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Aims: The first aim examined the relationship between sleep behaviors (duration, napping,

and social jetlag) and hemoglobin A1c (HbA1c) among emerging young adults (EYAs) with

T1DM between 18 and 25 years old, who are living on a college campus. The second aim

characterized the gender differences in glucose management, sleep behaviors, caffeine

intake, and nighttime technology.

Methods: A cross-sectional study of eligible participants used a convenience sample of eli-

gible participants. Using Research Electronic Data Capture (REDCap), participants com-

pleted surveys about diabetes management, caffeine intake, nighttime technology use,

and sleep-related behaviors. Data were analyzed using correlation and multiple linear

regression to predict HbA1c from sleep behaviors, adjusting for covariates.

Results: Participants (N = 76) average years with T1DM was 10.25 ± 5.70. Compared to

females, males had a longer sleep duration lower HbA1c levels. HbA1c levels were nega-

tively correlated with weekday sleep (r = �0.24, p = 0.03) and positively correlated with nap-

ping (r = 0.34, p = 0.003). After adjusting for covariates, participants who napped had a

higher HbA1c level (b = 0.74, p = 0.03) compared with non-nappers.

Conclusions: Higher HbA1c levels were found among EYAs with T1DM in college who were

nappers and had a longer sleep duration. Modifying sleep behaviors may be an appropriate

target to improve glycemic control.
� 2019 Published by Elsevier B.V.
1. Introduction

Despite scientific advancements in T1DM management over

the past two decades, emerging young adults (EYAs), between

18 and 25 years old, remain one of the age groups with the

highest hemoglobin (HbA1c) levels [1,2]. Only 14% of EYAs
are able to achieve recommended glycemic targets

(HbA1c < 7.0%) [1]. Many EYAs are transitioning from the daily

routine of high school to college with a new found freedoms

and independent living [3]. This transition is filled with possi-

ble lifestyle changes including nutrition, physical activity,

sleep, caffeine intake, and technology use [4]. Furthermore,
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the prevalence of insufficient glycemic control is highest

among 19-year-olds with a mean HbA1c level of 9.2% [1],

which is also the common age of college transition. It is well

known that poor glycemic control is associated with negative

health outcomes such as diabetes ketoacidosis and hastened

cardiovascular disease; thus warranting a need to identify

modifiable lifestyle factors to improve glycemic control

among this high-risk group.

There is a growing body of literature focused on the rela-

tionship between unhealthy sleep behaviors and neurocogni-

tive function [5], elevated HbA1c levels [6], insulin sensitivity

[7], insulin resistance [8–10], cardiovascular disease, and all-

cause mortality [11]. The American Academy of Sleep Medi-

cine recommends at least 7 h of sleep each night for optimal

health among EYAs [12]. Yet, among college students, 70%

report insufficient sleep and 50% report daytime sleepiness

[13]. While there is little evidence of sleep duration and gen-

der differences among college students with T1DM, research-

ers found no gender differences and sleep duration among

adults with type 2 diabetes (T2DM) [14]. Unhealthy sleep

behaviors (duration, napping, and social jetlag) among ado-

lescents may worsen for EYAs in college with erratic daily

schedules and changes in lifestyle. Social jetlag, also referred

to as ‘‘circadian misalignment”, is defined as a as a mismatch

between the sleep–wake schedule and internal circadian tim-

ing. The difference between weekday and weekend sleep–

wake timing often serves as a proxy for the degree of social

jetlag [15]. Among adolescents with T1DM, they had shorter

sleep duration and diminished sleep quality than their peers

without T1DM [16,17]. Conversely, healthy sleep behaviors

reduced the risk of hyperglycemia among adolescents with

T1DM [16]. Variations in sleep duration and sleep timing,

may lead to increased insulin resistance in adults with

T1DM [8–10]. A meta-analysis of sleep and T1DM revealed a

decrease in sleep duration resulted in suboptimal glycemic

control among adults with T1DM [6]. Among late adolescents,

Jaser and Elis found that males who self-reported better sleep

quality had a lower HbA1c, but no difference found among

females [10]. With shorter nighttime sleep durations and dis-

turbances, individuals may counteract by daytime napping

[18]. This alters the circadian rhythm leading to changes in

reduced insulin secretion [19] and insulin resistance [20].

Meta-analyses have shown that daytime napping increases

risk of T2DM and metabolic syndrome [21,22]. Social jetlag,

the discrepancy in hours slept between week and weekend

days, increased HbA1c level among adults with T1DM [23]

and social jetlag >30 min compared to those with <30 min

also increased HbA1c level among adults with T2DM [24]. As

sleep research focuses on adolescents and adults, the EYAs

in college with T1DM are a vulnerable population and

understudied.

There is an emerging evidence demonstrating that

decreased sleep in combination with increased caffeine

intake to battle daytime sleepiness results in unhealthy food

choices [10,25] and poor glucose control [26]. In the United

States, 92% of college students self-reported that they con-

sumed caffeinated beverages over the past year [27], which

is above the national average for adults’ caffeine usage [28].
Among adolescents, increased caffeine intake and late-night

technology use resulted in altered sleep [29,30]. In Sweden,

Mazzer and colleagues found a bi-directional relationship

between self-reported technology use and a shortened sleep

duration among high school students [31]. While college stu-

dents may use technology to offset difficulty sleeping, stu-

dents also consume caffeinated energy drinks to stay awake

[32] and engage in less physical activity [30]. This may further

complicate the management of T1DM as energy drink con-

sumption leads to an increased carbohydrate load and

requires adjustment of insulin regimen [33]. There is a

research gap examining sleep, caffeine intake, and nighttime

technology use simultaneously among EYAs with T1DM living

on college campus.

Themainpurposeof this studywas to examine the relation-

ship between sleep behaviors (duration, napping, and social

jetlag) and HbA1c among EYAs (18–25 years old) with T1DM,

who are living on a college campus. We propose unhealthy

sleep behaviors will be associated with an increase in HbA1c.

We will also characterize the gender differences in glucose

management, sleep behaviors, caffeine intake, and nighttime

technologyuse amongEYAs living ona college campus. Under-

standing sleep behaviors (duration, napping, and social jetlag)

and their relationship with glycemic control among EYAswith

T1DM in college has the potential to inform the research, aca-

demics, and clinical communities. Also, we may have the

potential to develop interventions focused on improvingmod-

ifiable lifestyle factors to improve glycemic control.

2. Subjects, materials and methods

2.1. Participants and procedures

This cross-sectional study used convenience sampling and

enrolled eligible participants through snowballing strategy,

Facebook posts, and the College Diabetes Network (CDN)

newsletter. Between February 2017 and April 2017, research-

ers conducted an electronic survey about socio-demographic

information, diabetes management, caffeine intake, night-

time technology use, and sleep-related behaviors via

Research Electronic Data Capture (REDCap) [34]. Participants

who met the following criteria were enrolled: (a) 18–25 years

old; (b) T1DM diagnosis at least 1 year; (c) currently living on

a college/university campus; (d) enrolled in college courses;

(e) internet access. Once eligibility was determined and

informed consent was signed, researchers sent participants

the survey link via REDCap. Participants received a remuner-

ation of a $10 electronic gift card after completing the sur-

vey. We obtained the Institutional Review Board (IRB)

approval from our University before study initiation.

2.2. Measures

Participants self-reported their last HbA1c level from their

healthcare provider’s office to indicate the extent of diabetes

management. According to the American Diabetes Associa-

tion, undesirable glycemic control for the EYA age group is

defined as HbA1c level �7% [35].
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2.2.1. Adolescent Sleep, Caffeine Intake, and Technology Use�
Participants completed the Adolescent Sleep, Caffeine Intake,

and Technology Use� (ASCT) questionnaire. The ASCT� is a

36item, 3concept instrument that takes approximately 10–

15 min to complete and assesses caffeine intake, nighttime

media-related technology use, and sleep behaviors [36]. Orig-

inal content and face validity were established by using 5

sleep experts to judge the relevancy of each item to the intent

of the questionnaire [29]. The ACST�was originally designed

for adolescents, thus the primary author, with permission,

modified the ACST for EYAs. The sleep behaviors include

weekday and weekend sleep schedules (bedtime and wake

time), sleep duration, napping on weekdays and weekends,

and the number of nights having difficult to fall asleep per

week. For the technology concept, participants were asked

the report the average amount of time they use technological

devices (I-pad, TV, computer, etc.) after 9 pm. For caffeine

intake, the ACST� instrument included pictures of various

sizes of caffeinated beverages including tea, coffee, sodas,

and energy drinks, candy and bars.

Napping behavior was recoded into a dummy variable rep-

resenting nappers who took at least one nap on weekdays or

weekends and non-nappers. Researchers calculated social

jetlag from the absolute difference between the midpoint of

habitual bedtime and wake-time on school nights and that

on weekend nights [15]. Participants also self-reported their

average daily caffeinated products that included the ounces

consumed and the count each. From this data, researchers

calculated daily total caffeine intake. Technology use was a

self-report of the total in number of hours/minutes among

all technology in an average day after 9 pm. This was then

transformed into a technology index and a higher index indi-

cates more technology use. Detailed procedures for caffeine

calculation and technology index have been described else-

where [29].

2.2.2. Covariates
Participants self-reported sociodemographic information

such as age, gender and race/ethnicity. We also considered

the method of insulin administration (injection or pump),

the number of years with diagnosed T1DM as covariates in

this study.

2.3. Statistical analyses

Descriptive statistics were used to characterize glucose man-

agement, sleep behaviors, caffeine intake, and nighttime

technology, and all covariates. At the bivariate level, gender

differences in age, years with T1DM, sleep duration (weekday

and weekend), social jetlag, caffeine intake, and nighttime

technology use index and were compared using t-tests. Chi-

squared tests were performed to compare race/ethnicity,

insulin administration, and napping behavior between gen-

der groups. Pearson or Spearman correlation coefficients were

used to evaluate associations between sleep variables and

HbA1c. Multiple linear regression was used to estimate the

predictive effects of sleep behaviors on HbA1c adjusting for
age, gender, race, nighttime technology use, caffeine intake,

insulin administration and years with T1DM. Sleep variables

entered the regression model simultaneously because

collinearity was not problematic (all VIF < 1.49). All analyses

were conducted using STATA 14.0 using a = 0.05.

3. Results

3.1. Sample characteristics and gender differences

Of the 84 respondents who completed the study, 8 were

excluded because of reporting a HbA1c level more than six

months before completing the survey. The final data set was

comprised of 76 EYAs; 24.32% of the participants were women

(n = 18). Mean participant age was 20.41 ± 1.64 years. Partici-

pants were diagnosed with T1DM for 10.25 ± 5.70 years on

average, with a majority using an insulin pump (n = 69,

90.79%)). In terms of sleep behaviors, participants slept 7.82

± 1.30 h per night on weekdays and 8.36 ± 1.21 h on weekends.

A total of 49 (64.47%) respondents self-reported napping at

least once on either weekdays or weekends. Most of the par-

ticipants had a later sleep phase during weekends, and the

absolute difference in midpoints of nighttime sleep between

weekdays and weekends was 1.62 ± 0.87 h.

Table 1 presents sample characteristics by gender. There

were significant overall differences (p < 0.01) between women

and men with respect to age, insulin administration and

HbA1C values (t = 8.03, p = 0.01). Specifically, men were signif-

icantly older (t = 4.60, p = 0.03) and reported lower HbA1C

than females in our sample, and the prevalence of insulin

pump usage was higher among women (v2(1) = 7.37, p = 0.01).

3.2. Sleep behaviors, caffeine intake, and nighttime
technology use and HbA1c associations

Table 2 presents the pairwise correlations among sleep dura-

tion, social jetlag, napping, and HbA1c. While sleep duration

on weekdays showed a moderate positive correction with

sleep duration on weekends (r = 0.33, p = 0.003), napping

behavior was significantly correlated with social jetlag

(r = 2.28, p = 0.01) and technology use index (r = 0.23,

p = 0.04). Other pairwise correlations among sleep behaviors

were not significant. In terms of HbA1c values, there was a

negative correlation with sleep duration on weekdays

(r = �0.24, p = 0.03) and a positive correlation with napping

on either weekdays or weekends (r = 0.31, p = 0.003).

As shown in the adjusted model (Table 3), the relationship

of sleep duration on weekdays and napping behaviors with

HbA1c values remain significant after controlling for covari-

ates. Specifically, there was a trend towards increasing HbA1c

with decreasing sleep duration on weekdays (b = �0.25,

p = 0.04). Compared with non-nappers, participants who

self-reported napping behaviors also had higher HbA1c val-

ues (b = 0.74, p = 0.03). In contrast, weekend sleep duration

and social jetlag was not a significant predictor of HbA1c.

Daily caffeine intake and nighttime technology use were not

significantly associated with HbA1c.



Table 1 – Sample characteristics of EYAsa with T1DMb in college by gender groups (n = 76).

Total Women Men v2/tc

Age 20.41 ± 1.64 20.13 ± 1.49 21.00 ± 1.50 4.69*

Race 1.76
Non-white 5 6.76%) 0(0%) 5(9.09%)
White 69(93.24%) 18(100%) 50(90.91%)

Insulin administration 7.37**

Injection 20(26.32%) 10(17.86%) 9(50.00%)
Pump 56(73.68%) 46(82.14%) 9(50.00%)

Years of T1DM 10.25 ± 5.70 10.41 ± 5.40 9.83 ± 6.40 0.14
Sleep Duration: (hours)

Weekday 7.82 ± 1.30 7.71 ± 1.11 8.00 ± 1.75 0.67
Weekend 8.36 ± 1.21 8.32 ± 1.11 8.39 ± 1.54 0.04

Social Jetlag (hours) 1.62 ± 0.87 1.66 ± 0.90 1.72 ± 0.75 0.07
Napping 2.31

Non-napper 26(35.14%) 9(50%) 17(30.36%)
Napper 48(64.86%) 9(50%) 39(69.64%)

Caffeine Intake (mg) 265.28 ± 202.095 344.15 ± 259.87 238.49 ± 173.26 3.82
Technology Use Index 0.88 ± 0.48 0.93 ± 0.48 0.69 ± 0.45 3.65
HbA1C (%; mmol/mol) 7.43 ± 1.30; 58 7.68 ± 1.20; 60 6.74 ± 1.30; 50 8.03**

Note. Data were provided as n (%) or mean ± standard deviation.
a EYAs: emerging young adults.
b T1DM: Type 1 diabetes mellitus.
c v2 test was used for categorical variables and t-test was used for continuous variables.
* p < 0.05.
** p < 0.01.

Table 2 – Correlation coefficients between HbA1c and sleep variables among EYAsa with T1DMb in college (n = 76).

HbA1c Weekday sleep duration Weekend sleep duration Social jetlag Nap Caffeine intake

Weekday sleep duration �0.24*

Weekend sleep duration �0.02 0.33**

Social jetlag �0.02 �0.05 0.001
Napc 0.31** �0.21 �0.12 0.28**

Caffeine intake 0.04 0.04 0.15 0.001 �0.19
Technology use index 0.23 �0.18 �0.08 0.03 0.23* �0.07
a EYAs: emerging young adults.
b T1DM: Type 1 diabetes mellitus.
c Data provided were Pearson correlation coefficients, except the correlation of napping with other variables (Spearman correlation)
* p < 0.05.
** p < 0.01.
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4. Discussion/conclusion

This study examined the relationships between sleep behav-

iors (duration, napping, and social jetlag) and, caffeine intake,

and nighttime technology use among EYAs with T1DM in col-

lege and its effect on HbA1c. In this sample of college stu-

dents with T1DM, more females managed their diabetes

using an insulin pump and had a statistically higher HbA1c

level compared to their male counterparts. No statistically

significant gender differences were found in sleep-related

behaviors or nighttime technology use. However, college

males had longer sleep duration (weekdays and weekends)

and increased napping behaviors and social jetlag, but used

less technology compared to college females. In this sample,

we found that college students with T1DM self-reported lower

HbA1c levels when they had longer weekday sleep duration.

In addition, those who self-reported napping behaviors dur-
ing the week or weekend had higher HbA1c levels compared

to non-nappers. After controlling for demographic variables

and factors altering sleep behaviors such a caffeine and

nighttime technology use, we found that EYAs who self-

reported a longer sleep duration on weekdays had lower

HbA1c levels. Although this study focused on a unique popu-

lation of EYAs living on college campus, other studies found

similar results in the adolescent and adult population with

T1DM with suboptimal glucose control and increased HbA1c

with decreased sleep duration [6,37].

Alterations in sleep patterns may change during their col-

lege campus living due to erratic schedules and new found

independence [3,4,38]. According to the Centers for Disease

Control and Prevention (CDC), in the Unites States, 32% of

EYA’s (18–24 years old) sleep less than 7 h per night and

among all adults there is a higher prevalence of shorter sleep

duration among non-Caucasians [39]. Our study revealed that



Table 3 – Adjusted linear regression model for Hemoglobin A1c among EYAsa with T1DMb in college (n = 70c).

Variables b (se) P 95% CI

Age �0.28 (0.11) 0.02* (�0.50, �0.05)
Raced 0.16 (0.59) 0.79 (�1.02, 1.33)
Gendere 0.76 (0.37) 0.047* (0.01, 1.50)
Insulin Administration �0.29 (0.36) 0.42 (�1.01, 0.43)
Years of T1DM 0.02 (0.03) 0.61 (�0.04, 0.07)
Weekday sleep Duration �0.25 (0.12) 0.04* (�0.49, �0.01)
Weekend Sleep Duration 0.14 (0.13) 0.28 (�0.12, 0.41)
Social Jetlag �0.17 (0.18) 0.35 (�0.52, 0.19)
Napf 0.74 (0.33) 0.03* (0.09, 1.40)
Caffeine Intake 0.001 (0.001) 0.10 (�0.001, 0.003)
Technology Use Index 0.001 (0.04) 0.95 (�0.08, 0.08)
a EYAs: emerging young adults.
b T1DM: Type 1 diabetes mellitus.
c Only participants with complete data on predictors and all covariates were included in the regression model.
d Race: the reference group is non-white.
e Gender: the reference group is female.
f Nap: the reference group is non-napper; se = standard deviation.
* p < 0.05.
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college males had a longer weekend sleep duration compared

to females. In contrast to our findings, researchers found no

gender differences among adolescents and young adults

(13–20 years old) with T1DM [10]. Compared to the CDC

national data, participants in this study had a longer sleep

duration. Furthermore, our sample’s average HbA1c (7.43

± 1.30; 58) was only slightly above recommended American

Diabetes Association 2018 guidelines [35], but lower than

other HbA1c levels reported in the literature (8.4 ± 1.7; 69)

[2]. These findings are likely due to the sampling design

method of recruitment via the CDN. The College Diabetes

Network is a non-profit organization that focuses on provid-

ing college students with peer support with local chapters

on campus. Previous research has shown that CDN members

may be more involved in their own diabetes management,

particularly if they have a peer-led CDN chapter on their

respective college campus [38].

Sleep research is growing as some studies have found that

sleep behaviors impact one’s physical and mental health.

Sleep disturbance rates are much higher among those with

T1DM, compared to thosewithout T1DM [40]. Unhealthy sleep

behaviors among individuals with T1DM are associated with

insulin resistance [8,9], insulin sensitivity [7], and undesired

glycemic control [6,17]. Specifically, decreased sleep duration

among the adolescent and adult population with T1DM was

associated with suboptimal glucose control and increased

HbA1c [6,37]. Our results are consistent among EYAs with

T1DM in college who self-reported a longer sleep duration

on weekdays had lower HbA1c levels. While prior research

illustrates conflicting results of sleep behaviors and gender

differences [10,14,41,42]. A study of college students in medi-

cal school found males to have a poor sleep and use smart-

phone apps more than females [41]. Results from the

National Longitudinal Study of Adolescent to Adult Health

(Add Health) indicated that longer sleep duration had higher

levels of C-reactive protein in males [42]. Our results found

no statistical gender differences among college students with

T1DM, however, males self-reported longer sleep duration
(weekdays and weekends) and increased napping and social

jetlag. Also, social jetlag was associated with an increase in

HbA1c among adults with T1DM [43] and T2DM [24]. On the

other hand, our results found no relationship between HbA1c

levels and weekend sleep duration and social jetlag among

college students with T1DM. The discrepancies between our

finding and previous studies [24,43] could be due to our small

sample size and lack of statistical power. Thus, more research

with a larger sample size is warranted.

Napping has been considered as a compensation for night-

time sleep deficiencies or a risk factor for poor nocturnal

sleep [18,44]. Our findings consistently suggested that nap-

ping behavior was associated with a decreasing amount of

weekday and weekend sleep at night, although the correla-

tions showed a lack of statistical significance. While prior

research generally indicated the neurocognitive benefits of

napping behaviors [45], napping may exert a negative impact

on metabolic health [5]. We found that college students with

T1DM who reported napping on weekday/weekend had sig-

nificantly higher HbA1c values. Evidence is sparse regarding

napping and glycemic control among individuals with

T1DM. However, our findings are in line with recent meta-

analyses that showed an increased risk for prevalent and/or

incident T2DM or metabolic syndrome among daytime nap-

pers compared with non-nappers [21,22]. The mechanism

underlying the relationship between napping and glucose

metabolism is not well understood. Napping may lead to dis-

rupted circadian rhythms, thus altering glucose tolerance and

reducing insulin secretion [19]. Daytime napping has also

been linked to elevated evening cortisol levels [46], which

may further result in insulin resistance [20]. Our findings rep-

resent the initial step to understanding the role of napping,

independent of nighttime sleep duration, in glycemic control

among EYAs with T1DM.

In a longitudinal national study, young adults (19–30 years

old) had an average caffeine intake of 122.1 mg/day with the

highest 90th percentile having a 285.9 mg/day intake [28].

Our results were similar to the highest 90th percentile of
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young adult, college students with T1DM who consumed a

caffeine average of 265 mg/day. In our sample, we did not find

a relationship between HbA1c levels and caffeine intake. The

research is inconsistent in the relationship between HbA1c

levels and caffeine consumption. Dewar and Heuberger con-

ducted a meta-analysis including those with T1DM and

T2DM and found 5 of the 7 studies suggested that caffeine

increases glucose levels among adults, however 2 other stud-

ies found no difference in glucose levels [47]. Students who

consume caffeine to stay awake have been found to have an

increase in nighttime technology use, leading to further sleep

deprivation [31]. College students who with a shorter sleep

duration less than 6 h were found to have increased technol-

ogy use as compared to students with a longer sleep duration

greater than 9 h [30] and smartphone addiction was also asso-

ciated with poor sleep quality, anxiety, and depression [41].

Similarly, our study found that college students with T1DM

who napped more had an increase use of nighttime

technology.

Using an electronic survey was economical and fostered

national representation. Predominately Caucasianmales with

T1DM in college completed the study survey. Self-reported

HbA1c levels may be associated with recall bias or response

bias. This study used a cross-sectional design with a small

sample, so we cannot make causal inferences. Furthermore,

the CDN assisted with enrolling participants, which may

account for a slightly lower HbA1c than usually found among

this age group. Thus, caution when generalizing results to all

EYAs with T1DM in college. We did not assess if the partici-

pant has other sleep conditions such as obstructive sleep

apnea or take medications that may impact sleep behaviors.

As with all anonymous survey data collection, the participant

is an unidentified and may not have the medical condition

being studied such as T1DM.

4.1. Summary and recommendations

In summary, researchers found an inverse relationship

between sleep duration and HbA1c among EYAs with T1DM

in college. Napping on weekdays or weekends worsened

HbA1c levels in this college sample. Compared to females,

males with T1DM in college had a longer sleep duration.

These results indicate that modifying sleep behaviors may

improve glycemic control. Maintaining healthy sleep patterns

may be difficult when living on a college campus, but impor-

tant for diabetes management among those with T1DM.

Healthcare providers should incorporate sleep behaviors

and their impact on diabetes management at clinical visits

and educational sessions. In addition, healthcare providers

should understand that EYAs with T1DM in college are extre-

mely vulnerable as they have the highest HbA1c levels and

are managing their diabetes in the complexity of college

living.

More sleep research is needed with exact measurements

for sleep such as actigraphy in conjunction with other sleep

surveys. Researchers should take into consideration the

amount of support available at a university or college for EYAs

with T1DM in college such as a peer-led university-based

chapter of CDN. Research focusing on sleep interventions that

would promote healthy sleep behaviors may improve dia-
betes management and further prevent the sequela related

to poor glucose control.
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