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ARTICLE INFO ABSTRACT

Keywords: Background: Type 2 diabetes mellitus (T2DM) is a major public health problem in the United States. Although
Type II diabetes mellitus cardiovascular autonomic functioning, blood glucose control, and inflammation are known to play a role in
Trauma

T2DM, the interaction between these variables remains largely unexplored, particularly in the context of stress. To
address this gap, we examined the relationship between these variables in a sample that is uniquely vulnerable to
the health consequences of T2DM.

Methods: Participants were 37 trauma-exposed Black women with a diagnosis of T2DM. High frequency heart rate
variability (HF-HRV), blood glucose control (HbAlc), and a stressor-evoked biomarker of inflammation (inter-
leukin 6; IL-6) were obtained as part of a larger study of the genetic risk factors for and consequences of trauma
exposure.

Results: The interaction of HbAlc and HF-HRV was significantly associated with IL-6 response calculated as area
under the curve with respect to ground. Post-hoc simple slopes analyses revealed HbAlc, rather than HF-HRYV, as
the moderator in this association such that higher HF-HRV conferred higher circulating levels of IL-6 only in the
presence of lower HbAlc, (f = 0.60, t = 3.51, p = .001).

Conclusions: Cardiovascular autonomic functioning and blood glucose control were significantly associated with
stressor-evoked IL-6 responses when controlling for BMI and age. Moreover, the association between cardio-
vascular autonomic functioning and inflammation varied at different levels of HbAlc. This highlights the pos-
sibility that individuals with trauma exposure and T2DM may benefit from stratification by HbAlc levels for
research analysis and treatment decision making.

Blood glucose control
Inflammation
Heart rate variability

1. Introduction health concern in the United States (Geiss et al., 2014). T2DM, sometimes
referred to as ‘adult onset’ or ‘non-insulin-dependent’ diabetes, is a

The prevalence of type 2 diabetes mellitus (T2DM) has risen rapidly metabolic disorder characterized by chronic hyperglycemia, or elevated
over the course of the last several decades and has become a major public blood sugar (Smushkin and Vella, 2010). A diagnosis of T2DM, which is
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typically made in the presence of elevated HbAlc or fasting blood
glucose levels, confers elevated risk of cardiovascular disease, autonomic
neuropathy, renal disease, and various other health complications and
mortality (Smushkin and Vella, 2010). Approximately 8.6% of American
adults, or 21 million individuals, are currently diagnosed with T2DM
(Bullard et al., 2018).

Among the complications associated with T2DM, increased risk for
cardiovascular disease is particularly well documented and accounts for
more than 50% of all diabetes-related deaths (Einarson et al., 2018).
Diabetic cardiovascular autonomic neuropathy (CAN), which is a
frequent and serious complication of diabetes marked by damage to the
autonomic nerve fibers that innervate the heart and blood vessels (Vinik
et al., 2003; Vinik and Ziegler, 2007), confers a nearly five-fold increase
in risk of cardiovascular mortality (Serhiyenko and Serhiyenko, 2018).
CAN is indicative of cardiovascular autonomic dysfunction and is
therefore most commonly assessed using measures of heart rate vari-
ability (HRV; Vinik et al., 2003). HRV represents the variability in the
time interval between heartbeats and is typically categorized into one of
two frequency bands — low (0.04-0.15) or high (0.15-0.40; Vinik et al.,
2003). High frequency HRV (HF-HRV) is unique in that it is regarded as
an index of parasympathetic, or vagal, control (Benichou et al., 2018).
Higher HF-HRV generally confers a greater ability for one's autonomic
nervous system to adapt to novel circumstances (Benichou et al., 2018),
and it is for this reason that HF-HRYV is considered a measure of auto-
nomic flexibility and is typically higher in ‘healthier’ individuals
(McCraty and Shaffer, 2015). On average, individuals with T2DM present
with significantly lower HF-HRV than healthy controls (Benichou et al.,
2018). In a study of 3000 men and women with T2DM, those with lower
HRV were at significantly increased risk of cardiovascular mortality
(Kataoka et al., 2004). In other words, even within a clinical sample of
individuals with categorically low HRV, more severe autonomic
dysfunction conferred worse health outcomes.

Much like autonomic dysfunction, chronic inflammation is a frequent
and well-documented feature of T2DM (Calle and Fernandez, 2012). In
fact, the findings of a 2014 study indicated that circulating inflammation
levels - specifically, interleukin-6 (IL-6) — marked the difference between
obese women with and without T2DM (van Beek et al., 2014). Given the
well-established link between T2DM and cardiovascular disease (Tsala-
mandris et al., 2019), it is unsurprising that chronically elevated
inflammation is similarly present among individuals with cardiovascular
disease (Ruparelia et al., 2017). Taken together, these findings suggest
that inflammation may serve as the link between these conditions (Zie-
gler, 2005). Studies also show that higher levels of inflammation — such
as those observed in T2DM and cardiovascular disease — are consistently
associated with lower HF-HRV, or decreased autonomic function (Wil-
liams et al.,, 2019). It is important to note, however, that baseline
inflammation is biologically distinct from stressor-evoked inflammation.
While baseline inflammation reflects the body's immune activity while at
rest, stressor-evoked inflammation reactivity represents the body's im-
mune response to a stressful stimulus. At present, there is a paucity of
research exploring inflammatory responses to stress in relation to T2DM
and autonomic function. However, researchers exploring inflammation
within other contexts have found that greater IL-6 reactivity to psycho-
social stress was associated with decreased cardiometabolic functioning
in perimenopausal women (Zannas et al., 2020), as well as with trauma
exposure in adult women and men (Carpenter et al., 2010; Tell et al.,
2018).

There is considerable evidence to suggest that trauma exposure in-
creases the risk for T2DM and its related conditions (Huffhines et al.,
2016; Roberts et al., 2015; Vaccarino et al., 2014). In particular, in-
dividuals living in low-income communities are more likely to experience
chronic, repeated exposure to violence and trauma, and individuals
living in those communities are disproportionately likely to be Black as a
result of historic disenfranchisement in the United States (Gluck et al.,
2021). Likewise, prevalence rates of T2DM are higher among Black
people (Golden et al., 2012) and Black individuals have worse T2DM
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severity (indicated by higher HbA1lc levels; Herman, 2016) compared to
white individuals. Given that trauma exposure and subsequent psycho-
pathology are also linked with autonomic dysfunction and chronic
inflammation (Brudey et al., 2015), it is critical to study T2DM and these
physiological phenomena among trauma-exposed Black populations.

1.1. Experiment overview

It is clear that cardiovascular autonomic functioning, blood glucose
control, and inflammation play critical roles in the onset and mainte-
nance of T2DM, yet the interaction between these measures remains
largely unexplored. To address this gap, we examined their associations
in trauma-exposed Black women with T2DM. Cardiovascular autonomic
functioning was assessed using HF-HRV, blood glucose control was
assessed using HbAlc levels, and stressor-evoked inflammation was
represented by IL-6 levels in response to the Trier Social Stress Test
(TSST). We hypothesized that 1) worse blood glucose control (higher
HbAlc levels) at baseline would predict higher IL-6 levels during the
TSST, and 2) the relationship between HbAlc and stressor-evoked IL-6
reactivity would be moderated by baseline cardiovascular autonomic
functioning (HF-HRV).

2. Materials and methods
2.1. Participants

Participants were 37 trauma-exposed Black women with a diagnosis
of T2DM. A diagnosis of T2DM was determined either from the partici-
pant's medical record or at the time of enrollment by one of the following
criteria: 1) fasting blood glucose >126 mg/dl, 2) 2-h glucose tolerance
test blood glucose >200 mg/dl, or 3) hemoglobin HbA1C > 6.5%. See
Table 1 for participant demographics. Trauma exposure was defined for
this sample as exposure to any traumatic event in childhood and/or
adulthood (e.g., sexual assault, childhood abuse or neglect, serious ac-
cident or injury, natural disaster, etc.). In this sample, 78.4% of in-
dividuals reported experiences of childhood maltreatment (i.e.,
childhood physical, sexual, or emotional abuse, or physical or emotional
neglect), with childhood maltreatment scores ranging from 25 to 100 (M
= 39.14) on a scale of 25-125. Additionally, 91% of individuals have
experienced 2 or more trauma types according to the Traumatic

Table 1
Participant demographics.

Age Range 28-65
Sex, N (%)
Female
Race, N (%)
Black/African American
Ethnicity, N (%)
Non-Hispanic/Non-Latinx
Highest Level of Education, N (%)
Less than 12th Grade 1 (4.8%)
12th or High School Graduate 5 (23.8%)
GED 1 (4.8%)

37 (100%)

37 (100%)

37 (100%)

Some College or Technical School 3 (14.3%)
Technical School Graduate 2 (9.5%)
College Graduate 7 (33.3%)
Missing 2 (9.5%)
Employment Status, N (%)
Currently Employed 28 (75.7%)
Not Currently Employed 9 (24.3%)
Household Monthly Income, N (%)
$0 - $249 5 (13.5%)
$250 - $499 5 (13.5%)
$500 - $999 6 (16.2%)
$1000 - $1999 14 (37.8%)
$2000 or more 6 (16.2%)
Missing 1(2.7%)
Note. N = 37.
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Experiences Inventory. Of note, 31.4% met criteria for current PTSD at
the time of the study and 31.4% met for lifetime but not current PTSD, for
a total of 62.9% of individuals with lifetime PTSD.

2.2. Procedure

Participants were recruited as part of a larger study on the genetic risk
factors for and consequences of trauma exposure (The Grady Trauma
Project; Gillespie et al., 2009; Gluck et al., 2021). Specifically, they were
recruited from primary care and OB/GYN clinics at the Grady Memorial
Hospital in Atlanta, GA, which serves a majority Black, low-income,
trauma-exposed community. From this broad sample, women with
T2DM and a history of trauma exposure were invited to participate in the
current sub-study assessing metabolic and neuroendocrine dysfunction.
All procedures were in accordance with the ethical standards of Emory
Institutional Review Board and the Research Oversight Committee of
Grady Memorial Hospital, Atlanta, GA, as well as the United States
Federal Policy for the Protection of Human Subjects. Written informed
consent was obtained from all participants following an explanation of
the study's procedures.

2.3. Cardiovascular autonomic function

Resting high-frequency heart rate variability (HF-HRV) was measured
through electrocardiogram (ECG) sensors using the Biopac MP150 for
Windows (Biopac Systems, Inc, Goleta, CA) with the BioNomadix wire-
less ECG amplifier. Three Ag/AgCl electrodes filled with electrolyte gel
were attached to the torso in the lead II position. ECG were sampled at
1000 Hz and analyzed using MindWare HRV module (MindWare Tech-
nologies, Ltd, Gahanna, OH). The ECG signal was amplified by a gain of
2000, filtered with a Hamming windowing function, and with a 60-Hz
notch filter. HRV was quantified during 1-min intervals by spectral
analysis of the time-sampled inter-beat interval series, according to the
methods recommended by the Society for Psychophysiological Research
Committee on HRV (Berntson et al., 1997). HF-HRV was sampled from
0.12 to 0.40 Hz and was transformed by natural log. HF-HRV was
measured from the 1-min intervals during two baseline pre-TSST time
points, once 15 min pre-TSST and once immediately pre-TSST. Resting
HF-HRYV for the present study was calculated as the mean of these two
baseline values.

2.4. Blood glucose control

Blood glucose control was assessed using the glycated hemoglobin
(HbAlc) test, which indicates an individual's average blood glucose
levels over the last 90 days (Eyth and Naik, 2020). Specifically, it mea-
sures what percentage of hemoglobin is glycated, or covered with
glucose. Should this percentage exceed 6.5, a diagnosis of T2DM may be
made (Smushkin and Vella, 2010). This glycated hemoglobin test is a
widely used measure of blood glucose control in individuals with dia-
betes (Saudek and Brick, 2009), and is highly predictive of
diabetes-related complications and mortality (Sherwani et al., 2016).

2.5. Stressor-evoked inflammation response

Stressor-evoked inflammation was assessed as the IL-6 response to a
psychosocial laboratory stressor, the Trier Social Stress Test (TSST). This
test is known to induce changes in autonomic, endocrinological, and
immunological activity (Marsland et al., 2017; Rodriguez-Medina et al.,
2019). The test consists of a 10-min anticipation and preparatory phase
and a subsequent 10-min public speaking and mental arithmetic task in
front of three trained staff members. TSSTs were conducted at the same
time of day across the entire study (i.e., procedures always began at 1 PM
following a 2-h rest period after arrival at the clinical research center.
Plasma samples were obtained from blood drawn from an IV catheter at
multiple points across the TSST: once 15 min pre-TSST, again 15 min
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after the start of the TSST, and then at 15-min intervals until 90 min
post-TSST. Following this, blood was drawn hourly while subjects rested
in bed for an additional 3 h (for a total of 5 h after the onset of the
stressor). On average, initial pre-TSST blood draws occurred at approx-
imately 12:50pm EST, and final post-TSST blood draws occurred at
approximately 5:00pm EST. Plasma was obtained by centrifugation
immediately after a blood sample was drawn and then frozen at —80 °C
until batch analyses to determine concentrations of IL-6 using commer-
cially available ELISA kits from R&D Systems (Minneapolis, MN) ac-
cording to manufacturer instructions. Not all plasma samples described
above were analyzed for concentrations of IL-6. Instead, based on our
prior work as well as work by others (Marsland et al., 2017; Pace et al.,
2009, 2010; Quinn et al., 2018), we only analyzed IL-6 concentrations in
the baseline sample (i.e, 15 min pre-TSST), as well as samples collected
30, 90, 150, 210, and 270 min after the start of the TSST. This was done
to examine the relevant aspect of the TSST IL-6 response “curve” that
increases from baseline by 60 min, and then continues to increase
thereafter. Intra- and inter-assay coefficients of variation were 9% and
9.2%, respectively. The lower limit of detection of the assay was 0.067
pg/ml. To quantify inflammation levels across the TSST, area under the
curve measurements with respect to ground (AUCg) and increase (AUCi)
were calculated for IL-6 (Pruessner et al., 2003).

2.6. Data analysis

Outliers were defined as individuals with scores >3 standard de-
viations above the mean for each variable. One outlier was identified for
each of our four primary variables — HF-HRV, HbAlc, IL-6 AUCg, and IL-6
AUCI; these 4 cases were removed from analyses. Upon removal of these
cases, in addition to the removal of 13 cases with missing data, our final
sample was N = 37. Missing data occurred due to problems with blood
sampling (e.g., catheter dysfunction) and scheduling difficulties. Two
linear stepwise regressions were conducted: one with IL-6 AUCg as the
dependent variable and one with IL-6 AUCi as the dependent variable.
For both models, predictor variables included HbAlc (Step 1), HF-HRV
(Step 2), and their interaction (Step 3). The HbAlc by HF-HRYV interac-
tion term was calculated by mean-centering both variables and then
multiplying these mean-centered values. Age and body mass index (BMI)
were included as covariates in Step 4 of both models. All calculations
were computed using SPSS version 24 with a significance level of p < .05.

3. Results

The current sample is characterized by an average HbAlc level of
7.75 (SD = 1.77), IL-6 AUCi level of 420.45 (SD = 431.04), IL-6 AUCg
level of 1174.34 (SD = 691.87), and BMI of 35.22 (SD = 6.80). Signifi-
cant correlations were observed between IL-6 AUCg and HF-HRV (r =
0.35, p = .034), IL-6 AUCi and HF-HRV (r = 0.37, p = .023), and IL-6
AUCg and IL-6 AUCi (r = 0.69, p < .001).

In terms of the regression predicting IL-6 AUCI, the overall model was
not significant, F(5,36) = 1.59, p = .192. HF-HRV was significant when
entered in Step 2 (f = 0.36, t = 2.20, p = .035), but it was not significant
in subsequent steps after the addition of other predictors. The regression
model predicting IL-6 AUCg was significant and accounted for 37% of the
variance in IL-6 AUCg, F(5,36) = 3.64, p = .010. HF-HRV was significant
when entered in Step 2 (8 = 0.38 t = 2.33, p = .026), and the HbAlc by
HF-HRYV interaction was also significant, (§ = -.37, t = —2.27, p = .030).
As indicated by the results from both regression models, HbAlc did not
significantly predict IL-6 levels during the TSST, which was in contrast to
our first hypothesis. However, the significant HbAlc by HF-HRV inter-
action suggested that this null finding could be due to a moderation effect
(i.e., perhaps HbA1C only predicts IL-6 at certain levels of HF-HRV).

Given that the HbAlc by HF-HRV interaction was only significant in
the model predicting IL-6 AUCg, simple slopes analyses were conducted
only for this model. In order to test our hypothesis that HF-HRV was a
moderator of the association between HbAlc and IL-6, simple slopes
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analyses were conducted at high and low HF-HRYV levels (calculated by
subtracting and adding one standard deviation, respectively). Unex-
pectedly, HbAlc levels were not significantly associated with IL-6 AUCg
at either high or low levels of HF-HRV. When an interaction is significant
but neither simple slopes model is significant, this suggests that the
incorrect moderator was tested. In other words, our finding indicated
that HbAlc, rather than HF-HRV, may be the moderator. We, therefore,
conducted post-hoc simple slopes analyses and tested the effects of HF-
HRYV on IL-6 AUCg at high and low levels of HbAlc. The model at high
levels of HbA1c was not significant, but the model at low levels of HbAlc
was significant and suggested that in this condition, higher levels of HF-
HRV predicted higher IL-6 AUCg, (8 = 0.60, t = 3.51, p = .001). This
indicates that HbAlc moderated the association between HF-HRV and IL-
6 AUCg, such that greater autonomic function was associated with
increased inflammatory responses to acute stress induced by the TSST,
and this association was strongest when HbAlc levels were low. See
Table 2 for a summary of regression results.

4. Discussion

T2DM is an increasingly prevalent metabolic disorder associated with
elevated blood glucose levels, inflammation, and autonomic dysfunction.
Despite this, the ways in which these variables interact remain largely
unexplored. The current study explored the interaction of baseline
HbAlc levels, stressor-evoked IL-6 reactivity to the TSST, and baseline
HF-HRV among trauma-exposed Black women with T2DM. Our results
suggest that HbAlc moderates the relationship between baseline HF-
HRV and stressor-evoked IL-6 such that higher HF-HRV is associated
with higher stress-evoked IL-6 levels only in the presence of low HbAlc.

Our initial hypothesis that blood glucose control (HbAlc) would
predict stressor-evoked IL-6 reactivity to the TSST was unsupported by
this analysis. While there is evidence to suggest that HbAlc predicts

Table 2
Stepwise regression for HF-HRV and HbAlc Moderation.
R? F i} t SE P
Step 1 .003 0.10
HbAlc .053 31 65.92 .756
Step 2 .140 2.77
HbAlc 139 .85 63.75 401
Baseline HF-HRV .381 2.33 80.33 .026*
Step 3 .235 3.37%
HbAlc .010 .06 65.92 .952
Baseline HF-HRV .289 1.77 80.13 .086
HbAlc X Baseline HF- —.338 -2.02 3731 .052
HRV
Step 4 .370 3.64*
HbAlc .003 .02 62.44 .983
Baseline HF-HRV .302 1.92 77.42  .065
HbA1lc X Baseline HF- —.365 —-2.27 35.80 .030*
HRV
BMI .352 2.44 14.72 .021*
Age —.092 —.60 11.73 .555
Dependent variable: IL-6
AUCg
HbAlc (simple slopes)
At low HF-HRV .297 1.76 .089
At high HF-HRV —.290 —-1.23 .230
Dependent variable: IL-6
AUCg
HF-HRV (post-hoc simple
slopes)
At low HbAlc .595 3.51 .001*
At high HbAlc .008 .036 971
Dependent variable: IL-6
AUCg

Note. *p < .05; HF-HRV = high frequency heart rate variability; IL-6 = inter-
leukin-6.
AUCg = area under the curve with respect to ground.
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baseline inflammation in nondiabetic adults (Gustavsson and Agardh,
2009; Liu et al., 2015), this has not been confirmed among individuals
with T2DM, or for situations in which inflammation levels were
measured dynamically in response to a stressor. Although blood glucose
control did not predict IL-6 levels in this sample, we found that IL-6,
which served in this analysis as a biomarker of inflammation, was
significantly predicted by the interaction between blood glucose control
and cardiovascular autonomic functioning. Of note, we found significant
associations only when IL-6 was calculated as the area under the curve
with respect to ground (AUCgZ); when IL-6 was calculated as the area
under the curve with respect to increase (AUCi), the interaction was not
significant. This can in large part be explained by the distinct quantitative
differences between AUCg and AUCi. While IL-6 AUCi represents only
the time-dependent (i.e., phasic) change in inflammation across the
TSST, IL-6 AUCg represents the magnitude of the IL-6 response to the
TSST in combination with baseline concentrations of IL-6 present before
the TSST. In other words, the present study found that HF-HRV only
associated with TSST-induced IL-6 reactivity when preexisting baseline
IL-6 concentrations were included in area under the curve (i.e., AUCg)
calculations. When IL-6 reactivity to the TSST was not inclusive of pre-
existing baseline IL-6 (i.e., AUCi), HF-HRV did not associate with IL-6.
These two calculations paint two meaningfully distinct pictures of the
same dataset, such that their relation to each other and to variables of
interest will differ from sample to sample (Pruessner et al., 2003).
Further research exploring IL-6 reactivity calculated as AUCg versus
AUCi is required to understand the clinical implications of these
differences.

Our moderation analyses indicated that HbAlc, rather than HF-HRV,
was the moderating variable, such that higher HF-HRV conferred
heightened stressor-evoked IL-6 reactivity only in the presence of lower
HbA1lc. This was unexpected for two reasons: 1) cardiovascular auto-
nomic function is frequently utilized as a moderator variable due to
consistent findings that lower HF-HRYV is associated with worse outcomes
across a number of health conditions (Kataoka et al., 2004; Masi et al.,
2007; Tsuji et al., 1996), and 2) blood glucose control has rarely been
identified as a moderator in the relevant literature. While we would
typically expect high HF-HRV to be associated with lower levels of
inflammation, it is plausible that we observed an ‘optimal’ level of in-
flammatory response to stress, as inflammation is the body's natural
response to protect itself from harm and may only be damaging at
extreme levels or when activated chronically. In other words, it is
possible that ‘healthier’ individuals (i.e., those with lower HbAlc) can
mount a healthy stress response that includes the transient release of IL-6
more flexibly than those with higher HbAlc. We believe that this finding
may be due to the unique intersection of trauma-exposure, race, and
diabetes status (lower v. higher HbAlc) observed in our sample. For
example, a paper by Steptoe et al. (2014) found that while individuals
with T2DM have higher baseline IL-6 levels than healthy controls, they
showed blunted IL-6 responsivity post-stress. Although this finding does
not specifically address our HF-HRV finding, it may help explain why we
observed a greater IL-6 response among ‘healthier’ individuals with
T2DM. There is a paucity of literature at the intersection of T2DM, race,
and trauma, and we believe that our findings can serve as a starting point
for future research. Additionally, while plasma IL-6 levels are frequently
utilized as a biomarker of inflammation reactivity, several studies have
shown IL-6 to act not only as a pro-inflammatory cytokine, but also as an
anti-inflammatory myokine (Pedersen and Febbraio, 2008; Petersen and
Pedersen, 2005; Wedell-Neergaard et al., 2019). Thus, our finding that
high HF-HRV was associated with higher levels of IL-6 in the presence of
lower HbAlc (indicating a ‘healthier’ state) may be in part be explained
by IL-6's anti-inflammatory properties. Of note, the clinical studies that
have identified IL-6 as a myokine have been conducted exclusively in the
context of IL-6 release from skeletal muscle tissue in response to exercise.
Given the specificity of these findings, it is unclear whether they can be
generalized to help explain the findings of the present study.

When evaluating the implications of this analysis, it is important to
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consider the limitations presented by our study sample and design.
Perhaps our greatest limitation is that of a small sample size and low
power; however, we find this limitation to be eclipsed by the well-
characterized nature of our sample. A review of related literature re-
veals that studies with likewise small and well-characterized samples are
similarly under powered (e.g., Parish et al., 2016). Additionally, given
that this analysis was conducted among trauma-exposed Black women
with T2DM, our findings may not be generalizable beyond this clinical
sample. That said, this clinical sample is uniquely vulnerable to the
health consequences of T2DM and is therefore an exceptionally relevant
focus of study. While this may have limited the generalizability of our
results, it also presented us with the unique opportunity to explore bio-
markers of cardiovascular and metabolic disorders among individuals for
whom T2DM presents a disproportionately elevated mortality risk. While
men are more likely to be diagnosed with T2DM, women typically have
more severe complications and a greater risk of both all-cause and car-
diovascular mortality (Arnetz et al., 2014). That said, future studies
should aim to explore the interrelatedness of metabolic, inflammatory,
and cardiovascular measures among both men and women with T2DM.
In addition, future studies would also benefit from inclusion of additional
metabolic biomarkers such as leptin and assessment of blood glucose
prior to, during, and after the TSST or other experimental psychosocial
stress task. The interpretability of our results and characterization of our
sample was limited by the absence of these variables in our analysis.

It is clear from the literature and the present study's findings that
blood glucose control, cardiovascular autonomic function, and inflam-
mation are intricately linked, and a deeper understanding of the nature of
these associations (with regard to strength, directionality, etc.) across
differing populations can inform how we understand and treat T2DM and
its related health consequences. For instance, our identification of blood
glucose control as a moderator in the relationship between cardiovas-
cular autonomic function and inflammation highlights the possibility
that individuals with trauma exposure and T2DM may benefit from
stratification by HbA1c levels for research analysis and treatment deci-
sion making (see Rusu et al., 2012 for an example of this). While our
highly characterized sample of trauma-exposed Black women with T2DM
allowed us to investigate these variables in a uniquely vulnerable pop-
ulation, future studies should seek to investigate this phenomenon across
multiple phenotypes.
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