Insulin Resistance Syndrome and Autonomically Mediated Physiological
Responses to Experimentally Induced Mental Stress in Adolescent Boys
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We investigated the relationship between hemodynamic and other autonomically mediated responses to experimentally
induced mental stress and the parameters of the insulin resistance syndrome (IRS) in 48 healthy adolescent boys. Mental stress
was induced with mental arithmetic and the Stroop Color-Word Test. Heart rate (HR), finger blood volume (FBV), and skin
conductance level (SCL) were recorded continuously during task performance. IRS parameters measured were serum insulin,
high-density lipoprotein (HDL) cholesterol, serum triglyceride (TG), systolic blood pressure {SBP), subscapular skinfold (SSF),
and subscapular to triceps skinfold ratio (STR). The results indicated that a high level and an increasing linear trend of HR and
FBV during task performance were related, mdependently of each other and of body mass index (BMI), to a high insulin
concentration. An increasing linear trend of HR during mental stress was also related to high SSFs independently of BMI. In
addition, a high SCL durlng task performance was associated with high TG levels, SSFs, and STRs. It is discussed whether

stress-induced sympathetic overactivity might contribute to the development of the IRS.
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NSULIN RESISTANCE syndrome (IRS) is the associa-
tion of a cluster of clinical conditions—glucose intoler-
ance, arterial hypertension, elevated levels of triglycerides
(TG), and a low concentration of high-density lipoprotein
(HDL) cholesterol—with hyperinsulinemia and insulin re-
sistance.! There is also considerable evidence establishing
that obesity, particularly android fat distribution, is highly
associated with insulin resistance and hyperinsulinemia.?
Resistance to insulin-stimulated glucose uptake has been
postulated to be the primary metabolic defect in this
syndrome.3> Recent prospective studies have convincingly
demonstrated that IRS is a risk factor for coronary heart
disease (CHD) and type II diabetes.}>7
Even though insulin resistance is presumably genetically
determined in most instances,? there is compelling evidence
that environmental stress contributes to the development of
IRS via neuroendocrine reactions in the corticotropin-
releasing factor (CRF)-adrenocorticotropin hormone
(ACTH)-adrenal cortex axis.>!? For example, experimental
studies by Kaplan et al'! and others!? have indicated that
monkeys with a submissive type of reaction, ie, defeat
reaction characterized by helplessness and loss of control,
to standardized stress respond with increased adrenal
cortex activity paralleled by an apparent centralization of
body fat. Likewise, Rebuffé-Scrive et al'? reported compa-
rable findings from a study where male Sprague-Dawley
rats were exposed to chronic uncontrollable stress.'® In line
with animal studies, when stimulated with mental stress
tests, obese women with an elevated waist to hip ratio
(WHR) or large abdominal sagittal diameter have been
shown to express elevated responses of serum cortisol,
which is known to exert marked insulin resistance.l0:14
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Moreover, we have previously found that stress-related
personality dimensions, ie, type A behavior and aggressive-
ness, predict an increase in serum insulin concentration, as
was shown in a 3-year follow-up period with adolescents
and young adults.”” The essential parameters of IRS appear
also to cluster more strongly in type A males than in
non-type As.

Although the research done thus far has predominantly
emphasized the role of the pituitary-adrenal system when
searching for the mechanism mediating the relationship
between stress and IRS, enhanced sympathetic activity may
well be of importance as well. Individuals with a hyperdy-
namic circulation, as defined in terms of increased heart
rate (HR) and pulse pressure, have been shown to exhibit
many of the traits of IRS.7 Several researchers have
recently hypothesized that chronic sympathetic overactivity
with a consequent defense reaction-like hemodynamic
pattern, ie, elevated cardiac output mainly caused by an
increased HR, may have pathogenetic importance in the
development of IRS.'®2 It has been suggested that this
hemodynamic pattern may lead to structural changes, ie,
vascular hypertrophy and rarefaction of vascularization,
that will decrease the blood flow in peripheral tissues and
thereby induce insulin resistance.

To our knowledge, the potential effects of stress-induced
cardiovascular reactivity on IRS have not been previously
investigated. It has been shown that the essential param-
eters of IRS express strong clustering even in healthy
children and adolescents.2'?> In addition, fasting insulin
levels in young people have been shown to predict type II
diabetes over an 11-year follow-up period.?* Consequently,
it is important to study the mechanisms through which
stress might influence the parameters of IRS even in
adolescence.

There is evidence that prior life stress is related to human
cardiovascular reactivity to acute stress, ie, chronically
stressed individuals show greater reactivity to and pro-
longed recovery from challenging tasks.?>? Therefore, we
postulated that individuals expressing more pronounced
sympathetically mediated physiological responses when
faced with mentally challenging tasks might also express
higher levels of parameters constituting IRS. Thus, the
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objective of the present study was to examine whether
hemodynamic and other autonomically mediated responses
(ie, HR, HR variability [HRV], finger blood volume [FBV],
and SCL) to task-induced stress are related to the meta-
bolic and anthropometric parameters of IRS in healthy
adolescent boys. The question was asked as to whether
temporal characteristics of physiological responses as de-
fined as the trend of response during the performance
might be even more strongly associated with these meta-
bolic and anthropometric parameters than the magnitude
of response.

MATERIALS AND METHODS
Subjects

The subjects were 48 healthy 16-year-old Finnish boys. They
were taken from the prospective epidemiological Cardiovascular
Risk in Young Finns Study (CRYF),?’ in which the development of
risk factors for CHD has been monitored at intervals of 3 years
beginning in 1980. The subjects of the CRYF study, a total of 3,596
healthy Finnish children, adolescents, and young adults, were a
randomly selected sample of 360 rural and 360 urban girls and boys
in the age cohorts of 3, 6,9, 12, 15, and 18 in 1980. The design of the
CRYF study and the selection of the sample are described in detail
in Akerblom et al.Z’

The present sample (N = 48) was the cohort of boys aged 9 years
in 1980 who were residing in the urban and rural districts of Kuopio
(ie, one of five university cities in which the CRYF study was
performed). Of this entire cohort (N = 323), 262 participated in
the CRYF 6-year follow-up study, when they were 15 years of age.
Those residing in the Kuopio area (N = 80) were invited to take
part in the psychophysiological study, which was performed 6
months after the CRYF 6-year follow-up study, when most of the
boys were 16 years of age. A total of 57 boys participated in the
study. Complete data with respect to metabolic, anthropometric,
and physiologic parameters were available for 48 of them.

The present subjects did not differ significantly in metabolic and
anthropometric parameters from the whole age cohort of 9-year-
old boys.

Metabolic and Anthropometric Parameters

The following measurements relevant for IRS*# were obtained
in the 6-year medical follow-up examination of the CRYF study?”:
serum insulin, serum HDL cholesterol, serum TG, systolic blood
pressure (SBP), weight, height, subscapular skinfold thickness
(SSF), and triceps skinfold thickness (TSF).

Blood pressure was measured with a standard mercury gravity
sphygmomanometer on the right arm after a rest of at least 3
minutes.”® SSF and TSF were measured by Harpenden calipers
(Holtain and Bull-British Indicators instruments) to 0.2-mm read-
ings. SSF and the centrality index (the ratio of subscapular to
triceps skinfold [STR]) were used as indices of upper-body
subcutaneous fat distribution. SSF has also been shown to be a
good indicator of intraabdominal fat deposition in children.??
Height was measured by a Seca (Hamburg, Germany) anthropom-
eter and weight by a Seca weighing scale. Body mass index ([BMI]
an index of the total amount of body fat) was calculated as weight
in kilograms divided by height in meters squared. The procedures
for anthropometric measurements have been described in detail in
Dahlstrom et al.?

Blood samples were taken after an overnight fast. Serum insulin
level was measured using a modification of the immunoassay
method of Herbert et al.3! Serum HDL cholesterol concentrations
were measured from the serum supernatant after precipitation of
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very-low-density and low-density lipoproteins with dextran sulfate
500,000.3233 Serum TG concentrations were determined enzymati-
cally.** A more detailed description of the assessment protocol we
used has been previously published.®

The Psychophysiological Experiment

The psychophysiological experiment was performed 6 months
after the 6-year medical follow-up examination of the CRYTF study.
The entire study protocol of the CRYF study was approved by the
ethics committees of the participating universities of the main
study.

Experimental Procedure

Mental stress was induced by exposing subjects to a standardized
computer-controlled experimental stimulation of about 50 minutes
during which continuous physiological data were recorded. Partici-
pants were asked to complete two mental tasks—mental arithmetic
(MA) and the Stroop Color-Word Test—presented on the com-
puter screen with the sequence of the tasks randomized.

MA. The MA included four task items consisting of a problem
such as “first add 11 to 67, then 9, then 7, etc., so that the last
number to be added is 1.”

Stroop Color-Word Test. The subject had to count the number
of names of colors written in incongruent colors. The subject had to
ignore the word itself and react to the color, eg, “count the number
of times the word ‘orange’ is written in red.” The Stroop test
included four task items consisting of a visual display presented in
18 (rows) x 8 (columns) of different color-words.

The subject was asked to work as quickly as possible. The
computer presented the next task item when the subject pushed a
button indicating he had reached an answer. The oral answer was
manually recorded by the experimenter.

Each set of mental tasks was preceded and followed by a
2-minute presentation of repeated neutral auditory stimuli (eight
1,000-Hz tones followed by four 500-Hz tones of 76-dB intensity).
The first 2-minute period of neutral auditory stimuli was used as a
baseline for physiological measurements.

Feedback was given visually after each of the task items, when
the subject indicated he was ready. The subject was always
informed he had used more time than “the best performer of the
day.” Each subject received exactly the same feedback.

The stressor protocol of the psychophysiological experiment was,
in fact, two task items longer than described here, but in the
present study, only task items followed by homogenous feedback,
ie, the first four successive items of the MA and the Stroop test (a
total of eight items), were used. This was done to construct more
meaningful trends of physiological responses (see below). The
whole psychophysiological experiment has been previously de-
scribed.6

Physiological Variables

HR, FBV, and SCL were recorded continuously during the
experiment. They were digitized and stored in 10-second intervals.
HR (beats per minute) was measured using a cardiotachometric
recording from the chest configuration using Ag/AgCl disposable
electrodes. FBV (units) was measured from the middle finger using
a photoplethysmographic Gilson transducer (Gilson Medical Elec-
tronics, Middleton, WI). FBV is used to index slow changes in the
overall engorgement of the finger and is controlled to a large extent
by the sympathetic (a-adrenergic) nervous system.>” SCL (micro-
siemens [wS]) was recorded by constant-voltage (0.5 V) bridge.
Beckman (Schiller Park, IL) Biopotential Electrodes (8 mm
diameter) were fixed onto the palmar surface of the nonpreferred
hand. SCL is controlled entirely by the sympathetic nervous system
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and may unambiguously reflect primary arousal.® HR, FBV, and
SCL were quantified by computing the mean of the interval. An
index of HRV in the time domain was calculated as the standard
deviation of HR within the 10-second interval.

An Amiga (Bensheim, Germany) 1000 and special software
(Event Organizer) were used to time and produce the stimulus
displays, trigger pulses, and identification codes specific to each
epoch and interval. All data were stored on the hard disk of a PC
microcomputer after digitizing with a Lab Master 12-bit 16-channel
AD converter (Tecmar, Cleveland, OH).

It has been previously shown that hemodynamic responses to the
MA and Stroop tests are reproducible. 340

Statistical Analyses

Magnitude of physiological response and metabolic and anthropo-
metric parameters. Mean baseline values were computed for each
subject across the first 2-minute period of neutral auditory stimuli
for each physiological measure (ie, the mean of 12 10-second
intervals). Task values for each measure were averaged separately
for the MA and Stroop tests (ie, the mean of the 10-second
intervals during which the subject performed the task). Change
scores (representing the magnitude of the physiological response
to stress) were computed by subtracting appropriate baseline
values from each of the mean measurements.

The relation of the magnitude of physiological responses (HR,
HRYV, SCL, and FBV) with metabolic and anthropometric param-
eters (serum insulin, TG, HDL cholesterol, SSF, STR, and SBP)
was evaluated with multiple regression analyses. A series of
hierarchical regressions were performed in which predictors of the
metabolic/anthropometric parameters were (1) BMI, (2) the mean
baseline physiological value, and (3) the change score for the
physiological variable. BMI was used as a covariate because
individual differences in BMI may affect cardiovascular responses
to stress.*l Baseline physiological values were also statistically
controlled because they can influence the degree of change during
stress (ie, law of initial values).*? Serum insulin and TG values were
log-transformed before computing to obtain more nearly Gaussian
distributions.

Trend of physiological response and metabolic and anthropometric
parameters. When examining whether temporal changes in the
task-level physiological responses during the MA and Stroop tests
are related to the metabolic and anthropometric parameters, the
first step was construction of the linear trends of the task levels of
HR, HRV, FBV, and SCL. The task physiological values were
averaged across the first two 10-second intervals within each task
item. A curve estimation regression analysis*> was used to estimate
the linear trends separately for each subject. The trends were
estimated on the basis of physiological scores specific to eight
consecutive task items, ie, the first four MA and the first four
Stroop task items. The regression line through the eight consecu-
tive physiological scores indicated the linear trend of the task-level
physiological response. A positive value of the slope (b;) indicates
an increasing linear trend, and a negative one, a decreasing trend
of the response. The constant term (bg) represents the initial task
level of the physiological response. These trends were also con-
structed separately for the MA and Stroop tests.

Relationships between the linear trends of physiological re-
sponses (HR, HRV, SCL, and FBV) during the mental tasks and
the metabolic and anthropometric parameters were evaluated by
multiple regression analyses. Separate hierarchical regression analy-
ses were performed with the metabolic/anthropometric param-
eters as the dependent variables and with (1) BMI, (2) the initial
task level of the physiological response (ie, the constant term by),
and (3) the linear trend of the task-level physiological response (ie,
the slope b;) as the independent variables.
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RESULTS
Manipulation Check

Table 1 shows the mean baseline and task-induced
changes in HR, HRV, SCL, and FBV, as well as the
percentage of subjects showing an increase in these physi-
ological variables. Overall, the tasks elicited physiological
arousal. Both the MA and Stroop tests produced a signifi-
cant increase in HR (F(1, 47) = 55 and 16, respectively,
P < .001). In addition, there was a significant mean de-
crease in SCL, HRV, and FBV during both tasks when
adjusting for the baseline (9 < F < 51, P < .004).

Examination of correlations between the baseline physi-
ological values (HR, HRV, FBV, and SCL) and the
metabolic and anthropometric parameters revealed that
baseline HR correlated positively and significantly with
serum insulin concentration (Pearson’s r = 32, P = .028).
Insulin concentration was positively and significantly corre-
lated with TG concentration (r = .30, P = .041). Correla-
tion of serum insulin with other metabolic and anthropomet-
ric parameters did not reach statistical significance,
apparently because of the small sample size. [In the entire
cohort of boys aged 15 years during the CRYF 6-year
follow-up study, insulin was positively and significantly
correlated with SBP, BMI, SSF, and STR: r = .24, .35, .35,
and .14, and P < .001, .001, .001, and = .030, respectively.
In this entire cohort, 3-year test-retest correlations (Pear-
son’s r) of these parameters were .52, .66, .42, .30, .86, .81,
and .65, respectively, for SBP, HDL cholesterol, TG,
insulin, BMI, SSF, and STR (P < .001; measurements were
made during the 3- and 6-year follow-up examinations).]

Magnitude of Physiological Response and Metabolic and
Anthropometric Parameters

Table 2 shows the results of regression analyses in which
the physiological responses (change scores) to the mental
tasks were predictors of the metabolic and anthropometric

Table 1. Mean Baseline, Mean and Median of Task-Induced Changes,
and Percentage of Subjects Showing an Increase in
Physiological Parameters

Variabie HR (bpm) HRV (bpm) SCL {uS) FBV (U}
Mean baseline 78.7 (1.5) 4.5 (0.2) 4.2 (0.4) 10.0{0.02)
MA test

Mean change 7.3(09) -05(0.2) -0.2{0.3) -0.1(0.04)
Median 6.6 -0.4 0.2 -0.1
% subjects

showing an

increase* 81 6 438 2
Stroop test

Mean change 5.4(1.3) -0.7(0.2) -0.6(0.3) —0.1(0.04)
Median 5.0 -0.4 -0.3 -0.1
% subjects

showing an

increase® 77 2 33 2

NOTE. The standard error of the mean is shown in parentheses.

*Change score (delta} > 0 + 1.65SEeas; SEpess (standard error of
measurement) = SDyenav — faq; SDaera = Standard deviation of delta.
The formula for the reliability of delta {rqq) can be found in Llabre et al 4
among other sources.



IRS AND MENTAL STRESS

Table 2. Muitiple Regression Modei: Physiological Responses
to the Mental Tasks in Predicting Metabolic and
Anthropometric Parameters

Variable B t P R? Change in R?
MA test
STR
Baseline SCL 61 296 .005 075 .075
ChangeinSCL .45 217 035 .163 .088
SSF
BMI .80 9.28 <.001 .637 .637
Baseline SCL 23 L7 095 637 .000
ChangeinSCL .28 2.09 .042 670 .033
Stroop test
STR
Baseline HRV 76  3.33 .002 .087 .087
ChangeinHRV .58  2.55 015 .209 122
SSF
BMI 76 794 <.001 585 .585
Baseline HRV 32 2.02 .050 .587 .002
Changein HRV .34  2.17 .036 .630 .043

NOTE. B coefficients and ¢ and P values are those computed at the
final step of each analysis. Only statistically significant findings are
reported. Change scores (task minus baseline) were used in these
analyses.

parameters. Regression analysis indicated that both base-
line SCL and SCL response to the MA were significant
predictors of STRs (P = .005 and .035, respectively); that is,
both high baseline SCL and an increase in SCL were
related to high STRs. In addition, SCL response to the MA
was positively and significantly related to SSFs after adjust-
ment for BMI (P = .042). Furthermore, a Stroop-related
increase (or lack of decrease) in HRV was significantly
associated with high STRs and BMI-adjusted SSFs (P = .015
and .036, respectively). High baseline HRV was also related
to high STRs and SSFs (P = .002 and .050, respectively).

There was a marginally significant positive association
between the HR response to the MA and SSFs (B = .16,
P = .072; not shown). Similarly, the positive association of
SCL response to the MA with serum TG and insulin
concentration was of borderline significance (B = .40 and
.40, P = .063 and .073, respectively; not shown).

Trend of Physiological Response and Metabolic and
Anthropometric Parameters

Table 3 shows the results of regression analyses in which
the linear trends of task-level physiological responses dur-
ing the MA and Stroop tests were predictors of the
metabolic and anthropometric parameters. It was found
that an increasing trend of HR during the mental tasks (the
trend being estimated on the basis of eight task items, ie,
four MA items and four Stroop items) was related to a high
serum insulin concentration independently of BMI and the
initial task level of HR (P = .012). However, a high initial
task level of HR was also associated with a high insulin
concentration (P = .005). These associations also remained
significant when adjusted for SSF or STR (not shown). In
addition, an increasing linear trend of HR during the task
performance predicted high BMI-adjusted SSFs (P = .001).
The positive association between the trend of HR and TG

617

concentration was of borderline significance (B = .39,
P = .062; not shown). Furthermore, a high initial task level
of HRV was related both to high STRs and to BMI-
adjusted SSFs (P = .007 and .046, respectively). There was
also a marginally significant negative association between
the trend of FBV during the tasks and serum HDL
cholesterol concentration (B = —.47, P = .082; not shown).
Likewise, the positive association of the initial task level of
SCL with serum insulin and TG levels showed borderline

Table 3. Multiple Regression Model: initial Task Level and Trend of
Task-Level Physiological Responses During Mental Task
Performance in Predicting Metabolic and Anthropoemtric Parameters

Variable B t P Rz ChangeinR?
MA and Stroop tests*
Insulin
BMI .25 1.82 .076 .030 .030
Initial task level of HR .59 2.97 .005 .075 .045
Trend of HR .51 2.63 .012  .200 125
SSF
BMl .78 9.67 <«.001 .637 637
Initial task level f HR .14 1.20 .236 .656 .019
Trend of HR .39 3.48 .001 .730 074
SSF
BMI 72 7.82 <.001 .637 .637
Initial task level of HRV .29 2.05 .046 .665 .028
Trend of HRV .14 1.05 .300 .673 .008
STR
Initial task level of HRV .57 2.82 .007 .208 .208
Trend of HRV .15 0.73 467 217 .009
MA test*
Insulin
BMI 29 2.05 .046 .030 .030
Initial task level of HR 46  3.10 .003 .198 .168
Trend of HR .09 0.65 .519 .205 .007
TG
BMI 11 0.81 424 011 .01
Initial task SCL 34 2.24 .030 .115 104
Trend of SCL .04 0.26 794 117 .002
SSF
BMI .80 9.29 <.001 .637 637
Initial task SCL 19 2.02 .050 .671 .034
Trend of SCL .00 0.02 .987 .671 .000
STR
Initial task SCL 37 249 016 .127 127
Trend of SCL .04 0.25 803 .128 .001
Stroop test*
Insulin
BMI 31 2.18 .036 .101 101
Initial task level of FBV .77 2.56 .0156  .106 .005
Trend of FBV 95 3.14 .003 .298 192
SSF
BMI 73 7.92 <.001 .637 637
Initial task level of HRV .25 2.24 .030 .647 .010
Trend of HRV 23 221 .032 .682 .035
STR
Initial task level of HRV .62 4.06 <.001 .231 .231
Trend of HRV .25 1.65 106 .275 .044

NOTE. B coefficients and t and P values are those computed at the
final step of each analysis. Only statistically significant findings are
reported.

*Mental task{s) used when estimating the trend of task-level physi-
ological responses.
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significance (B = .28 and .29, P = .061 and .056, respec-
tively; not shown).

An increasing trend of HRV during the Stroop test (the
trend being estimated on the basis of four Stroop items) was
also found to predict high SSFs independently of BMI and
the initial task level of HRV (P = .032). In line with the
above-mentioned findings, a high initial task level of HRV
during the Stroop test predicted high STRs and SSFs
(P < .001 and = .030, respectively). In addition, the initial
task level and linear trend of FBV during the Stroop test
were both significant predictors of serum insulin concentra-
tion after adjustment for BMI (P = .015 and .003, respec-
tively), with a high initial task level and an increasing trend
of FBV being related to a high insulin level. This associa-
tion remained significant when adjusted for SSF or STR
(not shown).

It was also found that a high initial task level of HR
during the MA was associated with a high insulin concentra-
tion after adjustment for BMI (P = .003). This was not
changed when adjustment was made for SSF or STR (not
shown). In addition, the initial task SCL during the MA was
positively and significantly related to serum TG concentra-
tion, SSFs, and STRs (P = .030, .050, and .016, respec-
tively).

DISCUSSION

The present study shows that autonomically mediated
physiological responses (HR, HRV, FBV, and SCL) to
experimentally induced mental stress are related to serum
insulin level and other parameters of IRS in healthy
adolescent boys. We found that the trend of the physiologi-
cal responses during mentally challenging tasks contributed
in many cases even more significantly than the magnitude of
the response (ie, mean task level minus baseline) to the
variance in IRS parameters.

The principal finding was that an increasing linear trend
of HR during performance of mentally challenging tasks, ie,
an increase in HR with increasing exposure to the MA and
Stroop tests, was related to a higher serum insulin concen-
tration and to larger SSFs independently of BMI or the
initial task level of HR. Likewise, it was found that an
increasing trend of FBV with increasing exposure to the
Stroop test predicted a higher insulin concentration. How-
ever, high initial task levels of HR and FBV were also
significantly related to high insulin levels. Although the
cross-sectional nature of this study precludes causal infer-
ences, we think the data presented herein are in line with
the suggestion that stress-induced sympathetic overactivity
may influence IRS parameters. The relationship found
between hemodynamic responses to stress in terms of an
increasing trend of HR and FBYV and the parameters of IRS
is compatible with the hypothesis that a defense reaction—
like hemodynamic pattern resulting from chronic sympa-
thetic overactivity may contribute to the pathogenesis of the
IRS.18 That is, stress-induced repeated episodes of elevated
cardiac output (CO), mainly determined by increased HR,
with consequent elevation of muscle blood flow have been
suggested to contribute to the initiation of vascular hyper-
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trophy. Structural alterations in blood vessels have been
suggested, in turn, to lead to an unfavorable delivery of
insulin and glucose to the tissues and thereby, in part, to
cause insulin resistance.'®!° Of course, even though vascu-
lar adaptations have been observed even in adolescence,
the possible structural changes are likely to have been
relatively slight in the present healthy subjects.

However, the finding that a Stroop test-induced increas-
ing trend of FBV was related to a high insulin concentration
deserves further attention. Normally under physiological
conditions, the regional hemodynamic pattern during acute
mental stress is characterized by sympathetically mediated
peripheral muscular vasodilation through $-adrenergic ac-
tivity and digital vasoconstriction through o;-adrenergic
receptors.*6 Digital blood flow tended, on average, to
decrease in the present subjects, as well. However, besides
a-adrenergic activity, the other primary determinant of
digital blood flow is CO.#47 If vasomotor tonus is held
constant, an increase in CO can increase the radius of the
arteriolar resistance vessels, thus increasing FBV.%7 That
being the case, the vasoconstrictive effect of a-adrenergic
activity may have been overridden by stress-induced exagger-
ated CO, resulting in an increasing trend of FBV in
high-cardiac reactors. In the absence of more detailed
information about the hemodynamic responses to stress
(eg, CO, forearm blood flow, and forearm vascular resis-
tance) in the present subjects, these suggestions must
remain speculative. A recent observation that the Stroop
test induces a pronounced increase in forearm blood flow
may nevertheless bear on this point.*® In this context, it is
also of interest that individuals characterized by a type A
behavior pattern, an established risk factor for CHD,* have
been shown to express less digital vasoconstriction during
stress as compared with type B subjects, whereas during
rest type Bs are less vasoconstricted.*” Moreover, digitial
arterial pulse amplitude has been shown to decrease more
markedly in normotensive as compared with hypertensive
humans during MA stress.5

However, we recognize that in addition to the hypoth-
esized role of a stress-induced hemodynamic pattern in the
development of IRS, there are other possible pathways via
which sympathetic overactivity might contribute to insulin
resistance. The present results demonstrated that both a
high task level of skin conductance and a large SCL
response to the MA were related, independently of BMI, to
a high TG concentration and increased STRs and SSFs.
Thus, besides sympathetically mediated cardiovascular re-
sponses, overall differences in sympathetic activity reflected
here by SCL may also be of importance. It has been shown,
for example, that an infusion of epinephrine, the classic
stress hormone, can produce B-receptor-mediated acute
insulin resistance in the skeletal muscle.’! Likewise, Lembo
et al’? have recently reported that an acute increase in
skeletal muscle noradrenergic activity, as measured by
noradrenaline outflow, is able to antagonize insulin-
stimulated muscle glucose disposal. Insulin has been sug-
gested as a stimulator of the sympathetic nervous system.?
However, it appears unlikely that the relationship found
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between autonomic responses to stress and insulin concen-
tration would be explained by insulin-induced heightened
sympathetic tone, since only large insulin infusions have
been shown to increase circulating noradrenaline concentra-
tions, muscle sympathetic outflow, and HR in humans.53-5
Moreover, we found that a stress-induced change in FBV
predicted serum insulin level, whereas cutaneous blood
flow has recently been reported to be unaffected by the
elevated insulin concentrations during a euglycemic clamp.”?
Furthermore, abnormalities of autonomic function related
to obesity would not seem to account for the present
findings, since the association between autonomic re-
sponses and serum insulin remained significant when adjust-
ing for BMI, SSF, or STR.

We also found that a high initial task level and an
increasing linear trend of HRV and a change score-defined
increase (or lack of decrease) in HRV during stress were
related to increased STRs and SSFs. Since there is substan-
tial evidence establishing that decreased indices of HRV, a
crude index of sympathetic/parasympathetic balance, are
associated with obesity, diabetes, and increased susceptibil-
ity to ventricular arrhythmias,’®° the present finding may
well be an artifact. However, in general, HRV is decreased
during mental effort, sustained attention, and organized
behavioral responses to stress.®® Likewise, the suppression
of HRV has been associated with enhanced task perfor-
mance.® Thus, an increase (or lack of decrease) in HRV
during a stressful mental task might be an unadaptive
response, although the mechanism that could explain the
observed association is unknown. Interestingly, type A
persons have been reported to exhibit greater HRV than
type Bs—particularly just before and after the perfor-
mance, and to a lesser extent during the task.®! In addition,
it has been recently suggested that HRV as measured by the
standard deviation of HR is increased by both sympathetic
and parasympathetic arousal.®

Although the present associations were statistically not
very strong, they appeared to be highly stable in view of the
6-month interval between the metabolic and anthropomet-
ric measurements and the psychophysiological study. This is
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important, because although cardiovascular responsivity
has been found to evidence high temporal stability,% there
are rapid changes in insulin sensitivity during adoles-
cence.%

The present study indicated that the trend of physiologi-
cal response during exposure to a mentally challenging task
is an important interindividual difference independently of
the task level of the physiological response. Traditionally,
cardiovascular reactivity research has focused on the magni-
tude of the physiological response to stress (change score).
However, when the analyses were performed using change
scores in lieu of trends, the association of HR and FBV
response with insulin concentration and SSFs did not reach
statistical significance (but the association of SCL response
with STRs and SSFs was significant only when change
scores were used). It might be suggested that the trend of
response during task-induced stress might be at least as
relevant as the magnitude of response in predicting signifi-
cant response patterns during sustained real-life stress.
Studies on determinants of this kind of response-trends
during experimental stress are relatively few. However,
Matthews and Jennings have shown that type A boys had
an increase in HR reactivity with increasing exposure to
tasks relevant to type A characteristics, whereas in other
boys reactivity remained the same or decreased. Variables
associated with temperament and characteristic ways of
coping also seem likely candidates to modulate the pattern
and intensity of response to task-induced stress.5 Neverthe-
less, acquiring an understanding of factors affecting physi-
ological response-trends clearly requires further study.

To summarize, it was suggested that trends of physiologi-
cal responses to task-induced stress implicate important
individual differences in stress modulation. In addition, the
present results suggest a relationship between stress-
induced sympathetically mediated physiological responses
and the metabolic and anthropometric parameters constitut-
ing IRS in healthy adolescent boys. These findings would
argue that we should not ignore the potential role of a
defense reaction-like hemodynamic pattern in the pathogen-
esis of insulin resistance.
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