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Abstract

Stress is known to negatively affect health and is a potentially serious barrier to diabetes-related
health outcomes. This paper synthesizes what is known about stress and glycemic control among
people with type 1 and type 2 diabetes across the lifespan. Chronic stress—especially in relation to
living with diabetes—was most strongly associated with Alc, particularly among subgroups that
face disproportionate stress, such as minority groups or adolescents/young adults. Mechanisms of
the stress-Alc association include physiological, psychological, behavioral, and environmental
links. Understanding the dimensions of stress as they relate to health in diabetes can be of
significant clinical importance, and interventions targeting mechanisms that either exacerbate or
buffer stress have reported modest improvements in Alc.
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Introduction

Type 1 diabetes (T1D) and type 2 diabetes (T2D) are among the most common chronic
illnesses [1] and have demanding treatment regimens [2] that aim to maintain glycemic
control as close to normal as possible to reduce the risk for microvascular and macrovascular
complications [3-6]. The American Diabetes Association (ADA) recommendations for
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glycemic control are Alc < 7.0 % for adults with T1D and T2D and Alc < 7.5 % for youth
with T1D [2]. Yet for the majority of people with diabetes, glycemic goals are not met.
Between 2007 and 2010, around half of adults with T2D reported Alc < 7.0 % [7], and rates
are even lower among people with T1D: 16 % of youth ages 13-17, 25 % of young adults
ages 18-25, and around 50 % of older adults in the Type 1 Diabetes Exchange in the United
States met glycemic targets [8].

To address the persistent challenge of achieving and maintaining in-range glycemic control
among people with T1D and T2D across the lifespan, a more comprehensive understanding
of the correlates and contributors to glycemic control is needed. The numerous factors
influencing glycemic control include degree of residual beta cell function [9], use of
intensive insulin management [3], use of advanced diabetes management technologies [10,
11], and adherence to treatment recommendations [12]. Another factor that may relate to
glycemic control is stress, which has been broadly linked with risk for poor health outcomes,
including diabetes onset and complications [13, 14]. Indeed, the ADA highlights the central
role of stress (including discrete stressful events, psychosocial stress, and family stress) in
achieving glycemic control targets, especially in the care of youth with T1D [2].

Identifying stress-related mechanisms that are potentially modifiable through interventions
should be prioritized to guide clinical interventions. To meet this need, the current review
aims to (1) describe acute and chronic stress both specifically related to diabetes (e.g.,
diabetes distress) and with origins external to diabetes that relate to the experience of living
with diabetes (e.g., income), (2) summarize the literature on the associations between these
types of stress and Alc, (3) identify potentially modifiable mechanisms and buffers of these
links, and (4) discuss implications for interventions, with a focus on strategies to enhance
resilience to stress. Figure 1 illustrates a conceptual model of associations linking different
dimensions of stress with glycemic outcomes through multi-level, interrelated mechanisms
and buffers. Each of the concepts in the figure is described in this paper.

Dimensions and Types of Stress

This review highlights two primary dimensions of stress, as outlined in Fig. 1: (1) the
contentbeing either directly related to diabetes (e.g., feeling overwhelmed by management
demands) or other stressors in the context of diabetes (e.g., the impact of losing one’s job on
diabetes) and (2) the timing (i.e., acuity or chronicity) of stress. Perceived intensity varies
within each of these dimensions. In line with recent conceptualizations of stress [15] and
diabetes-related distress [16¢¢] as distinct constructs from depression, depressive symptoms
are not included in the scope of this paper’s review of stress and glycemic outcomes.

Diabetes-related Stressors

Acute Diabetes Stressors—Individuals living with diabetes regularly experience
acute stressors related to the pathophysiology or treatment of the condition. Stressful
situations can include discrete blood glucose-related events (e.g., episode of severe
hypoglycemia, diabetic ketoacidosis), treatment changes (e.g., starting on insulin), and the
introduction of a new diabetes management device/technology (e.g., insulin pump,
continuous glucose monitoring [CGM]). Acute stress can increase endogenous glucose
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production and impair glucose utilization; however, data from brief stressful events lasting
only a few minutes and occurring a few hours before sampling suggest that this short-term
process likely does not affect Alc [17]. Brief stressors may not be of significant duration or
intensity to impact Alc, which reflects average glucose over several weeks. Furthermore,
stressful situation-related high or low blood glucose excursions by definition skew the
average glucose level and contribute to higher or lower Alc, respectively, making it difficult
to disentangle the unique role of stress in the glycemic outcome.

Chronic Diabetes Stressors—Diabetes-related stress or distress (DRS) refers to the
emotional stress associated with the ongoing worries, burdens, and concerns that individuals
living with diabetes experience as they manage their condition [16+¢]. DRS is characterized
by feeling frustrated, overwhelmed, and discouraged by the demands of diabetes. For adults
with T2D, the most common areas of DRS involve the treatment regimen and the emotional
burden of diabetes [18], while people with T1D describe feelings of powerlessness,
hypoglycemia, self-management, and eating as areas of greatest stress [19]. The prevalence
of elevated DRS ranges from 20 to 40 % in people with T1D and T2D—these rates tend to
be stable and show little change over time without intervention [20, 21, 22¢]. This speaks to
the chronic and persistent nature of DRS. Several individual characteristics have also been
associated with DRS: younger adults, women, Caucasians, people with less education, and
those with complications are more likely to experience high DRS [19, 23].

Support is accumulating for modest but consistent cross-sectional associations between
elevated DRS and poorer glycemic control in adults with T1D and T2D [24-27, 28¢], which
may be stronger for specific subgroups. For example, in a community sample of people with
T2D, high levels of DRS were associated with Alc only for younger adults; no associations
were found for older adults [29]. Several studies have noted stronger associations between
Alc and stress related to daily regimen or management of diabetes compared to other areas
[19]. For example, elevated regimen-related distress was associated with significantly higher
Alc (approximately 1.0 % more) among rural African-American women with T2D [30]. A
recent systematic review concluded smallto-moderate associations of DRS with glycemic
control among adolescents with T1D [31]; however, mixed findings were reported that may
in part be due to differences in DRS measurement in this age range [22¢].

When the relation between DRS and Alc has been examined longitudinally, two primary
patterns have emerged: (1) baseline DRS does not predict change in Alc over time or vice
versa; however, (2) decreases in DRS have been associated with decreases in Alc in both
observational and intervention studies [25, 32¢, 33]. For example, following a diabetes
education intervention, the average decrease in DRS was associated with a 0.25 % reduction
in Alc [33]. Another study with T1D adults noted a 0.5 SD reduction in regimen distress
was associated with a 0.6 % change in Alc [28+]. Thus, rather than concluding that DRS
impacts glycemic control, current findings suggest that DRS and Alc fluctuate in tandem
over time, possibly through indirect mechanisms such as adherence to diabetes care
behaviors and others (outlined below). Longitudinal research is needed to disentangle the
possible ways in which trajectories of stress and Alc influence one another reciprocally over
time.
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General Stress

In addition to the stress related to living with T1D or T2D, individuals living with diabetes
also experience other life stress, including acute stressors such as a car accident or chronic
stressors such as poverty. Although not directly related to diabetes, the sequelae of these
stressors may play a role in diabetes management or outcomes.

Acute General Stressors—Acute stressors are the most common form of stress. This
type of stress is generally short term and includes responses to demands of the recent past
and anticipated demands of the near future. Acute stress can be measured by assessing
within a specified time period (1) whether an individual has experienced one or more
stressors or (2) perceived degree to which they are experiencing stress.

Most research on acute stress has examined self-reported recent stressful life events. In an
early study with youth with T1D, more family stressors (e.qg., financial, illness, school,
interpersonal) in the previous year were associated with higher Alc [34]. More recent
longitudinal studies found that a7y major life event in the past 3 months (e.g., death/illness
in relative, suspension from school, divorce) was associated with accelerated increases in
Alc [35, 36]. Among adults with T1D, experiencing more recent stressful life events was
associated with worsening glycemic control [37, 38]. For youth with T2D, we identified
only one study, which reported that recent stressful life events were not associated with Alc
[39¢], and no studies were identified that assessed acute stress and Alc in adults with T2D.

Chronic General Stressors—Chronic stress occurs when an individual sees no way
out of a difficult situation with unrelenting pressures lasting extended periods of time.
Although contemporary research has largely emphasized chronic DRS as described above,
some evidence shows a direct association between chronic general stress and glycemic
outcomes. Early research demonstrated strong correlations between chronic, stressful life
events, and Alc in youth and adults with T1D [37, 40, 41], and a more recent study reported
stress to be significantly associated with Alc > 8.5 % among Malaysian women with T2D
[42]. Neighborhood stress (defined as crowded housing and female-headed households with
dependent children and on public assistance) has also been associated with poorer glycemic
control in adults with T2D [43]. Perceived discrimination, including subtle and overt forms
of negative differential treatment, has been used to define chronic stress in the diabetes
literature, possibly to capture stress-related experiences prevalent among ethnic/racial
minorities who are at risk for disparities in diabetes outcomes. Perceived racial
discrimination in healthcare and in other settings has been associated with elevated Alc
values in adults with T2D [44, 45, 46¢°].

Associations Between Diabetes-related and General Stressors

Few studies have examined the relationship between DRS and general stressors (acute or
chronic) to understand how they interact with one another in a cumulative manner in relation
to glycemic control. Among adults with T2D, more acute negative life events and more
chronic stressors have both been linked with subsequent elevated DRS [23]. In the same
study, acute stress interacted with Alc, where the association between higher Alc and the
subsequent increase in DRS was stronger for those also experiencing other acute stressors.
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More work is needed to better understand the likely reciprocal and cumulative associations
among diabetes-related and other life stressors and glycemic control.

Mechanisms and Buffers of the Stress-Alc Association

A considerable body of research has examined mechanisms of the associations among stress
and glycemic control. The pathways by which stress amplifies or buffers the links between
stress and Alc occur on multiple levels: individual physiological, psychological, and health
behavior processes; family and peer relationships; and other environmental and contextual
factors, which are interrelated with one another in addition to their associations with stress
and glycemic outcomes (Fig. 1). This aligns with social-ecological models of health
behaviors and outcomes. For example, the Diabetes Resilience Model [47] describes the
associations of risk factors (including stress) and protective processes in predicting glycemic
control and other outcomes across individual, interpersonal, and environmental systems. It is
important to consider not only factors that amplify the stress-Alc link but also those that
buffer this link, because bolstering individuals’ skills and supportive resources through
interventions has the potential to strengthen one’s ability to respond adaptively to stress and
promote optimal glycemic outcomes. The following paragraphs review recent literature on
the potential mechanisms and buffers of the stress-Alc link. Given individual variations in
stress content, intensity, and timing, the operational definition of stress differs for each study
within each mechanism. The mechanisms are likely to have dynamic relations with one
another, which may also impact stress management and glycemic outcomes. Thus, the
potential role of each pathway depends on the type of stressor and interactions with other
simultaneously occurring processes.

Physiological Links

The allostatic load model of chronic stress may help explain the negative effects of chronic
stress on physical and mental health [48]. “Allostatic load” refers to the cumulative cost of
repeated neuroendocrine responses resulting from chronic stress, which can cause
dysregulation of multiple interrelated physiological systems and lead to a deterioration in
health [49]. The hypothalamic-pituitary adrenal (HPA) axis is sensitive to social context and
emotional input, and perceptions of uncontrollable stressors are hypothesized to activate this
axis [50]; however, no data are currently available that confirm or deny whether this is true
for people with diabetes.

To test the physiological links of the effect of stress on glycemic control, several studies
have implemented experimental paradigms to induce acute stress and assess the effect on
blood glucose and other physiological responses. For example, one study used a driver-
training protocol to elicit mental stress among adults with T1D or T2D (all insulin-treated)
[51]. Participants exhibited increased salivary cortisol and subjective stress perception
during the driving test days, but there was no significant difference in blood glucose levels
on driving days vs. control days. Similarly, in adults with T1D, riding rollercoasters (to
induce acute stress) increased heart rate, blood pressure, and salivary cortisol, but there were
no differences in blood glucose (measured with CGM) [52]. On the other hand, in an
experimental paradigm including a social stress test in adults with T1D, Wiesli and
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colleagues [53] reported significantly delayed decreases in glucose concentrations post-
meal, indicating extended elevations in glucose when stressed (effect was not found when
fasting). Finally, in a small sample of children with T1D playing arousing video games, the
change in blood glucose from videogaming to resting was significantly different than the
change from reading to resting [54]. These findings indicate that acute stress may not have a
direct, physiological effect on glucose levels, but there may be aspects of stressors (e.g.,
controllability, social context) that do play a role in glucose regulation. It may also be that
the types of acute stressors used in these studies may be less salient for people with diabetes,
while diabetes-related acute stressors (e.g., hypoglycemic events) may have a stronger
association with glucose. Indeed, hypoglycemia is associated with a stress response from the
autonomic nervous system [55], and therefore, people with T1D may have stress responses
on a relatively frequent basis when glucose levels drop. Studies using simulated impending
hypoglycemia or induced hypoglycemic events (e.g., with insulin clamps) may be a
promising avenue to evaluate associations of acute diabetes-related stress (physiological and
perceptions) and glucose levels.

Research with individuals without diabetes can help shed light on the associations of stress
with glycemic control, which may have implications for people with diabetes. Foundational
research in this area reported higher Alc among adult male workers without diabetes
exposed to workplace stress (i.e., noise, rotating shifts, overwork) compared to peers not
exposed to those chronic job stressors [56]. In a more recent study of Chinese workers
without diabetes or impaired glucose tolerance, Xu and colleagues [57] reported a
relationship between Alc and job stress in women, but not men. Chronic financial strain
over a 10-year period has also been associated with high Alc levels in African-American
women without diabetes [58]. This research with people without diabetes or impaired
glucose tolerance clearly documents a relation between stress and Alc, which may have
implications for understanding similar associations in people with diabetes.

Individual Psychological and Behavioral Links

At an individual level, a number of mechanisms have been evaluated linking stress and
glycemic outcomes. Psychological experiences related to (but distinct from) stress, such as
depressive symptoms, have been identified as important, potentially modifiable mechanisms
of glycemic outcomes. For example, among adolescents with T1D, the association between
DRS and Alc was exacerbated among those with elevated depressive symptoms [59]. When
DRS, depressive symptoms, and major depression were analyzed simultaneously among
adults with T2D, all the variables predicted glycemic control, yet DRS showed the strongest
associations [60]. Together, these findings suggest that depressive symptoms and DRS may
amplify one another in relation to their links with glycemic control.

On the other hand, there are also psychological processes related to coping and stress
management that may buffer the stress-Alc association. For example, Gonzalez and
colleagues [60] reported that higher perceived control over diabetes management weakened
the link between DRS and Alc. Similarly, in youth with T1D, coping skills including
benefit-finding have been linked with less distress and better glycemic control [61]. Finally,
Yi and colleagues [62] demonstrated that among adults with T1D and T2D with rising stress,
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those with low levels of several positive psychological processes (i.e., selfefficacy, self-
esteem, self-mastery, and optimism) showed a parallel rise in Alc; those with higher levels
of these adaptive skills did not, indicating a “stress-buffering” effect [62].

In addition to psychological processes, health behaviors and self-management skills have
also been evaluated as mechanisms that either amplify or buffer the link between stress and
glycemic outcomes; stress may impede individuals’ ability to engage in self-care behaviors.
For example, among early adolescents with T1D, less frequent engagement in self-care
behaviors mediated the association between more stressful life events and poorer glycemic
control, that is, stressful experiences appeared to interfere with self-care and adversely
impact glycemic control [36]. In contrast, in a study of adults with T2D, changes in
management (diet, exercise, and medication adherence) failed to explain linkages between
DRS and Alc [32¢]. Among both adolescents and adults with T1D and T2D, there is
evidence that higher stress levels may be related to poorer sleep quality [63]. While the
causal pathway to Alc is unclear, poor sleep quality has been linked with suboptimal
diabetes management and glycemic outcomes in people with diabetes [64, 65], suggesting
that this may be a behavioral mechanism worthy of further research in relation to the stress-
Alc association.

Family and Peer Links

Interpersonal relationships have also been evaluated in terms of either amplifying or
reducing the impact of stress on Alc and vice versa. The majority of this research has
emphasized family relationships for youth with T1D. For example, stress in the family
system (e.g., family conflict) has been related to inadequate levels of parental monitoring for
youths’ self-management behaviors, and each has been linked with poorer glycemic control
[66]. A systematic review identified diabetes-related conflict and stress within the family as
risks for poorer glycemic control among youth with T1D [31]. There is some evidence that
peer stress may have implications for glycemic control, although this appears to have a
lesser impact than family-related stress: adolescents with T1D endorsed stress related to
feeling different from their peers, ongoing treatment management, and overprotective
parents [67], but links with Alc were not reported. Berlin and colleagues [68] classified
youth with T1D by the types of stress they indicated most frequently and found that those
who endorsed higher family-related stress had poorer glycemic control than those with
higher interpersonal and peer stress or low overall stress. Thus, while more research is
needed on peer-related stress, family stress related to diabetes appears to be the interpersonal
issue that is most significant for T1D outcomes in youth. More remains to be learned about
these influences in adults or people with T2D.

In contrast, Jaser and Grey [69] reported that child-centered parenting practices and positive
reinforcement for self-management are protective in terms of reducing stress and improving
Alc for youth with T1D, consistent with the Diabetes Resilience Model [47]. Parental
support has also been shown to buffer the impact of stressful life events on Alc in this
population [34]. There is some similar evidence of the benefits of family support in adults
with T1D—and to a lesser degree T2D [70, 71], although the associations with glycemic
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control need further study. Less consistent findings regarding the buffering role of peer
support are available.

Context and Environmental links

As reviewed earlier, cross-sectional studies indicate trends toward poorer glycemic control
among people with and without diabetes who are exposed to more stress in the places they
live or work. However, research evaluating mechanisms linking these stressors with
glycemic outcomes are not yet available. In order to develop interventions to reduce diabetes
disparities and support people with the greatest risk factors, more research to identify and
target modifiable mechanisms linking environmental stressors with glycemic outcomes are
needed.

Clinical Implications

Several intervention studies (primarily among adults with T2D) have demonstrated
improvements in Alc by targeting mechanisms of the stress-Alc link and helping people
respond to stress in more adaptive ways. For example, stress management training that
provided education about the health consequences of stress and taught cognitive-behavioral
skills to recognize and reduce physiological stress levels using relaxation techniques reduced
Alc 0.5 % among adults with T2D [72]. Another study showed that a stress management
program focused on teaching diaphragmatic breathing and progressive muscle relaxation
demonstrated moderate reductions (Cohen’s = 0.73) in Alc [73]. An empowerment-based
group intervention to promote self-management among African-American women with
T2D, which targeted DRS through emotional support, goal-setting, and problem-solving,
resulted in an Alc difference of 0.98 % between the control and intervention periods [74].
Interventions targeting self-management education and support have also demonstrated that
reductions in DRS were linked with improvements in Alc among adults with T2D [33, 75],
for example, Zagarins and colleagues reported an average reduction of 10 points on a
measure of distress was associated with a 0.25 % reduction in Alc [33].

Behavioral interventions for youth with T1D have also targeted psychological, self-
management behavior, and family mechanisms of the stress-Alc association. For example, a
coping skills training intervention for adolescents resulted in an average of 1.6 %
improvement in Alc (from 9.1 to 7.5 % mean Alc) over 1 year through teaching effective
strategies for diabetes management in stressful social situations (e.g., conflict resolution,
social problem solving) [76]. More recently, an internet-based version of the intervention
reduced perceived stress in adolescents with T1D, though effects on Alc were not evident
[77]. With its emphasis on building supportive family involvement in diabetes management
to strength youths” self-management without increasing family conflict (all hypothesized
links of the stress-Alc association), the family teamwork psychoeducational and behavioral
intervention reported a prevention of deterioration in glycemic control among 10-14 year
olds with T1D; the post-intervention change in glycemic control between the intervention
and comparison group was 0.5 % [78]. Building on this approach, Katz et al. [79] report on
adding a para-professional “care ambassador” to deliver a behavioral family intervention and
also provide outreach- and assistance-scheduling appointments; the results included
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preventing deterioration in glycemic control among those youth with Alc = 8.0 % receiving
the care ambassador plus psychoeducational intervention. These related approaches may
have targeted stress and glycemic outcomes by promoting adaptive family processes and
reducing stress related to navigating a complex healthcare system.

Most available interventions targeting stress and glycemic control for people with diabetes
are high-dose, multicomponent interventions that primarily target DRS. While this is largely
justified by literature demonstrating the benefits of intensive behavioral interventions [12,
80] and stronger intervention impact on glycemic control by adapting generic behavioral
intervention approaches to focus on diabetes-specific constructs [81], this combination may
not match the stressors or needs of all people with diabetes [82]. For example, it is possible
that individuals experiencing acute or chronic general stressors might benefit more from
behavioral interventions to target their unique sources of stress than a diabetes-specific
intervention. Stressors related to limited financial resources or insurance coverage or
exposure to serious psychosocial adversity (e.g., abuse, psychiatric disorders) may also be
more appropriately treated by providers with expertise and resources in those specific
domains (e.g., social work, case management, clinical psychology). Among youth with T1D,
pilot data suggest that a more generalized approach to stress management focusing on
general (not disease-specific) stress management skills (e.g., relaxation, goal-setting,
cognitive restructuring) may have the potential to also impact clinical outcomes such as self-
management behaviors and glycemic control [83]. More research is needed to determine
whether general stress interventions are most effective prior to, in combination with, or in
place of diabetes-specific interventions to target general and diabetes-related stress, for
whom, and in what circumstances.

Among interventions focusing on DRS, data from stress interventions targeting outcomes
other than glycemic control suggest that adaptations may be needed to match personal
characteristics and experiences with distress [84]. For example, the dose and format of
intervention delivery may need to vary by the intensity of an individual’s stress and available
resources. Some behavioral strategies, such as breathing and relaxation training, may be
delivered in a single, brief session in a clinic setting, while multicomponent intervention
packages require more time and resources to deliver outside of the medical visit. Individuals
and families experiencing more general stress may have more barriers to attending frequent
intervention sessions, making telehealth approaches a potentially useful avenue to pursue
[85]. More work is needed to determine the most effective and least burdensome approach to
intervention delivery for different types of stress.

Conclusion

Taken together, this review of the literature examining direct and mediated links between
stress and glycemic outcomes in people with T1D and T2D across the lifespan suggests that
higher stress specifically related to the experience of living with diabetes is associated at
least moderately with poorer glycemic control. Given the overlapping role of extreme blood
glucose values in acute DRS and in glycemic outcomes, causality remains uncertain.
However, behavioral, psychological, and family processes that facilitate management of
DRS have been linked with improvements in Alc, suggesting the potential of interventions
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that strengthen positive processes to reduce stress and promote optimal glycemic control.
The strongest evidence exists in youth with T1D and, to a lesser degree,adults with T1D and
T2D. While more research on stress among people with T2D is needed, providers should
consider a variety of diabetes-specific and other stressors that their patients may be
experiencing and be aware of the potential impact on glycemic control.

The reciprocal impact of general stress on diabetes outcomes seems plausible, but the
evidence for mechanisms linking general stressors with glycemic outcomes is sparse.
Moreover, interrelated links between general and diabetes-related stressors complicate
measurement and do not reflect the cumulative nature of chronic stress and its association
with diabetes management over time. Findings may underestimate the role of stress due to
measurement limitations: assessing perceived stress or stressful events during a specified
time period (e.g., 12 months) does not differentiate between general and diabetes-related
events and does not account for acute stressors that may contribute to the onset of chronic
stress. For example, divorce might heighten short-term stress and trigger the onset of chronic
financial strain or persistent familial disruption that interferes with optimal diabetes
management and outcomes. Thus, adapting diabetes-focused stress management
interventions to address not only DRS but also other sources of stress that relate even
indirectly to diabetes management may hold promise for improving glycemic outcomes.
More research is needed to determine the impact of intensive stress-focused interventions on
glycemic outcomes across populations.

This review focused on associations of stress and glycemic control as measured by Alc.
While Alc is considered a key outcome that represents overall diabetes-related health status,
it does capture glycemic variability (i.e., percent of time with blood glucose values within
the target range) or represent hyper- or hypoglycemic events, all of which may relate to
stress. Although there is little available literature on how stress influences or is influenced by
fluctuations or variability in blood glucose, advances in CGM will allow for fine-grained
examinations of in-the-moment associations between acute stressors and glucose variability
and of links between various types of stress and trajectories of glucose values. However, new
technologies may also introduce new stressors, such as the burden of wearing devices,
information overload, intrusive alarms, and difficulties navigating the interpersonal choices
around how, when, and how much to share live glucose data with others (e.g., family,
diabetes care providers). As diabetes management technologies continue to advance, these
issues must be taken into consideration in clinical practice and study design.

Finally, the use of Alc as the only outcome is also limited by recent questions about whether
Alc is an accurate representation of average blood glucose for all people, due to biological
differences in people or different ethnicities, known as the “glycation gap” [86]. Given the
growing and troubling evidence of persistent disparities in diabetes-related outcomes
between various subsets of the population with diabetes (e.g., race/ethnicity, income/
socioeconomic status, health literacy) [87, 88], the need for accurate measurement and
appropriate intervention around both stress and glycemic control for all people with diabetes
remains a top priority.
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