically 

quadratic regressions, were used to determine if continuous glucose levels effect academic task 

performance in a curvilinear way. This statistic was chosen to address this question because the 

results are suspected to follow a curvilinear (“U”-shaped) pattern as both extreme low and 

extreme high values were believed to be related to poorer performance in the respective 

academic areas. The independent variable was the average daily glucose values determined by 

averaging all momentary CGM readings from the start of the scheduled neurobehavioral 

evaluation until the device was removed for download at that evaluation, for each participant. 
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For those participants in which start and stop times of academic assessment administration were 

recorded, additional polynomial regressions were run with the average of all momentary CGM 

readings that occurred only during the blocks of academic assessment time for secondary 

analysis to provide a more exact relationship between glucose levels and academic performance. 

The dependent variables were standard scores on subtests and clusters of the Woodcock-Johnson 

Tests of Achievement – Third Edition and the sequence index on the writing curriculum based 

measurement. All statistical assumptions for polynomial regression were met. In addition to the 

polynomial regression, a linear correlation was run to determine if a linear relationship exists 

between the independent and dependent variables. Moreover, this data provides more detail on 

the relationship between CGM average during academic time only and performance outcomes, 

due to there being no individuals who were considered hypoglycemic during this time.  

 Research Question 2: Do extreme states of poor glycemic control (either hyperglycemia 

or hypoglycemia) affect performance on academic measures?  

Hypothesis 2a: Children with T1DM who are hyperglycemic at the time of performance 

on reading, writing, and mathematics measures will score lower in one or more of these 

domains than children with T1DM who are in good control at the time of testing. 

Hypothesis 2b: Children with T1DM who are hypoglycemic during the time of 

performance on reading, writing, and mathematics will score lower in one or more of 

these domains than children with T1DM who are in good control at the time of testing.  

These hypotheses were tested using an analysis of covariance (ANCOVA; Garg, Zisser, 

Schwrtz, Bailey, Kaplan, et al., 2006) to determine mean differences on various academic task 

scores between groups while controlling for secondary variables. Based on the patterns of 

glucose levels across participants, they were classified into four groups: (1) those who were on 
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average in target range (80mg/dl – 130mg/dl) during academic testing, (2) those who were on 

average above the in-target range and below the hyperglycemic range (131mg/dl – 179mg/dl); 

(3) those who were on average hyperglycemic (180mg/dl – 199mg/dl) during academic testing, 

and (4) those who were on average in the severe hypoglycemic range (average score ≥ 200mg/dl) 

during academic testing. A value equal to or greater than 200 was selected and labeled severe 

hyperglycemia because youth with T1DM are more likely to experience some symptoms once 

they reach this threshold, whereas they may be asymptomatic at 180, the value considered to 

reflect hyperglycemia (Mayo Clinic, 2015).  

The dependent variables were standard scores on subtests and composites of the 

Woodcock-Johnson Tests of Achievement – Third Edition and curriculum based measurement 

results for writing. Prior to running the ANCOVA, all demographic and health variables were 

run to determine which of these variable were significantly related to academic task 

performance. Those variables that were found to be significantly related to academic task 

performance were classified and ran as covariates (e.g. age, median income, intelligence 

quotient) within the ANCOVA model in order to control for their potential effects on the 

outcome of the model. If any of the covariates differed between groups, those covariates became 

their own factor as to not violate an assumption of ANCOVA.  

Research Question 3: How does glucose fluctuation prior to academic assessment affect 

performance? 

 To answer the third research question, a series of multiple regressions (Janghorbani & 

Amini, 2012) were used to determine how different computed glucose metrics related to 

hyperglycemia and hypoglycemia prior to academic performance impact one’s ability to 

complete academic tasks. This statistic was chosen to address this question because the results 
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are suspected to follow a linear pattern. The independent variables were five metrics each for 

hypoglycemia and hyperglycemia: (1) number of episodes 12 hours prior to academic 

performance, (2) percentage of time, over 12-hour period spent in an extreme state prior to 

evaluation, (3) average glucose level of most recent episode prior to academic performance, (4) 

length of longest episode within a 12-hour timeframe prior to academic performance, and (5) 

length of time between most recent episode and academic performance (Table 3). The dependent 

variable was performance on academic tasks as measured by standard scores and composite 

scores of the Woodcock-Johnson Tests of Achievement – Third Edition and the sequence index 

score on the writing curriculum based measurement. The statistical assumptions that the data 

produce a linear relationship, there is a normal distribution, and the variables are homoscedastic 

were met (McDonald, 2014). Further, the data were examined for collinearity between the 

independent variables. However, multiple regression is robust to variables that are not normally 

distributed.  
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Table 3   
   
How Glucose Metrics Were Derived 

 
Extreme State 

 
Glucose Metric 

 
Details on How Metric was Derived 

 
 
 
 
 
 
Hypoglycemia 

Number of hypoglycemic episodes 12 hours prior 
to academic performance 

Within the 12 hours prior to the neurobehavioral evaluation, counted the total number of 
hypoglycemic events.  

Percentage of time, over a 12-hour period, spent in 
a hypoglycemic state prior to evaluation 

Counted the number of 5 minute intervals where CGM denoted values at or below 
70mg/dl and divided by total number of valid intervals to generate a percent 

Average glucose level of most recent 
hypoglycemic episode prior to academic 
performance 

Added up all glucose readings for each 5-minute interval in the hypoglycemic episode 
and divided by the total number of 5 minute intervals.  

Length of longest hypoglycemic episode within a 
12-hour timeframe prior to academic performance 

Multiplied 5 (for each 5-minute interval) by the total number of intervals that made up 
the longest hypoglycemic episode to generate a total number of minutes. 

Length of time between most recent hypoglycemic 
episode and academic performance 

Multiplied 5 (for each 5-minute interval) by the total number of intervals between the 
last interval of the closest hypoglycemic episode to the neurobehavioral evaluation and 
the start of the evaluation to generate a total number of minutes.  

 
 
 
 
 
 
Hyperglycemia 

Number of hyperglycemic episodes 12 hours prior 
to academic performance 

Within the 12 hours prior to the neurobehavioral evaluation, counted the total number of 
hyperglycemic events. 

Percentage of time, over a 12-hour period, spent in 
a hyperglycemic state prior to evaluation 

Counted the number of 5 minute intervals where CGM denoted values at or above 
180mg/dl and divided by total number of valid intervals to generate a percent. 

Average glucose level of most recent 
hyperglycemic episode prior to academic 
performance 

Added up all glucose readings for each 5-minute interval in the hyperglycemic episode 
and divided by the total number of 5 minute intervals. 

Length of longest hyperglycemic episode within a 
12-hour timeframe prior to academic performance 

Multiplied 5 (for each 5-minute interval) by the total number of intervals that made up 
the longest hyperglycemic episode to generate a total number of minutes. 

Length of time between the most recent 
hyperglycemic episode and academic performance 

Multiplied 5 (for each 5-minute interval) by the total number of intervals between the 
last interval of the closest hypoglycemic episode to the neurobehavioral evaluation and 
the start of the evaluation to generate a total number of minutes. 

Note: A hypoglycemic event is any length of time where consecutive CGM glucose readings are at or below 70mg/dl. Could be as short as 5 minutes (1 interval) or as long at 720 minutes (144 
intervals). 
Note: A hyperglycemic event is any length of time where consecutive CGM glucose readings are at or above 180mg/dl. Could be as short as 5 minutes (1 interval) or as long as 720 minutes (144 
intervals).  
Note: All metrics that a participant was not included in due to not experiencing either a hyperglycemic or hypoglycemic episode was given a value of zero except for time since most recent episode, 
which was set to 720 to indicate that these participants had not experienced an episode in the 12 hours prior to evaluation.  
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Chapter Four 

Results 

General Description of Sample and Performance 

Within the total sample of 83 participants, four groups were generated to describe 

different average levels of glucose control during the neurobehavioral evaluation. The first group 

was those in the Hypoglycemic/ In Target Range, which consisted of 13 individuals with an 

average glucose of 99.17 mg/dl (SD=25.87). The second group was those in the Approaching 

Hyperglycemia Range, which consisted of 13 individuals who had an average glucose of 158.79 

mg/dl (SD=13.27). The third group was those in the Hyperglycemic Range, which consisted of 

10 individuals who had an average glucose of 189.59 mg/dl (SD=7.28). The final group was 

those in the Severe Hyperglycemia Range, which consisted of 32 individuals with an average 

glucose of 284.24 mg/dl (SD=57.33). The sample as a whole had an average blood glucose level 

of 210.95 mg/dl (SD=85.24) during the neurobehavioral evaluation, which is considered to be in 

the severe hyperglycemic range. Examination of these four groups of glucose control as a whole 

indicate a wide range of blood glucose variability within the entire sample. In addition, within 

each of the four groups, glucose variability ranges significantly from participant to participant 

when considering standard deviations. The group with the smallest amount of variability is those 

within the Hyperglycemic Range. This smaller variability is likely due to the blood glucose 

values within this group having the smallest range of potential values (180mg/dl to 199mg/dl). 

Variability within these four groups increases as the range of glucose values categorized within 

each group increases.  
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Table 4 
 
Group Means and Standard Deviations 

 

 Group Mean (SD) 

 Hypoglycemic/ In 
Target Range* 

Approaching 
Hyperglycemia 

Hyperglycemic Severe 
Hyperglycemic 

Task Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Reading         

    WJ Broad Reading 
Cluster 

101.85 (3.91) 98.92 (3.91) 98.10 (4.46) 96.56 (2.49) 

    WJ Brief Reading 
Cluster 

99.54 (3.40) 99.39 (3.40) 99.10 (3.88) 96.56 (2.17) 

    WJ Letter-Word 
Reading 

102.15 (3.58) 101.23 (3.58) 100.60 (4.09) 98.19 (2.28) 

    WJ Reading Fluency 105.00 (4.45) 96.23 (4.45) 95.50 (5.07) 95.63 (2.84) 
     WJ Passage 
Comprehension 

95.15 (3.14) 95.39 (3.14) 96.50 (3.58) 94.56 (2.00) 

Writing         

     WJ Spelling 102.15 (4.52) 96.92 (4.52) 99.40 (5.15) 99.09 (2.88) 
     WJ Writing Fluency 108.39 (3.92) 90.31 (3.92) 92.60 (4.47) 96.88 (2.50) 
     CBM Writing 
Sequence Index 

95.07 (3.07) 85.01 (2.77) 89.54 (3.48) 92.70 (1.96) 

Mathematics         

     WJ Math Calculation 
Skills Cluster 

103.46 (5.31) 90.00 (5.31) 99.40 (6.06) 100.19 (3.39) 

     WJ Broad Math 
Cluster 

119.00 (10.18) 80.50 (10.18) 111.00 (8.31) 95.33 (8.31) 

     WJ Brief Math 
Cluster 

118.50 (9.53) 79.00 (9.53) 109.67 (7.78) 98.00 (7.78) 

     WJ Calculation 107.31 (5.05) 92.62 (5.05) 104.40 (5.75) 103.22 (3.22) 
     WJ Math Fluency 95.85 (5.18) 89.00 (5.18) 91.20 (5.91) 95.06 (3.30) 
     WJ Applied 
Problems 

111.50 (6.31) 92.00 (6.31) 104.67 (5.15) 101.00 (5.15) 

Overall Academics         

     WJ Academic Skills 
Cluster 

105.00 (4.65) 97.54 (4.65) 102.00 (5.30) 100.63 (2.96) 

     WJ Academic 
Fluency Cluster 

104.39 (4.69) 90.46 (4.69) 92.00 (5.35) 95.16 (2.99) 

*Note: All participants whose average glucose level during the neurobehavioral evaluation fell within the hypoglycemic 
or in-target range were combined into one group. This was decided because there were only three participants who fell in 
the hypoglycemic range and when compared to those in the in-target range showed no significant differences between 
groups. Additionally, those three who were in the hyperglycemic range were between values of 61 and 70, which is just 
below the upper limit of the hypoglycemic range.  

 



GLUCOSE CONTROL AND ACADEMIC PERFORMANCE IN T1DM 

 

59 

 

Research Question 1 

 The first research question examined the relations between blood glucose levels during 

the time of academic performance and the scores on the reading, writing, and math tasks. 

Statistical assumptions of the polynomial regression were met, and both clusters of independent 

variables, CGM average over total evaluation and CGM average over academic portion of 

evaluation, generated normal distributions (Appendix E). 

Hypothesis 1a indicated that children and adolescents with T1DM whose glucose levels 

are considered hypoglycemic or hyperglycemic at the time of performance on reading tasks will 

perform worse on the reading tasks than participants whose glucose levels are in the target 

range. A polynomial regression examining glucose levels during performance on multiple 

reading tasks to the outcome on these reading tasks and overall reading composite scores resulted 

in failure to reject the null hypothesis. Results for all individual tasks resulted in non-significant 

relationships between average glucose level over time of performance and outcomes on basic 

word reading,𝑅2 = . , 𝐹 , = . , 𝑝 = . , reading fluency, 𝑅2 = . , 𝐹 , =. , 𝑝 = . , and reading comprehension, 𝑅2 = . , 𝐹 , = . , 𝑝 = . , tasks. Composite 

scores also yielded non-significant results for composites of broad reading,  𝑅2 = . , 𝐹 , =. , 𝑝 = . , and brief reading, 𝑅2 = . , 𝐹 , = . , 𝑝 = . . Secondary analyses using 

average blood glucose levels during just academic performance and not an average over the total 

evaluation, also yielded non-significant results for all subtests assessing reading (Table 5).  

A linear regression did not demonstrate a significant relationship between average blood 

glucose over the total evaluation and any reading performance outcome scores. However, there 
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was a moderate effect present for all correlations between average blood glucose during 

academic time only and the reading performance outcome scores (Table 6). 

Table 5 
 
Curvilinear Relationships Between Reading Outcomes and Average Glucose Levels during 

Task Performance 

 

Task N 𝑅2 F(df1, df2) p 

CGM Average over Total Evaluation     

     WJ Broad Reading Cluster 68 .01 .24 (2,65) .79 
     WJ Brief Reading Cluster 68 .001 .02 (2,65) .98 
     WJ Letter-Word Reading 68 .001 .03 (2,65) .97 
     WJ Reading Fluency 68 .04 1.16 (2,65) .32 

     WJ Passage Comprehension 68 .000 .01 (2,65) .99 
CGM Average over Academic Portion of 
Evaluation 

    

     WJ Broad Reading Cluster 14 .23 1.68 (2,11) .23 
     WJ Brief Reading Cluster 14 .19 1.26 (2,11) .32 
     WJ Letter-Word Reading 14 .18 1.24 (2,11) .33 
     WJ Reading Fluency 14 .20 1.40 (2,11) .29 
     WJ Passage Comprehension 14 .15 .97 (2,11) .41 

 

Table 6 
 
Linear Relationships Between Reading Outcomes and Average Glucose Levels during Task 

Performance 

 

Task n r p 

CGM Average over Total Evaluation    

     WJ Broad Reading Cluster 68 -.08 .52 
     WJ Brief Reading Cluster 68 -.02 .85 
     WJ Letter-Word Reading 68 -.03 .83 
     WJ Reading Fluency/ 68 -.17 .16 

     WJ Passage Comprehension 68 .01 .97 
CGM Average over Academic Portion of Evaluation    
     WJ Broad Reading Cluster 14 -.47 .09+ 
     WJ Brief Reading Cluster 14 -.43 .13 
     WJ Letter-Word Reading 14 -.42 .14 
     WJ Reading Fluency 14 -.43 .12 
     WJ Passage Comprehension 14 -.39 .17 
+indicates significance at a level less than .1, suggesting a trend towards significance.  
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Hypothesis 1b stated that children and adolescents with T1DM whose glucose levels are 

considered hypoglycemic or hyperglycemic at the time of performance on writing tasks will 

perform worse on the writing tasks than participants whose glucose levels are in the target 

range. A polynomial regression relating glucose levels during performance on writing tasks to 

the outcome on these writing tasks resulted in rejection the null hypothesis. Results on the 

Spelling subtest resulted in a non-significant relationship between average glucose value during 

the evaluation and outcome on the spelling task, 𝑅2 = . , 𝐹 , . , 𝑝 = . . However, 

secondary analyses using average blood glucose levels during just academic performance rather 

than total evaluation time, yielded a significant relationship, with a moderate effect size, between 

average glucose level and the WJ-III Spelling subtest,𝑅2 = . , 𝐹 , = . , 𝑝 = . . This 

finding indicated that spelling is negatively impacted when individuals experience more extreme 

glucose dysregulation (either hypoglycemic or hyperglycemic). Moreover, a linear relationship 

was found between average glucose level during academic performance and the WJ-III Spelling 

subtest, r(14)=-.67, p=.01, suggesting that the higher one’s blood glucose is during performance 

the worse his or her spelling accuracy becomes (Table 8).  

Analysis of the relationship between the Writing Fluency subtest and average glucose 

level during the entire evaluation yielded a non-significant result, 𝑅2 = . , 𝐹 , = . , 𝑝 =. . Secondary analysis of average glucose during academic performance and the Writing 

Fluency subtest also yielded a non-significant relationship 𝑅2 = . , 𝐹 , = . , 𝑝 = . , 

however a medium effect size was found. Further analysis of a linear relationship between 

average glucose during academic performance and the Writing Fluency subtest indicated a 

medium effect, although not significantly related, r(14)=-.44, p=.12 (Table 7).   
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Additional analysis of average glucose and writing curriculum based measure sequence 

index outcome generated a non-significant relationship, 𝑅2 = . , 𝐹 , = . , 𝑝 = . . 

Secondary analyses, did not find significant relationships, either linear or curvilinear, between 

average blood glucose during academic performance and writing curriculum based measure 

sequence index scores (Table 7, Table 8).  

Table 7 
 
Curvilinear relationships Between Writing Outcomes and Average Glucose Levels during Task 

Performance 

 

Task N 𝑅2 F(df1, df2) p 

CGM Average over Total Evaluation     

     WJ Writing Fluency 68 .08 2.91 (2,65) .06+ 
     WJ Spelling 68 .002 .05 (2,65) .95 
     Writing CBM – Sequence Index 49 .07 1.76 (2,46) .18 
CGM Average over Academic Portion of 
Evaluation 

    

     WJ Writing Fluency 14 .21 1.50 (2,11) .27 
     WJ Spelling 14 .46 4.59 (2,11) .04* 
     Writing CBM – Sequence Index 14 .07 .43 (2,11) .66 
+ indicates significance at a level less than .10, suggesting a trend towards significance 
*indicates significance at a level less than or equal to .05 

 
Table 8 
 
Linear Relationships Between Writing Outcomes and Average Glucose Levels during Task 

Performance 

 

Task n r p 

CGM Average over Total Evaluation    

     WJ Writing Fluency 68 -.09 .47 
     WJ Spelling 68 -.03 .81 
     Writing CBM – Sequence Index 49 .12 .42 
CGM Average over Academic Portion of Evaluation    
     WJ Writing Fluency 14 -.44 .12 
     WJ Spelling 14 -.67 .01** 
     Writing CBM – Sequence Index 14 .16 .58 
**indicates significance at a level less than or equal to .01 
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Hypothesis 1c stated that children and adolescents with T1DM whose glucose levels are 

considered hypoglycemic or hyperglycemic at the time of performance on mathematics tasks will 

perform worse on the mathematics tasks than participants whose glucose levels are in the target 

range. Results for all individual subtests resulted in non-significant relationships between 

average glucose level over time of performance and outcomes on the Math Calculation, 𝑅2 =. , 𝐹 , = . , 𝑝 = . , Math Fluency, 𝑅2 = . , 𝐹 , . , 𝑝 = . , and Applied 

Problems, 𝑅2 = . , 𝐹 , = . , 𝑝 = . , subtests. Composite scores also yielded non-

significant results for composites of Broad Math, 𝑅2 = . , 𝐹 , = . , 𝑝 = . , Brief Math, 𝑅2 = . , 𝐹 , = . , 𝑝 = . , and Math Calculation Skills, 𝑅2 = . , 𝐹 , = . , 𝑝 =. . Secondary analyses using average blood glucose levels during just academic performance 

and not total evaluation time, also yielded non-significant results for all mathematic subtests and 

cluster scores, however there was a medium effect size for the relationship between average 

blood glucose during academic performance and Math Fluency subtest scores (Table 9).  

However, additional analysis of linear correlations, indicated moderate correlations between 

average glucose during academic testing and the Math Calculation Skills cluster, r(14)=-.35, 

p=.22, and the Math Fluency subtest, r(14)=-.42, p=.13 (Table 10).  

In addition, both academic clusters showed no significant relationship with average 

glucose level during the evaluation of each participant over then entire evaluation time for either 

the Academic Skills cluster, 𝑅2 =  . , 𝐹 , = . , 𝑝 = . , or the Academic Fluency 

cluster, 𝑅2 = . , 𝐹 , = . , 𝑝 = . . Secondary analyses, using just the average glucose 

levels during performance of academic tasks also yielded non-significant results for both the 

academic skills cluster, 𝑅2 =  . , 𝐹 , = . , 𝑝 = . , and the academic fluency cluster, 𝑅2 =  . , 𝐹 , = . , 𝑝 = . . Additional linear correlations indicated non-relationships 
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between both the Academic Skills cluster, r(14)=-.51, p=.06, and the Academic Fluency cluster, 

r(14)=-.49, p=.08, however large effect sizes were found for both further suggesting the sample 

is too small to generate enough power for significant effects.  

Table 9 
 
Curvilinear Relationships Between Math Outcomes and Average Glucose Levels during Task 

Performance 

 

Task N 𝑅2 F(df1, df2) P 

CGM Average over Total Evaluation     

     WJ Math Calculation Skills Cluster 68 .01 .34 (2,65) .71 
     WJ Broad Mathematics Cluster 10 .07 .27 (2,7) .77 
     WJ Brief Mathematics Cluster 10 .03 .11 (2,7) .90 
     WJ Calculation 68 .02 .70 (2,65) .50 
     WJ Math Fluency 68 .002 .06 (2,65) .94 
     WJ Applied Problems 10 .02 .07 (2,7) .93 
CGM Average over Academic Portion 
of Evaluation 

    

     WJ Math Calculation Skills Cluster 14 .12 .76 (2,11) .49 
     WJ Broad Mathematics Cluster 10 .08 .30 (2,7) .75 
     WJ Brief Mathematics Cluster 10 .04 .13 (2,7) .88 
     WJ Calculation 14 .09 .54 (2,11) .60 
     WJ Math Fluency 14 .21 1.42 (2,11) .28 
     WJ Applied Problems 10 .02 .06 (2,7) .94 

 
Table 10 
 
Linear Relationships Between Reading Outcomes and Average Glucose Levels during Task 

Performance 

 

Task n r p 

CGM Average over Total Evaluation    

     WJ Math Calculation Skills Cluster 68 .05 .79 
     WJ Broad Mathematics Cluster 10 -.26 .47 
     WJ Brief Mathematics Cluster 10 -.18 .63 
     WJ Calculation 68 .05 .69 
     WJ Math Fluency 68 .04 .73 

     WJ Applied Problems 10 -.13 .73 
CGM Average over Academic Portion of Evaluation    
     WJ Math Calculation Skills Cluster 14 -.35 .22 
     WJ Broad Mathematics Cluster 10 -.26 .47 
     WJ Brief Mathematics Cluster 10 -.19 .61 
     WJ Calculation 14 -.28 .33 
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Table 10 continued    
    

Task n r p 

     WJ Math Fluency 14 -.42 .13 
     WJ Applied Problems 10 -.13 .72 

  

Research Question 2  

 The second research question investigated whether academic performance differs 

between individuals experiencing varying levels of glycemic control. Statistical assumptions 

were met, and each independent variable generated normal distributions (Appendix F). 

Hypothesis 2a stated children with T1DM who are hyperglycemic at the time of 

performance on reading, writing, and mathematics measures will score lower in one or more of 

these domains than children with T1DM who are in good control at the time of testing. 

Hypothesis 2b stated children with T1DM who are hypoglycemic during the time of performance 

on reading, writing, mathematics will score lower in one or more of these domains than children 

with T1DM who are in good control at the time of testing. An analysis of covariance (ANCOVA) 

compared four similar sized groups of participants: (1) those whose average glucose during the 

evaluation was considered in target range; (2) those whose average glucose during the evaluation 

was considered to be between the target range and hyperglycemic or approaching 

hyperglycemia; (3) those whose average glucose during the evaluation was considered 

hyperglycemic; and (4) those whose average glucose during the evaluation was considered to be 

in the severe hyperglycemic on performance outcomes of reading, writing, and mathematics 

tasks. The first null hypothesis was rejected, due to the main analysis indicating significant 

differences between Group 1 (target range) and Groups 3 (hyperglycemia) and 4 (severe 

hyperglycemia) on writing and reading fluency tasks. Since there were only three participants 

who were in the hypoglycemic range during the evaluation, with average glucose values of 61.13 
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mg/dl, 65.67 mg/dl, and 65.79mg/dl, analysis could not determine whether their performance 

was compromised as was proposed by the second hypothesis.  

 Based on a Pearson Product Moment correlation analysis, multiple covariates were found 

to be significantly related to the academic task outcomes (Table 11). Since some of the 

covariates comprised some of the other covariates (e.g., Verbal IQ was subsumed in the Full 

Scale IQ) or were very closely overlapping, only one covariate was run in the analyses. For 

example, the covariate Full Scale IQ was used in the statistical analyses and was found to be 

significantly related to the covariate Verbal IQ 𝑟 = . , 𝑛 = , 𝑝 = . .   

Table 11      
           
Correlations of Covariates and Task Performance       

  
Potential Covariates 

 
 

Task 

 
 

Sex 

 
 

Age 

 
 

Race 

 
Median 
Income 

Annual 
Report 
Income 

Highest 
Education 
of Parent 

 
 

Grade 

 
Verbal 

IQ 

Perfor-
mance 

I Q 

Full 
Scale 

IQ 

Broad Reading Cluster .17 -.20 .12 .21 .37*** .37*** -.09 .62*** .41*** .59*** 
Brief Reading Cluster .09 -.21 .09 .16 .38*** .29** -.09 .60*** .41*** .58*** 

Letter-Word Subtest .16 -.35*** .02 .12 .28* .22 -.22 .51*** .26* .44*** 
Reading Fluency Subtest .27* -.14 .14 .23* .33** .42*** -.08 .54*** .33** .49*** 
Passage Comprehension 
Subtest 

-.00 .05 .18 .19 .42*** .34** .12 .56*** .50*** .63*** 

Math Calculation Skills 
Cluster 

.03 -.15 .24* .28* .32** .14 -.10 .47*** .60*** .65*** 

Calculation Subtest -.04 -.10 .28* .26* .29** .11 -.06 .46*** .64*** .67*** 
Math Fluency Subtest .15 -.21 .10 .24* .31* .18 -.16 .37*** .42*** .48*** 
Writing Fluency Subtest .14 -.18 .08 .09 .20 .25* -.09 .34*** .39*** .44*** 

Spelling Subtest .14 -.03 .00 .15 .25* .26* .07 .53*** .41*** .54*** 
CBM Sequence Index 
Score 

-.02 .32* -.03 .19 .08 .13 .37** .30* .09 .18 

Academic Skills Cluster .10 -.18 .13 .23* .32** .23* -.07 .62*** .53*** .67*** 
Academic Fluency 
Cluster 

.24* -.21 .11 .21 .32** .35*** -.13 .49*** .43*** .55*** 

Note: the n’s vary depending on the availability of data for each analysis.  
*significant at p ≤ .05 

**significant at p ≤ .01 
***significant at p ≤ .001 

   

 

Results indicated that there were not significant effects of glucose category on writing. 

However, there was a trend toward statistical significance for the main analysis on the Writing 
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Fluency subtest on the WJ III – ACH, 𝐹 , = . , 𝑝 = . , after controlling for the effects 

of Full Scale IQ and Highest Education Level of the participant’s parent (Table 12). Even after 

controlling for these covariates, group means of individuals in the In Target Range (M= 103.78, 

SD=14.12) differed at a significant level from individuals in the Hyperglycemic Range (M= 

92.60, SD= 11.78). Specifically, post hoc tests revealed that the group with glucose levels that 

were on average in the Hyperglycemic Range (M= 92.60, SD= 11.78) during the evaluation, 

even after controlling for the aforementioned covariates, displayed significantly decreased 

writing fluency ability compared to those whose average glucose levels during the evaluation 

were in the In Target Range (M= 103.78, SD=14.12). Additionally, pairwise comparisons 

indicated that there were significant differences of group means between those in the In Target 

Range (M= 103.78, SD=14.12) and those in the Approaching Hyperglycemia Range (M= 90.31, 

SD= 14.62; Table 12). Statistical analyses indicated no significant differences between group 

means for either the Spelling subtest on the WJ-III-ACH, 𝐹 , = . , 𝑝 = .  or the CBM 

writing sequence index, 𝐹 , = . , 𝑝 = .  (Table 13 and 14). 
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Table 12       
       
ANCOVA Results and Descriptive Statistics for Writing Fluency Task 

  
Writing Fluency Score 

Glucose Groups Mean Standard Deviation n 

In Target Range 103.78 14.12 9 
Approaching Hyperglycemia 90.31 14.62 13 
Hyperglycemia 92.60 11.78 10 
Severe Hyperglycemia 97.23 14.76 31 

Source SS df MS F Partial 𝜂2 

Highest Education of Parent 681.44 1 681.44 5.52* .09 
Full Scale IQ 3776.27 1 3776.27 30.58*** .35 
ANCOVA Model 953.45 3 317.82 2.57+ .12 
Error 7038.84 57 123.49   
*significant at a level less than .05 
***significant at a level less than .001 
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Table 13       
       
ANCOVA Results and Descriptive Statistics for Spelling Task 

  
Spelling Score 

Glucose Groups Mean Standard Deviation n 

In Target Range 101.11 12.71 9 
Approaching Hyperglycemia 99.17 13.86 12 
Hyperglycemia 99.40 17.67 10 
Severe Hyperglycemia 99.53 17.76 30 

Source SS df MS F Partial 𝜂2 

Annual Income 70.13 1 70.13 .42 .01 
Highest Education of Parent 1487.13 1 1487.13 8.89*** .14 
Full Scale IQ 4110.08 1 4110.08 24.57*** .31 
ANCOVA Model 138.60 3 46.20 .28 .02 
Error 9033.32 54 167.28   
***significant at a level less than .001 
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Table 14       
       
ANCOVA Results and Descriptive Statistics for CBM Writing Sequence Index Task 

  
CBM Writing Sequence Index Score 

Glucose Groups Mean Standard Deviation n 

In Target Range 94.83 7.01 6 
Approaching Hyperglycemia 85.01 9.74 11 
Hyperglycemia 89.54 11.21 7 
Severe Hyperglycemia 91.97 9.87 19 

Source SS df MS F Partial 𝜂2 

Age 2.37 1 2.37 .03 .00 
Grade 35.79 1 35.79 .43 .01 
Verbal IQ 306.29 1 306.29 3.67+ .09 
ANCOVA Model 218.24 3 72.75 .87 .07 
Error 3006.09 36 83.50   
+significant at a level less than .10 
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Results indicated that there were no significant effects of glucose category on 

mathematics. Statistical analyses indicated no significant differences between group means for 

the Math Calculation Skills Cluster on the WJ III – ACH, 𝐹 , = . , 𝑝 = . , after 

controlling for the effects of Annual Reported Income, Median Income by Zip code, Race, and 

Full Scale IQ (Table 15). Additionally, neither the Calculation subtest, 𝐹 , = . , 𝑝 =. , nor the Math Fluency subtest, 𝐹 , = . , 𝑝 = . , yielded significant results after 

controlling for related covariates (Tables 16 and 17).   
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Table 15       
       
ANCOVA Results and Descriptive Statistics for Math Calculation Skills Cluster Score 

  
Math Calculation Skills Cluster Score 

Glucose Groups Mean Standard Deviation n 

In Target Range 101.89 16.35 9 
Approaching Hyperglycemia 93.00 15.12 12 
Hyperglycemia 99.40 16.85 10 
Severe Hyperglycemia 101.13 21.27 31 

Source SS df MS F Partial 𝜂2 

Annual Income 13.80 1 13.80 .07 .00 
Median Income by Zip Code 209.42 1 209.42 1.08 .02 
Race 1.18 1 1.18 .01 .00 
Full Scale IQ 80.64.47 1 8064.47 41.53*** .44 
ANCOVA Model 378.83 3 126.28 .65 .04 
Error 10486.06 54 194.19   
***significant at a level less than .001 
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Table 16        

       

ANCOVA Results and Descriptive Statistics for Calculation Task 

  
Calculation Score 

Glucose Groups Mean Standard Deviation n 

In Target Range 106.33 17.23 9 
Approaching Hyperglycemia 95.58 15.62 12 
Hyperglycemia 104.40 13.82 10 
Severe Hyperglycemia 104.10 20.01 31 

Source SS df MS F Partial 𝜂2 

Annual Income 4.17 1 4.17 .02 .00 
Median Income by Zip Code 55.13 1 55.13 .30 .01 
Race 47.77 1 47.77 .26 .01 
Full Scale IQ 7444.30 1 7444.30 41.01*** .43 
ANCOVA Model 388.83 3 129.61 .71 .04 
Error 9803.54 54 181.55   
***significant at a level less than .001 

 

 

 

 

 

 



GLUCOSE CONTROL AND ACADEMIC PERFORMANCE IN T1DM 

 

74 

 

Table 17       
       
ANCOVA Results and Descriptive Statistics for Math Fluency Task 

  
Math Fluency Score 

Glucose Groups Mean Standard Deviation n 

In Target Range 93.78 19.27 9 
Approaching Hyperglycemia 91.00 13.76 12 
Hyperglycemia 91.20 19.72 10 
Severe Hyperglycemia 95.68 19.81 31 

Source SS df MS F Partial 𝜂2 

Annual Income 189.64 1 189.64 .76 .01 
Median Income by Zip Code 210.58 1 210.58 .84 .02 
Full Scale IQ 4218.55 1 4218.55 16.85*** .24 
ANCOVA Model 314.31 3 104.77 .42 .02 
Error 13770.21 55 250.37   
***significant at a level less than .001 
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Results indicated that there were not significant effects of glucose category on reading. 

However, there was a trend towards statistical significance for the main analysis on the reading 

fluency subtest on the WJ III – ACH, 𝐹 , = . , 𝑝 = . , after controlling for the effects 

of Full Scale IQ, Highest Education Level of the Participant’s Parent, Annual Reported Income, 

and Median Income by Zip Code (Table 21). Group means of individuals in the In Target Range 

(M= 102.22, SD=13.79) differed significantly from individuals in both the Hyperglycemic 

Range (M= 95.50, SD= 14.46) and the Severe Hyperglycemic Range (M=96.63, SD=16.83; 

Tables 18). Specifically, post hoc tests revealed that the groups with glucose levels that were on 

average in the Hyperglycemic Range (M= 95.50, SD= 14.46) and Severe Hyperglycemic Range 

(M=96.63, SD=16.83) during the evaluation, even after controlling for the aforementioned 

covariates, displayed significantly decreased reading fluency ability compared to those whose 

average glucose levels during the evaluation were in the In Target Range (M= 102.22, 

SD=13.79; Table 19). Statistical analyses indicated no significant differences between group 

means for either of the cluster scores, Broad Reading Cluster, 𝐹 , = . , 𝑝 = . , and 

Brief Reading Cluster, 𝐹 , = . , 𝑝 = .  (Tables 18 & 19).  Moreover, no significant 

differences were found between group means on either the Letter-Word Identification subtest, 𝐹 , = . , 𝑝 = . , or the Passage Comprehension subtest, 𝐹 , = . , 𝑝 = .  (Tables 

20 &22).   
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Table 18       
       
ANCOVA Results and Descriptive Statistics for Broad Reading Cluster Score 

  
Broad Reading Cluster Score 

Glucose Groups Mean Standard Deviation n 

In Target Range 101.11 11.43 9 
Approaching Hyperglycemia 99.83 14.21 12 
Hyperglycemia 98.10 10.87 10 
Severe Hyperglycemia 96.97 15.17 30 

Source SS df MS F Partial 𝜂2 

Annual Income 25.76 1 25.76 .29 .01 
Highest Education of Parent 1727.19 1 1727.19 19.20*** .26 
Full Scale IQ 3007.30 1 3007.30 33.43*** .38 
ANCOVA Model 356.34 3 118.78 1.32 .07 
Error 4858.14 54 89.97   
+significant at a level less than .10 
*significant at a level less than .05 
**significant at a level less than .01 
***significant at a level less than .001 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



GLUCOSE CONTROL AND ACADEMIC PERFORMANCE IN T1DM 

 

77 

 
 

Table 19       
       
ANCOVA Results and Descriptive Statistics for Brief Reading Cluster Score 

  
Brief Reading Cluster Score 

Glucose Groups Mean Standard Deviation n 

In Target Range 99.67 9.04 9 
Approaching Hyperglycemia 99.92 11.81 12 
Hyperglycemia 99.10 9.88 10 
Severe Hyperglycemia 96.63 13.08 30 

Source SS df MS F Partial 𝜂2 

Annual Income 24.51 1 24.50 .32 .01 
Highest Education of Parent 726.28 1 726.28 9.52** .15 
Full Scale IQ 2268.55 1 2268.55 29.75*** .36 
ANCOVA Model 227.47 3 75.82 .99 .05 
Error 4117.73 54 76.25   
**significant at a level less than .01 
***significant at a level less than .001 
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Table 20       
       
ANCOVA Results and Descriptive Statistics for Passage Comprehension Task 

  
Passage Comprehension Score 

Glucose Groups Mean Standard Deviation n 

In Target Range 94.67 8.22 9 
Approaching Hyperglycemia 96.58 12.77 12 
Hyperglycemia 96.50 9.32 10 
Severe Hyperglycemia 95.03 11.43 30 

Source SS df MS F Partial 𝜂2 

Annual Income 49.55 1 49.55 .80 .02 
Highest Education of Parent 820.34 1 820.34 13.25*** .20 
Full Scale IQ 1781.08 1 1781.08 28.77*** .35 
ANCOVA Model 63.24 3 21.08 .34 .02 
Error 3343.10 54 61.91   
***significant at a level less than or equal to .001 
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Table 21       
       
ANCOVA Results and Descriptive Statistics for Reading Fluency Task 

  
Reading Fluency Score 

Glucose Groups Mean Standard Deviation n 

In Target Range 102.22 13.79 9 
Approaching Hyperglycemia 97.83 16.71 12 
Hyperglycemia 95.50 14.46 10 
Severe Hyperglycemia 96.63 16.83 30 

Source SS df MS F Partial 𝜂2 

Sex 1378.06 1 1378.06 12.91*** .20 

Annual Income 137.70 1 137.70 1.29 .02 
Highest Education of Parent 2483.97 1 2483.97 23.27*** .31 
Median Income by Zip Code 17.90 1 17.90 .17 .00 
Full Scale IQ 2154.74 1 2154.74 20.18*** .28 
ANCOVA Model 833.75 3 277.92 2.60+ .13 
Error 5551.38 52 106.76   
+significant at a level less than .10 
***significant at a level less than .001 
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Table 22         
       
ANCOVA Results and Descriptive Statistics for Letter Word Identification Task 

  
Letter Word Identification Score 

Glucose Groups Mean Standard Deviation n 

In Target Range 102.78 10.37 9 
Approaching Hyperglycemia 101.33 11.26 12 
Hyperglycemia 100.60 11.55 10 
Severe Hyperglycemia 97.23 14.25 30 

Source SS df MS F Partial 𝜂2 

Annual Income 238.66 1 238.66 2.23 .04 
Age in Years 647.28 1 647.28 6.05* .10 
Full Scale IQ 1427.37 1 1427.37 13.33*** .20 
ANCOVA Model 107.19 3 35.73 .33 .02 
Error 5889.45 55 107.08   
*significant at a level less than .05 
***significant at a level less than .001 
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 Research Question 3   

 The third research question was exploratory in nature and used a bivariate correlation to 

examine the relationship between a variety of glucose metrics (Table 23) and performance 

outcomes on academic tasks.  

Table 23 
 
List of Independent Predictors 

 

Hypoglycemia 

 Number of hypoglycemic episodes 12 hours prior to academic performance 

 Percentage of time, over a 12-hour period, spent in a hypoglycemic state prior to 
evaluation 

 Average glucose level of most recent hypoglycemic episode prior to academic 
performance 

 Length of longest hypoglycemic episode within a 12-hour timeframe prior to academic 
performance 

 Length of time between most recent hypoglycemic episode and academic performance 
 
Hyperglycemia 

 Number of hyperglycemic episodes 12 hours prior to academic performance 

 Percentage of time, over a 12-hour period, spent in a hyperglycemic state prior to 
evaluation 

 Average glucose level of most recent hyperglycemic episode prior to academic 
performance 

 Length of longest hyperglycemic episode within a 12-hour timeframe prior to 
academic performance 

 Length of time between most recent hyperglycemic episode and academic performance 

 

A Pearson Product Moment correlation was used to examine how five predictors related 

to hyperglycemia and hypoglycemia impacted academic tasks of reading, writing, and 

mathematics (Tables 24 & 25). Each glucose metric was run twice, with the exception of average 

glucose level of most recent episode, once with only participants who experienced either a 

hyperglycemic episode or hypoglycemic episode within 12 hours prior to assessment (Table 24), 

and a second time with all participants (Table 25). For all participants to be included, those who 

did not experience a hyperglycemic or hypoglycemic episode were set to zero for all metrics 
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except for time since most recent episode, which was set to 720 to indicate that these participants 

had not experienced an episode in the 12 hours prior to evaluation. Upon examining the 

correlation results between glucose metrics and performance outcomes, the correlations for only 

participants who had experienced an extreme glucose episode generated multiple results that 

demonstrated significance, or trends towards significance compared to the results for all 

participants. Therefore, only correlations for glucose metrics and performance outcomes for 

participants who had experienced an episode of extreme glucose will be discussed.  

 Specifically, the length of the longest hyperglycemic episode was significantly related to 

the Brief Reading Cluster score, 𝑟 = −. , 𝑝 = . . This indicated that hyperglycemic 

episodes that were of longer duration related to worse performance on the overall brief reading 

cluster score, which included the letter word identification and passage comprehension subtests. 

Additionally, there was a trend toward significance for the relationship between the length of the 

longest hyperglycemic episode and the score on the Passage Comprehension subtest, 𝑟 =−. , 𝑝 = . . This trend may indicate that the longer the hyperglycemic episode the worse 

one’s performance on reading comprehension tasks.  Moreover, there was also a trend for the 

relationship between the percent of time spent hyperglycemic during the 12 hours prior to the 

neurobehavioral evaluation and the Brief Reading Cluster score, 𝑟 = −. , 𝑝 = .  to be 

related. This trend suggested that the more time one’s glucose was in the hyperglycemic range, 

the worse their performance was on tasks that make up the Brief Reading Cluster.  

Examination of predictors related to hypoglycemia, yielded far more significant results 

compared to the hyperglycemic glucose metric correlations. Recovery time since last 

hypoglycemic episode was found to be significantly related to the Broad Reading Cluster score, 𝑟 = −. , 𝑝 = . , and the Reading Fluency subtest, 𝑟 = −. , 𝑝 = . .  These 
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findings suggest that reading performance declined as the length of recovery time increased. 

Additionally, there was a trend towards a significant relationship between recovery time since 

last hypoglycemic episode and the Letter Word Recognition subtest., 𝑟 = −. , 𝑝 = . . 
This trend suggests that the more time since a hypoglycemic episode, the worse one’s basic 

reading skills became. The number of hypoglycemic episodes in the 12 hours prior to academic 

performance demonstrated a trend towards significance for both the Broad Reading Cluster 

score, 𝑟 = . , 𝑝 = . , and Reading Fluency subtest, 𝑟 = . , 𝑝 = . , indicating that 

the more hypoglycemic episodes experienced, the more fluently one can read and the better 

one’s overall broad reading score.  

No significant relationships were found between any of the math scores and glucose 

metrics; however, both the relationships between recovery time since the last hypoglycemic 

episode and performance on the Math Calculations Skills Cluster score, 𝑟 = −. , 𝑝 = . , 
and the Math Fluency subtest, 𝑟 = −. , 𝑝 = . , approached significance.  

For writing, spelling trended towards having a significant relationship with the percent of 

time spent hypoglycemic in the 12 hours prior to academic performance, 𝑟 = −. , 𝑝 = . . 
All other writing task outcomes were found to not be significantly related to the glucose metrics.  
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Table 24  

           
Bivariate Correlations of Glucose Metrics and Academic Outcomes for Only Participants Who Experienced an Episode of Extreme Glucose. 

  
Hyperglycemia 

 
Hypoglycemia 

 Average 
Blood 

Glucose of 
Closest 
Episode 

 
 Time 
Since 

Closest 
Episode 

 
 

Number 
of 

Episodes 

 
 
 

Percentage 
of Time 

 
Length 

of 
Longest 
Episode 

Average 
Blood 

Glucose of 
Closest 
Episode 

 
 Time 
Since 

Closest 
Episode 

 
 

Number 
of 

Episodes 

 
 
 

Percentage 
of Time 

 
Length 

of 
Longest 
Episode 

Broad Reading Cluster -.09 -.01 .03 -.15 -.15 -.03 -.55* . + -.22 -.29 

Brief Reading Cluster -.12 .01 .05 −. + -.23* -.26 -.37 .30 -.09 -.15 
Letter-Word Identification 
Subtest 

-.06 -.06 .06 -.17 -.19 -.24 −. + .32 -.13 -.09 

Reading Fluency Subtest -.03 -.02 -.02 -.05 -.02 .19 -.64** . + -.33 -.38 
Passage Comprehension 
Subtest 

-.17 .09 .02 -.19 −. + -.17 -.06 .08 .10 -.11 

Math Calculation Skills 
Cluster 

.03 -.05 -.02 .07 .05 .12 −. + .11 -.29 -.30 

Broad Math Cluster -.44 .09 .21 -.12 -.19 -.83 -.84 .85 .22 -.03 
Brief Math Cluster -.38 .13 .08 -.12 -.14 -.81 -.85 .83 .25 .00 
Calculation Subtest .00 -.06 -.04 .07 .07 .07 -.39 .07 -.29 -.33 
Math Fluency Subtest .07 -.03 .03 .05 -.00 .20 −. + .22 -.21 -.18 
Applied Problems Subtest -.42 .16 .14 -.16 -.15 −. + -.74 .83 .08 -.18 
Writing Fluency Subtest .12 -.01 -.14 .01 .03 .12 -.31 .22 -.17 -.18 
Spelling Subtest .00 -.10 .08 -.15 -.15 .12 -.31 .01 −. + -.27 
Writing CBM Sequence 
Index 

-.12 .03 .09 -.15 -.12 .09 -.46 .12 .01 .11 

Academic Skills Cluster -.03 -.07 .04 -.09 -.10 .00 -.44 .17 -.36 -.30 
Academic Fluency Cluster .06 -.03 -.05 -.00 .00 .19 -.53* .33 -.28 -.30 
Note: the n’s vary depending on the availability of data for each analysis.  
Note. To be included in the analysis, participants had to have experienced at least one hyperglycemic episode or hypoglycemic episode during the 12 hours prior to the neurobehavioral evaluation. 
+ indicates significance at a level less than .1, suggesting a trend towards significance 
*indicates significance at a level less than or equal to .05 
**indicates significance at a level less than or equal to .01 
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Table 25  
           
Bivariate Correlations of Glucose Metrics and Academic Outcomes for All Participants  

  
Hyperglycemia 

 
Hypoglycemia 

 Time Since 
Closest 
Episode 

 
Number of 
Episodes 

 
Percentage 

of Time 

Length of 
Longest 
Episode 

 Time Since 
Closest 
Episode 

Number 
of 

Episodes 

 
Percentage 

of Time 

Length of 
Longest 
Episode 

Broad Reading Cluster .02 .02 -.14 -.15 -.12 .12 -.02 -.03 

Brief Reading Cluster .04 .02 −. + -.22* -.13 .13 .04 .03 

Letter-Word Identification 
Subtest 

-.01 .03 -.15 -.17 -.08 .09 -.02 -.00 

Reading Fluency Subtest -.00 -.02 -.04 -.03 -.09 .09 -.11 -.12 
Passage Comprehension Subtest .09 -.01 -.17 −. + -.17 .15 .14 .10 
Math Calculation Skills Cluster -.09 .03 .10 .08 -.06 .03 -.07 -.08 

Broad Math Cluster -.31 .37 .13 .04 -.28 .32 .01 -.08 
Brief Math Cluster -.28 .27 .13 .08 -.33 .36 .08 -.01 
Calculation Subtest -.09 .00 .09 .09 -.10 .05 -.05 -.06 

Math Fluency Subtest -.09 .08 .10 .05 .01 -.01 -.10 -.09 
Applied Problems Subtest -.30 .33 .12 .08 -.23 .31 -.07 -.17 
Writing Fluency Subtest -.01 -.13 -.02 .01 -.02 .04 -.08 -.08 
Spelling Subtest .03 .04 -.15 -.15 −. + .14 -.00 .06 
Writing CBM Sequence Index .01 .07 -.11 -.10 -.11 .06 .03 .06 
Academic Skills Cluster -.04 .03 -.08 -.09 -.16 .12 -.03 -.01 
Academic Fluency Cluster -.03 -.03 .01 .01 -.04 .05 -.11 -.15 
 Note: the n’s vary depending on the availability of data for each analysis.  
+ indicates significance at a level less than .1, suggesting a trend towards significance 
*indicates significance at a level less than or equal to .05 
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Chapter Five 

Discussion 

The purpose of this study was to examine the influence of momentary blood glucose levels 

on performance on academic tasks. Research into cognitive effects of extreme glucose episodes 

(i.e., hyperglycemia and hypoglycemia) has indicated that various brain regions, including those 

responsible for visuospatial skills, attention, memory, and executive functioning, are impacted by 

these extreme states (Bade-White & Obrzut, 2009). Given that deficits in specific cognitive 

processes have been linked to difficulties in learning, youth with T1DM often are at a disadvantage 

to effectively and efficiently learn (Naguib et al, 2009; Taras & Potts-Datema, 2005). Contrary to 

prior research, the emphasis was on the temporal associations of glycemic control during and the 12 

hours preceding task performance rather than over an unspecified period of time. Specifically, the 

questions for this study more closely examined glucose levels by using momentary glucose monitor 

readings, and examining how these momentary values related to reading, writing, and mathematics 

task outcomes. The current study demonstrated that, poor glucose control was associated with worse 

outcomes on reading, writing, and mathematics tasks. 

Glucose Variability 

Although this study examined several metrics of low and high blood sugars, recent research 

has shown that glucose variability leaves students vulnerable to cognitive deficits that impact 

academic performance (Bade-White & Obrzut, 2009; Hannonen et al., 2012; Kucera & Sullivan, 

2011; Naguib, Kulinskaua, Lomax, & Garralda, 2009; Perfect & Jaramillo, 2012; Wodrich, Hasan, 

& Parent, 2011). Previous research has indicated that T1DM impacts a variety of cognitive abilities, 

including motor control, attention, memory, visuospatial skills, and executive functioning (Bade-

White & Obrzut, 2009). Moreover, these deficits have been linked to academic performance, 
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indicated that individuals with T1DM have difficulty learning independently within the educational 

environment (Kucera & Sullivan, 2011).   

Before discussing specific findings related to the hypotheses, results should be considered in 

context. Overall, the participant’s performance on all academic tasks fell proportionately along the 

normal curve, and indicated that the majority score within the Average range with some performing 

consistently above average with others performing consistently below. Most participants whether or 

not their glucose levels were within the target range performed at the expected level for his or her 

age on all reading, writing, and mathematics tasks with scores between 85 and 115. When 

reviewing the scores for each participant, it appears that nine participants within the sample 

consistently performed above the average range (score of 116 or above) on 88.75% of tasks, with 

only one or two of the 10 to 13 academic performance measures falling within or below the average 

range. Thirteen of the participants within the sample, consistently performed at or below the low 

average range (score of 84 or below) on almost all of the tasks with only one or two of the overall 

10 to 13 scores falling within the average range. Across the entire sample, some participants 

performed consistently across tasks whereas other demonstrated variable performance across tasks, 

yielding a wider range of scores for these participants; however, there appeared to be no 

relationship to these varied performances and glucose and it was not consistent amongst all 

participants.   

Average Glucose During Task Performance 

 The first question addressed by the current study examined the relationship between blood 

glucose levels during the time of academic performance and the performance on reading, writing, 

and math tasks. The distribution of glucose values ranged from 61.13, which was in the 

hypoglycemic range to 399.95, which was in the extreme hyperglycemic range. Only 10 
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participants had glucose levels in the target range, forty-two participants had average glucose levels 

in the hyperglycemic or severe hyperglycemic range. The other participants’ glucose values were 

between the in target range and hyperglycemic range (131mg/dl to 179mg/dl).  

For the first research question, it was hypothesized that a curvilinear relationship would be 

demonstrated, suggesting that individuals whose glucose levels fall closer towards extremes would 

perform worse than those in or closer to the target range. Previous research has mostly focused on 

whether incremental increases in glucose relate to poorer performance, by using values such as 

HbA1c or glucometer readings. Such analyses largely ignore the potential negative influences of the 

experience of naturally occurring hypoglycemia when someone is expected to perform.  

The results indicated partial support for the hypothesis that stated children and adolescents 

with T1DM whose glucose levels are considered hypoglycemic or hyperglycemic at the time of 

performance on writing tasks performed worse than participants whose glucose levels are in the 

target range. There was a significant curvilinear relationship between spelling ability and one’s 

average blood glucose during academic performance on a spelling accuracy task. The effect size for 

the overall polynomial regression was medium, indicating that those individuals with T1DM whose 

blood glucose was at extreme levels during task performance had more difficulty with being able to 

correctly spell vocabulary words appropriate to their age range. Only one study was found that 

specifically examined spelling. These data were consistent with the findings by Hannonen et al. 

(2012), which concluded that children with early onset T1DM performed worse on spelling 

compared to late onset peers. This decreased spelling ability may be due to those with early onset 

often experiencing more extreme fluctuations of glucose than those with late onset (Perantie et al., 

2008). Consideration of these findings have implications for performance on something as routine 
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as a weekly spelling test may not reflect the student’s ability or preparation for the test if his or her 

blood glucose is too high or too low.  

Although spelling scores were significantly related to average blood glucose level during 

task performance, all other writing related tasks, all reading tasks, and all mathematics tasks 

outcomes yielded no significant relationship. Kaufman et al (1999) had yielded a significant 

curvilinear relationship between writing and average blood glucose during task performance. 

However, the study used HbA1c, which is a cumulative value over the prior two to three months. 

Thus, although glucose closer in time to performance may be a more accurate indicator of current 

control, there may be cumulative effects of glucose that are not captured by the narrow window of 

time during task performance. Further, it is important to note that there were a number of moderate 

effects found with analyses assessing both curvilinear and linear relationships. However, statistical 

significance was not reached, potentially due to not enough power to yield significant results. First, 

there was a medium correlation for the curvilinear relationship between math fluency and average 

glucose during academic performance. Additionally, linear relationships with medium to large 

effects for average blood glucose during academic performance included letter-word recognition, 

reading fluency, passage comprehension, broad reading cluster, brief reading cluster, math 

calculation skills cluster, math fluency, and writing fluency.  

In all, future research needs to closely examine the effects of average glucose during 

academic performance on the outcomes of different academic tasks and components of academics 

(i.e., basic reading skills, reading fluency abilities, reading comprehension skills). Although it may 

be difficult to manipulate glucose control during testing, researchers including cognitive and 

academic tasks in their studies should consider the temporal effects of glucose on performance by 

including CGM. It is critical to be aware of the effects of the variability of glucose levels during 
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performance of tasks on a variety of performance measures and how naturally waxing and waning 

levels can impact execution of academic tasks. Additionally, use of the CGM allows for 

investigation of specific school performance and glucose control. For example, knowing how 

glucose control during specific tasks (e.g., reading fluency, math problem solving) directly impacts 

performance outcomes on those tasks, can aid in a better understanding of the extent to which 

glucose variability impacts different academic and cognitive skills.   

Glucose Category During Task Performance 

The second question investigated how performance on academic measures differed between 

groups of youth who were classified based on their average glucose levels during task performance. 

Post hoc analyses supported the hypothesis that children and adolescents with T1DM who are 

hyperglycemic at the time of performance on reading, writing, and mathematics measures will score 

lower in one or more of these domains than children with T1DM who are in good control at the 

time of testing.  

Writing. Even after controlling for the participants IQ and highest education level of parent, 

students with T1DM whose glucose levels during testing were on average in the hyperglycemic 

range (180mg/dl to 200mg/dl) displayed decreased writing fluency abilities compared to those 

whose levels were in the target range. These findings are consistent with Naguib et al. (2009), a 

study that showed that individuals with T1DM performed significantly lower on measures of 

general writing skills compared to youth without diabetes. However, that meta-analysis examined 

writing skills in general, and did not focus on writing fluency.  Writing in a quick and efficient 

manner may be more difficult for individuals with T1DM when their glucose levels are above 

180mg/dl. 
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Additional significant differences were found between those in good control and those with 

suboptimal control on the writing fluency task. Individuals with T1DM whose glucose levels fall 

above 130 mg/dl and below 180 mg/dl may struggle with writing relative to those who have lower 

glucose levels. Such difficulties are concerning because although these individual’s glucose levels 

are not clinically considered to be at a level of extreme glucose, they may experience frequent 

glucose variability and demonstrate poor glucose control which impacts their performance on 

academic tasks. Although it could not be assessed in this study due to the cross-sectional nature, it 

may be the case that youth with T1DM are trying to manage their diabetes, but lack the appropriate 

skills to do so. For instance, perhaps those with lower academic, or cognitive abilities, are more 

likely to have suboptimal glucose control due to the skills required to appropriately manage 

diabetes. 

Reading. Additionally, post hoc analyses indicated that students with T1DM whose glucose 

levels during testing were in the hyperglycemic (180mg/dl to 200mg/dl) or severe hyperglycemic 

range (greater than 200mg/dl) demonstrated poorer reading fluency skills compared to those with 

levels in the target range. These findings were apparent even after controlling for the participants’ 

IQ, highest education level of parent, annual reported income, and median income based off zip 

code. These results give partial support to findings by McCarthy et al. (2003) that demonstrated that 

individuals with T1DM who had poor glycemic control as measured by HbA1c, consistently 

demonstrated poorer academic performance on reading and writing tasks.    

Mathematics. Results of this analysis for glucose level on mathematics performance, 

suggests that all individuals with T1DM perform similarly on mathematics tasks whether or not 

their glucose levels are in or out of the target range.  
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Future research needs to examine several factors including which accommodations are most 

effective in buffering the effects of blood glucose. Some studies have indicated different 

interventions and accommodations may be implemented to help student’s function optimally 

(Wodrich & Cunningham, 2007). However, additional research would be necessary to determine 

effective accommodations and modifications for students with T1DM who struggle with varying 

deficits in cognitive functioning that result in poorer academic performance. More specifically, how 

do these cognitive dysfunctions impact academic performance when an individual is at different 

glucose levels (i.e., hypoglycemic, approaching hyperglycemia, hyperglycemic, severe 

hyperglycemia) and what accommodations are best at these different levels? 

Tracking Glucose Prior to Performance 

The third question explored the relations between various indices of glycemic control prior 

to academic task performance and the outcomes on these academic tasks. Overall, the majority of 

the sample fluctuated in and out of the target range during the 12 hours prior to the neurobehavioral 

evaluation. Some participants experienced both high and low glucose levels during the 12-hour time 

block prior to academic performance. Within the sample, 18 individuals had experienced at least 

one hypoglycemic episode (a minimum of 5 minutes) during the 12 hours prior to the evaluation. 

Seventy-two individuals who had experienced at least one hyperglycemic episode (a minimum of 5 

minutes) during the 12 hours prior to the evaluation. Of those, there were a few participants who 

maintained glucose levels within the hyperglycemic range during the entire 12-hour time block 

prior to performance.  Four individuals maintained glucose levels within the target range and below 

the hyperglycemic range (71mg/dl – 179mg/dl).  

Hyperglycemia. The length of the longest hyperglycemic episode 12 hours prior to 

academic performance significantly related to the Brief Reading Cluster score and approached 
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significance on the Passage Comprehension subtest. Additionally, there was a trend for the more 

time hyperglycemic during the 12 hours prior to testing to relate to poorer performance on the Brief 

Reading Cluster score. These results suggest that youth are at risk for exhibiting impaired 

performance on reading tasks if they have recently experienced prolonged hyperglycemia, either 

due to continuously high glucose in the hours leading up to task administration, or if they 

experience a longer episode within it the 12 hours prior to evaluation. These results correspond to 

findings from Perantie et al. (2008) who found that individuals who experienced more 

hyperglycemic events over time demonstrated decreased verbal intelligence. Future research needs 

to examine these findings longitudinally and with a larger sample to develop predictive algorithms 

to determine the relative contribution of different aspects of glucose control on academic 

performance.   

Hypoglycemia. Review of all metrics of hypoglycemia, for only individuals who 

experienced an episode of hypoglycemia, indicated that recovery time since the most recent 

hypoglycemic episode, number of hypoglycemic episodes during the 12 hours prior to performance, 

the percent of 12 hours prior to assessment spent hypoglycemic, and average blood glucose of the 

closest hypoglycemic episode each related to performance on reading, writing, and mathematics 

tasks. The recovery time since the most recent hypoglycemic episode prior to the start of the 

neurobehavioral evaluation, was significantly related to the Broad Reading Cluster, the Academic 

Fluency Cluster, and Reading Fluency subtest scores.  

Additionally, the results revealed several trends whereby the correlations between particular 

glucose metrics and performance on academic tasks approached significance. For example, there 

was a trend towards significance for the correlation between recovery time since the most recent 

hypoglycemic episode and the Math Calculation Skills Cluster, Math Fluency subtest, and Letter 
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Word Identification subtest scores. These results indicated that the longer the recovery time, or time 

since the end of the most recent hypoglycemic episode, the lower the individual’s basic reading 

skills, reading fluency, and math fluency. The findings may also reflect the fact that those who have 

had more time since the last hypoglycemic episode are more likely to have higher glucose levels 

including potentially hyperglycemia, which is related to worse performance outcomes. Indeed, 

research has suggested that prolonged hypoglycemia impacts academic performance, however 

overall hypoglycemia has been found to have fewer negative impacts compared to episodes of 

hyperglycemia (DCCT, 1993; Perantie, et al., 2008) Thus, hypoglycemia may become problematic 

when it occurs too frequently.  For instance, although just a trend, a greater number of 

hypoglycemic episodes experienced prior to performance, related to poorer performance on the 

Broad Reading Cluster and Reading Fluency subtests. These findings, again contradict the thought 

that fewer episodes would be linked to better performance. However, one explanation for these 

findings is that hypoglycemia may occur in those with better control (DCCT, 1993). As the DCCT 

indicated, individuals who often have tight control over their diabetes, maintaining values within the 

in target range, may more frequently dip into a hypoglycemic state. This is often due to frequent 

corrections to lower glucose levels and stay out of a hyperglycemic range (DCCT, 1993). 

The implication of these findings suggests that awareness of students’ recent patterns in 

glucose fluctuations prior to academic task performance, can aid teachers’ in identifying the need to 

alter the timing of administration of tasks used to measure academic skills. Considering many of the 

participants began the evaluation sometime in the morning, a majority of the previous 12 hours of 

momentary blood glucose data is estimated to be collected while the participants slept. These 

patterns of waxing and waning glucose at night, therefore appear to effect next day performance.  
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Other Related Variables to Academic Performance   

 In addition to the relations demonstrated between blood glucose and academic performance 

outcomes, a variety of other factors also contributed to performance on academic tasks for 

individuals with T1DM. These variables included, sex, age, identified race, IQ, annual income, 

median income based on zip code, and highest parental education level. Participants reflected a 

diverse sample that ranged in socioeconomic status. Accordingly, more than half of the participants 

were from underrepresented backgrounds. More than half of the participants were Latino/a or other 

minority group. Further, self-reported income levels ranged from $10,000 to $100,00 or more, with 

the median household income determined via zip code being $48,510 (range $25,811 to $84,796). 

Families who are low resourced may have limited access to optimal diabetes care. Other researchers 

have found that greater affluence, occupation, and education are associated with increased risk for 

development of T1DM (Liese et al., 2012).  

Limitations 

 Sample. One key limitation of this study was that the sample population was selected from a 

larger study. Accordingly, the parent study focused on different research questions, that did not 

necessitate leaving the CGM on the participant during the neurobehavioral evaluation, nor did it 

require the examiner to record the exact time of task completion. Thus, leaving the CGM on the 

participant and the documentation of exact times of task completion did not begin until mid-way 

through the study. Further, although this study had the main components (CGM, WJ-ACH, Writing 

CBM) needed to answer the questions within this study, data regarding history that may have been 

useful (i.e., severity of past hypoglycemic episodes, frequency of hypoglycemia or hyperglycemia 

at younger ages), were not collected (Hannonen et al., 2003).  
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 Data points. Due to gaps in the CGM sensor readings for some participants, multiple 

participants had missing data either prior to or during the evaluation. Participants with missing data 

during the entire evaluation were deleted listwise. Other statistical procedures may have been able 

to account for the missing data so that those participants would not have been excluded. In addition, 

missing glucose data during the twelve hours prior to the assessment may have caused metric 

values, such as percent of time, number of episodes, and length of longest episode, to be under or 

overestimated based on how many hours of data were missing, which could have an impact on the 

relationship between the glucose metrics and academic performance. Different statistical analyses 

would also have allowed for all metrics of glucose to be examined simultaneously to determine their 

relative contribution in predicting academic performance.    

 Number of participants. Although a strength of the study was the emphasis on naturalistic 

glucose levels, another limitation pertained to the fact that there were a limited number of 

individuals who displayed hypoglycemic glucose levels during, or prior to testing. With this sample 

having only a small group experiencing hypoglycemia, the effects of low blood sugars, particular 

during task performance, was difficult to discern.   

Blinded glucose values. In the current study, the evaluator and participant were blind to the 

participant’s current glucose levels, unless the participant opted to check his or her blood sugars. 

However, with the use of a CGM, researchers have the ability to monitor and track glucose levels 

over time, while children and adolescents’ complete academic tasks in the natural environment. In 

other studies glucose levels have not been blind to the researchers and therefore they have the 

ability to assess participants when their blood sugars are within the specifically studied range (e.g. 

hypoglycemic) and/or wait for administration of tasks until participants’ glucose levels are within 

the target range.  Even though the current study was not able to fully capture the impact of 
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hypoglycemia on performance, other studies suggest that neurobehavioral performance deteriorates 

during varied levels of hypoglycemia and that it is best to allow recovery time from hypoglycemic 

events prior to performance evaluation (Cox, Gonder-Frederick, Schroeder, Cryer, & Clarke, 1993; 

Gonder-Frederick, Cox, Driesen, Ryan, & Clarke, 1994).Therefore, use of an unblended CGM can 

assist in tracking potential deteriorations due to glucose variability. 

 Other potentially influential factors. Additionally, since evaluations took place at a time 

of convenience for participants, time could also be a factor effecting not only participants’ glucose 

levels but also cognitive functioning.  Research has suggested that time of day may impact 

cognitive functioning, depending on what time of day each participant functions at an optimal level 

(Blake, 1967; Weith & Zacks, 2011). For example, if an individual is tired during the evaluation, 

possibly from waking up early, he or she may not function at an optimal level, and therefore, could 

display poorer academic abilities with fluency being most impacted. Moreover, it is important to 

consider the impact that the hours leading up to performance can have on one’s execution of the 

task depending on the activities such as eating and exercising prior to the expected time of 

performance. Research has further shown that food consumption, exercise, and sleep may each 

impact glucose level, which may cause glucose to shift from the target range to suboptimal levels 

(American Diabetes Association, 2015b; Holmes, Cant, Fox, Lampert, & Greer, 1999). Therefore, 

these activities prior to evaluation could affect the participant’s ability to perform at an optimal 

level either directly or indirectly via glucose variability.  

 Standardized testing. An additional limitation is the use of standardized test subtest and 

cluster scores as measures of academic performance. Due to standardized measures being 

administered in a one-on-one setting, which is rarely done within the educational setting, the 

participants may have performed better then when working within a classroom. For this reason, it is 
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important to consider in future research using repeated assessments or measurements of actual 

school performance within the naturalistic environment.   

 Glucose correction. One last limitation pertains to allowance for correction of suboptimal 

glucose levels during neurobehavioral evaluation. During the evaluation, participants were allowed 

to frequently check and adjust glucose levels to correct for glucose levels outside of the target 

range. Although not all participants checked their glucose levels during the evaluation, some did 

and made corrections. These glucose level corrections were expected to result in rapid changes to 

glucose level toward more controlled glucose values. With these extreme variations in glucose level 

on the CGM during the time of testing, these individuals may have generated an average glucose 

level during testing that was within the average range; however, this value may not fully represent 

his or her glucose during the evaluation since he or she may have had glucose levels that were 

mostly hypoglycemic or hyperglycemic during testing.  

Implications of Research Findings 

In spite of the multiple limitations, this research adds to the literature and contributes 

pertinent information about the impact of momentary glucose fluctuations on academic task 

performance. Implications for the practices of school psychology indicate the need to ensure 

accommodations for individuals with T1DM, with emphasis on individuals whose glucose levels 

are often within the severe hyperglycemic range, in order for these individuals to perform at their 

optimal levels. For example, since these individuals demonstrate difficulty with reading fluency, 

writing fluency, and spelling, they may benefit from accommodations such as use of a spell 

checker, extra time for reading and writing, decreased amount of written work required to 

demonstrate mastery, and use of larger printed text with fewer words per line, to name a few.   
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Moreover, the data provided support for the notion that individuals whose glucose levels are 

suboptimal during academic performance are also at-risk for exhibiting poorer academic skills. 

Consequently, they may benefit from individualized strategies to better their learning and 

performance, and improve academic skills (Wodrich & Cunningham, 2007; Wodrich, Hasan, & 

Parent, 2011). Individualized strategies for these children and adolescents could include but are not 

limited to use of a keyboard for writing, use of a place holder while reading, and use of alternative 

ways of measuring knowledge when not assessing fluency, such as accepting verbal responses on 

tests rather than written, or having text read to them when not assessing reading fluency skills 

(Mather & Jaffe, 2002; Shapiro, 1996). 

Teachers and other school staff may benefit from this research by better understanding how 

glucose variability impacts academic performance. Additionally, these results demonstrate the 

importance of allowing and encouraging students to check blood glucose levels and administer 

insulin whenever necessary to ensure student’s blood glucose levels are within the target range, or 

recovering from an extreme glucose episode, allowing students to perform at their optimal levels. It 

is important to note that unless youth are wearing an unblinded CGM or test using a glucometer, 

they often do not know their current blood sugars. Lastly, this research serves to help school 

personnel understand the relationship between glucose levels and provide some explanation 

regarding why students with T1DM may display fluctuations in academic abilities and/or 

demonstrate inconsistent performances on academic tasks. Future research needs to examine several 

factors including which accommodations are most effective in buffering the effects of blood 

glucose.
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Appendix A 
  

Flow Chart of Parent Study 

  

      

 

   

 

   

 

   

 

      

  

      

 

Recruitment in clinic  

(Scheduled if interested) 

Recruitment over the phone 

(Scheduled if interested) 

Reminder call about 5 days before enrollment appointment to confirm scheduled 

appointments  

Enrollment Appointment  

(Conducted at clinic; N=111) 

Sleep Study (Polysomnography) 

Co ducted at participa t’s ho e  

Evaluation One 

(Conducted at clinic) 

assigned to condition 

Condition One 

Control (Consistent Sleep) 

Condition Two 

Intervention (Extended Sleep) 

Evaluation Two 

(Conducted at clinic) 
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Appendix B 

Components the Parent Study 

Participation 

Status 

 

Where/How 

 

Components 

Recruitment In Person at 
Clinic 

Appointment 
or 

Over the 
Phone 

 Informed what the study is about 

 Scheduled on Calendar if Interested   

Enrollment At the Clinic  Parent and participant sign consent and assent forms,  

 Parent completes contact sheet, release of information, teacher identification form, personal health 
information form, demographic health interview form, parent trauma form and consent form for 
using the actigraphy and continuous glucose monitor.  

 Participant completes a diabetes family conflict scale, trauma form, and youth life orientation 
questionnaire.  

 CP tanner stage information is collected by a doctor.  

 CP are fitted with an actiwatch, given a tablet programed with a vigilance task, and a CGM.  

 CP are given a meter and strips to use for the duration of the study.  

 CP practices completing the sleep diary and glucose log  

 CP completes an executive functioning computer task (CogState).  

Naturalistic 
Week 

  Complete PVT task daily 

 Complete Sleep Diary Daily 

 Complete Glucose log daily 

 Check BG a minimum of 4 times a day 

 Follow typical sleep schedule 

Sleep Study 
(PSG) 

  The Polysomnography (PSG) measures the activities of the brain while the participant sleeps.  

 Two trained researchers go to the participant’s house 90 to 120 minutes prior to the participant’s 
typical bedtime 

 Attach multiple electrodes to the head, face, and body to measure different components that can 
impact sleep. 

Evaluation 
One 

At the Clinic  Participants complete the following individualized assessments; Woodcock Johnson Tests of 
Achievement – Third Edition, reading CBM, writing CBM, and mathematics CBM, Delis Kaplan 
Verbal Fluency, and CogState (executive functioning computerized assessment) 

 Participants complete six questionnaires asking about school and sleep, weekly time allocation to 
certain activities, diet and exercise, diabetes management, quality of life, and behavioral/social 
emotional well-being.  

 The CGM is downloaded and reinserted  

 The Psychomotor Vigilance Task (PVT) and Actiwatch data are downloaded and given back to 
the participant for use during the second week.  

 Parents completed five questionnaires about their child’s behavior/social emotional well-being, 
diabetes management, sleep habits, mental health, and family conflict 

 A sleep consultation is conducted to discuss the participants current sleep habits and then 
randomly assigns the participant to one of two conditions: control (consistent sleep for average 
number of hours the participant gets each night) and intervention (extend sleep to 10 hours in bed 
to increase sleep a minimum of one hour a night on average). 
 

 For the last 30 participant evaluations conducted, the research team member recorded start and 

stop times of assessments  
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Intervention 
Week 

  Complete PVT task daily 

 Complete Sleep Diary Daily 

 Complete Glucose log daily 

 Check BG a minimum of 4 times a day 

 Follow prescribed sleep schedule 

Evaluation 
Two 

At the Clinic  Participants complete the following individualized assessments; Woodcock Johnson Tests of 
Achievement – Third Edition, reading CBM, writing CBM, and mathematics CBM, Delis Kaplan 
Verbal Fluency, and CogState (executive functioning computerized assessment) 

 Participants complete six questionnaires asking about school and sleep, weekly time allocation to 
certain activities, diet and exercise, diabetes management, quality of life, and behavioral/social 
emotional well-being.  

 The CGM is downloaded and reinserted  

 The Psychomotor Vigilance Task (PVT) and Actiwatch data are downloaded and given back to 
the participant for use during the second week.  

 Parents completed five questionnaires about their child’s behavior/social emotional well-being, 
diabetes management, sleep habits, mental health, and family conflict 

 A consultation was done to discuss how well the participant followed the prescribed sleep 
intervention and the participant was compensated for participation and received an extra 
compensation for following the sleep intervention given.  
 

 For the last 30 participant evaluations conducted, the research team member recorded start and 

stop times of assessments 
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Appendix C 

Writing CBM Instructions and Example 

Instructions Given  

I want you to write a story. I am going to read a sentence to you first, and then I want you to  
write a short story about what happens. You will have 1 minute to think about the story you will 
write and then have 3 minutes to write it. Do your best work. If you don't know how to spell a 
word, you should guess. Are there any questions? 
 
Curriculum Based Measurement: Written Expression Probe  

A girl and her friends were walking thought their neighborhood when... 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

Total Words: _____ Correctly Spelled Words: _____ Correct Writing Sequence: _____ 
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Appendix D 

           

Excluded Participants from Parent Study for Current Study 

 

           

 

           

   

  

 

 

 

  

     

Parent Study 

111 Participants 

28 excluded from current study  

N=19 

CGM worn but no data 

available on night o 

neurobehavioral 

evaluation due to poor 

connection between 

sensor and recorder, or 

not enough glucometer 

checks to calibrate and 

record 

N=2 

Did not wear a 

Medtronic’s CGM 

N=5 

CGM worn but no data 

generated for full week or 

wearing due poor 

connection between 

sensor and recorder, or 

not enough glucometer 

checks to calibrate and 

record 

N=1 

Participant had cognitive 

delay 

N=1 

Did not complete parent 

study or necessary 

components for current 

study 
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Appendix E 

 

Distribution of CGM Averages for Research Question One 

 

 
 

Figure 1. Average blood glucose over the entire neurobehavioral evaluation  
 

 
 

Figure 2. Average blood glucose over the time spent on the Woodcock Johnson Tests of 
Achievement – Third Edition tasks. 
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Figure 3. Average blood glucose over the time spend on the Curriculum Based Measurements 
(Including Written Expression). 
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Appendix F 

 

Distributions of Research Question Three Glucose Metrics for Only Participants Who 

Experienced an Extreme Glucose Episode 

 

 
 

Figure 4. Average blood glucose of the closest hyperglycemic episode to performance.  
 

 
 

Figure 5. Average blood glucose of the closest hypoglycemic episode to performance. 
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Figure 6. Time since most recent hyperglycemic episode prior to performance (Recovery Time). 
 

 
 

Figure 7. Time since most recent hypoglycemic episode prior to performance (Recovery Time). 
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Figure 8. Number of hyperglycemic episodes over 12 hours prior to performance. 
 

 
 

Figure 9. Number of hypoglycemic episodes over 12 hours prior to performance. 
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Figure 10. Percent of time over 12 hours prior to performance spent in a hyperglycemic state. 
 

 
 

Figure 11. Percent of time over 12 hours prior to performance spent in a hypoglycemic state. 
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Figure 12. Number of minutes spent hyperglycemic over the 12 hours prior to performance. 
 

 
 

Figure 13. Number of minutes spent hypoglycemic over the 12 hours prior to performance. 
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Figure 14. Length of longest hyperglycemic episode during 12 hours prior to performance. 
 

 
 

Figure 15. Length of longest hypoglycemic episode during 12 hours prior to performance. 
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Appendix G 

 

Feedback for Working with Children and Adolescents with Type 1 Diabetes Mellitus 
 
Teachers 

Children with Type 1 Diabetes Mellitus (T1DM) are required to frequently check their 
blood sugar levels in order to maintain stable blood glucose and function at his or her optimal 
level. The current study demonstrates the impact of extreme glucose levels on academic 
performance. With the current research on the impacts of extreme glucose levels on academic 
performance, a variety of accommodations should be considered and provided for these 
individuals.  
 
Accommodations 

 Reading Fluency  
o Extra time for assignments that require reading or reading activities 
o If student is not assessed on fluency allow text to be read to the student so fluency 

cannot impact comprehension 
o Provide larger printed text, with lest words per line 
o Allow use of a place holder (bookmark to keep track of where reading) 

 Writing Fluency  
o Allow extra time for completion of writing tasks 
o Allow students to verbally show knowledge rather than write answers down 
o Decrease the amount of work required if mastery can be shown in fewer problems 
o Allow use of keyboard or word processor 

 Spelling  
o Allow use of spell checker 
o Use of dictionary 
o Decrease the number of spelling words expected on weekly tests 
o Work that is assessing other areas, such as expression, should not be penalized for 

spelling. 
  

Warning signs of potentially low or high blood sugar (if these observed encourage blood sugar 

check) 

 Slowed oral reading – not fluent reading may be choppy 

 Slowed writing – not fluid writing. 

 Difficulty with spelling words expected to know 
 
Parents 

 With glucose levels fluctuating it is important to be aware that if a teacher reports 
specific skills or behavior of your child, this performance may vary from what is typically seen 
within the home setting due to on glucose variability. For instance, if one’s blood glucose level is 
in target range in one setting and out of the target range in the other setting, performance on 
academic tasks may vary between settings, leading to different interpretations of the child’s 
abilities.  
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 When a child with T1DM is working on homework, it is important to be aware of the 
following academic behaviors that may indicate extreme glucose levels (hypoglycemia or 
hyperglycemia) 

 Slowed oral reading rate 

 Difficulty with spelling words they have previously spelt accurately 

 More time spent on writing assignments than usual.  
 

Clinicians 

 When a child or adolescent is high or low it impacts his or her academic skills, of 
reading, writing, and math. Based off of this information, it could be concluded that since a 
combination of these academic skills are needed in order to successfully manage blood glucose, 
these individuals may have difficulty independently and accurately managing his or her blood 
sugar levels. For example, if an individual has difficulty with math when sugar levels are high or 
low, this difficulty may translate to inaccurate measurement of insulin for correct of extreme 
glucose states. 
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	Abstract
	Chapter One
	T1DM and School Success
	Youth spend roughly 35 hours a week within a classroom, yet little research is conducted on performance in academic settings for those with T1DM. Published literature reviews have suggested that the gap may be due to most research on diabetes being ge...
	Definitions of Terms
	Retinopathy: damage or disease of the retina that can lead to impairments or loss of vision.
	Microalbuminuria: A moderate increase in urine albumin level, which happens when the kidneys leak small amounts of albumin into the urine.
	Diabetic Nephropathy: Also known as Diabetic Kidney Disease, which is when the kidneys’ filtering system is damaged, due to complications with diabetes.
	Neuropathy: damage or dysfunction to one or more peripheral nerves.
	Diabetic Ketoacidosis: Develops when one’s insulin levels are incredibly low. When one has low insulin levels, glucose cannot enter the body’s cells to produce energy, which causes blood glucose levels to rise and the body to break down fat for energ...
	Hyperglycemic Hyperosmolar Syndrome: Occurs when an individual’s body produces insulin but it does not work properly, which can cause blood glucose levels to become incredibly high over 600mg/dl. Although there is glucose in the body, since it is not...
	Continuous Glucose Monitor: A two-part device, which uses a sensor that is placed subcutaneously to read glucose levels through the interstitial fluid under the skin every five minutes, with values archived on the recorder. The unit once downloaded p...
	Target Range: Glucose levels for an individual with T1DM between the values of 80mg/dl and 130 mg/dl.
	Hyperglycemia: Abnormally high glucose levels with values are above 180mg/dl.
	Extreme Hyperglycemia: Glucose levels with values above 200mg/dl.
	Hypoglycemia: Abnormally low glucose levels with values below 70mg/dl
	Chapter Two
	Type 1 Diabetes
	Despite the benefits of intensive therapy, there are a number of risk factors and health consequences associated with hyper- and hypoglycemia. For hypoglycemia some risk factors during or post hypoglycemic episode include, anxiety, irritability, dizzi...
	Cognitive Functioning and T1DM
	Visuospatial abilities. Visuospatial abilities are linked to success in mathematics, specifically more abstract problem solving. Solving these problems requires thinking in visual patterns and manipulating and transforming information to find an answe...
	Attention. Abilities to attend are essential in all areas of academics. In order to remain on task and continue through a task, one needs to pay attention to what he or she is doing. Attention is required for a number of things, including reading a pa...
	Memory. Memory is linked to multiple academic domains, including reading, writing, and mathematics. Tasks including, but not limited to, reading comprehension, math calculations, and writing essays require individuals to encode, store, and later retri...
	Motor skills. Motor speed and control are linked to the academic domain of writing. Any component of a task that requires an individual to use fine motor skills to write, such as essays and written answers, require motor control. Motor speed is needed...
	Executive functioning. Executive functioning (EF) abilities are linked to all academic domains. Although reading, writing, and mathematics differ from one another, the EF processes of planning, self-monitoring, and impulse control, to name a few, are ...
	Academics and T1DM
	Success in academics relies on one’s cognitive abilities, therefore many neuroanatomical differences and neuropsychological deficits exhibited in individuals with T1DM likely impact these individuals’ school success (Kucera & Sullivan, 2011). Many stu...
	Summary and Conclusions
	Chapter Three
	Participants
	The participants were part of a larger study that examined the potential benefit of a sleep intervention on glucose control for children and adolescents with T1DM as well as multiple other school outcomes. The parent study final enrollment number was...
	Measures
	All of the data were collected as part of a larger clinical trial. The measures discussed are those relevant to this particular study. In addition to the measures below, participants were asked what grade they were currently enrolled in.
	Continuous glucose monitor. Participants wore a continuous glucose monitor (CGM), to record on a frequent basis blood glucose levels throughout the study. The CGM has two parts, the first is the soft sensor, which is inserted under the skin and measur...
	The specific CGM device used, Medtronic iPro-2, is blinded so that participants did not have access to CGM data while wearing it. By using a blinded CGM, this prevented the participants from changing their current glucose management routine based on r...
	Woodcock Johnson Tests of Achievement – Third Edition.  Participants completed seven or eight subtests on the Woodcock Johnson Tests of Achievement –Third Edition (WJ-III ACH) in the academic areas of reading, writing, and math. Certain subtests are g...
	Reading. The three subtests used on the WJ-III ACH to assess reading skills were Letter-Word Identification, Reading Fluency, and Passage Comprehension. The Letter-Word Identification subtest assesses participants’ word identification skills by having...
	Mathematics. The three subtests used on the WJ-III ACH to assess mathematics skills were Calculation, Math Fluency, and Applied Problems. The Calculation subtest assesses participants’ ability to perform math computations without the use of a calculat...
	Writing. The two subtests used on the WJ-III ACH to assess writing skills were Spelling and Writing Fluency. The Spelling subtest assesses participants’ ability to write orally presented words correctly by having them spell dictated words of increasin...
	Academics. The WJ-III ACH also generates two overall academic cluster scores. The first is the Academic Skills cluster, which is a combination of the Spelling, Calculation, and Letter-Word Identification subtests and is an overall measure of basic ski...
	Writing curriculum-based Measurement. Participants completed a writing curriculum based measurement (CBM; Appendix C). The writing CBM’s varied in difficulty to match skills required at different grade levels and were administered based on age of the ...
	Wechsler Abbreviated Intelligence Scale, Second Edition. Participants completed all four subtests on the Wechsler Abbreviated Intelligence Scale, Second Edition (WASI-II). These four subtests were used to generate a general intelligence score (FSIQ) a...
	Demographic and Health Interview. Participant parents competed this questionnaire at the enrollment appointment. Specific questions related to race and ethnicity (what race/ethnicity do you consider your child to be?), learning disability (has your ch...
	Medical Records. Participant’s medical records were reviewed by a trained research team member. Values collected through the medical record review, were closest HbA1c value pre and post enrollment in the study, birth date, and date of diabetes diagnos...
	Medical Examination. Participants completed a brief medical examination with a physician at the enrollment appointment. Current height and weight were obtained at the evaluation and later used to calculate body mass index (BMI) at time of enrollment.
	Procedure
	All procedures were part of a randomized clinical trial, with this study only using part of the collected data from the clinical trial. The main purpose of the randomized clinical trial was to examine the impact of a sleep intervention on diabetic co...
	One week before enrollment in the 12-day-long study, a reminder phone call was made to the family to confirm the scheduled dates of participation. Participants and their parents attended the enrollment appointment approximately five days prior to the ...
	The participant also completed two neurobehavioral evaluations one on the first Saturday or Sunday after enrollment, and a second on the following weekend. The first of these is critical for the current study. During the first appointment, the partici...
	Data Analyses

