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Abstract
Purpose—Obesity, physical inactivity and altered estrogen metabolism play an integrated role
contributing to the disease risk profiles of postmenopausal women. These same risk factors also affect
modulation of the autonomic nervous system (ANS).

Methods—We examined 332 postmenopausal, overweight, previously sedentary women (Mean ±
SD; Age, 57.6 ± 6.3 y; Wt, 84.3 ± 11.9 kg; BMI, 31.7 ± 3.7 kg/m2) participating in a 6-month,
moderate intensity, aerobic exercise training intervention to determine the relationship between heart
rate variability (HRV) derived autonomic function and fasting insulin. We analyzed quartiles of
change in time and frequency domain indices of ANS activity and changes in insulin for between
and within group differences using ANCOVA and Tukey post-hoc tests adjusted for age, ethnicity,
randomization group, change in fitness, and change in weight.

Results—We observed at baseline that insulin was positively correlated with body anthropometry
(body weight, r2 = 0.34; BMI, r2 = 0.39; waist circumference, r2 = 0.29; all, P < 0.001), and inversely
associated with rMSSD (r2= −0.12) and SDNN (r2 = −0.18; all, P < 0.01). After the intervention,
changes in rMSSD (r2 = −0.21, P<0.002) and SDNN r2 −0.19, P<0.0001) were inversely correlated
to insulin change. Further ANCOVA analysis revealed that rMSSD and SDNN were both significant
(P<0.0001); however, only rMSSD exhibited a step-wise pattern of improvement when quartiles of
rMSSD were compared to corresponding insulin reductions: Q1 (referent group, 8.41 ± 3.2 uIU/ml),
Q2, (−3.30 ± −3.2 uIU/ml), Q3 (−5.66 ± −3.2 uIU/ml; P < 0.02), and Q4 (−9.60 ± −3.2 uIU/ml;
P<0.006).
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Conclusion—Our study shows that changes in autonomic function are associated with changes in
insulin and that exercise training may influence this relationship in postmenopausal women.
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heart rate variability; autonomic balance; exercise training

Introduction
Menopause represents a transitory period of physiologic changes, whereby women move from
a low to a higher metabolic disease risk profile. Central to this transition is the role of estrogen
metabolism and its influence on the health of the autonomic nervous system (ANS). Estrogen
metabolism is associated with disease protection in women prior to menopause (1). Research
indicates that premenopausal women have higher ANS function than postmenopausal women
and that estrogen influences the ANS both centrally and peripherally by suppressing
sympathetic tone and elevating parasympathetic tone (2). Part of the higher prevalence of risk
associated with postmenopausal status is the observation that continued aging, as well as
lifestyle behaviors such as diet, physical inactivity, and obesity affect the ANS, cardiovascular
disease mortality, insulin resistance and diabetes (3–5). Taken collectively, fluctuations in
endogenous hormones, coupled with lifestyle behaviors, play a major role in the age-related
ANS function of postmenopausal women (3). Several studies demonstrate a strong relationship
between reduced vagal tone, insulin and glucose concentration, and the prevalence of type II
diabetes (6)(7,8).

The examination of mechanisms surrounding the ANS and insulin is difficult and involves
elaborate feedback and feed forward mechanisms. Several studies have shown that the ANS
is responsive to alterations in insulin via the use of glucose clamp techniques (9,10). However,
one could argue that this is not “physiologic,” per se, as the insulin is given intravenously rather
than produced via the pancreas. In essence, the ANS is modulated via feedback mechanisms.
We propose that pancreatic function is more likely regulated via feed forward mechanisms and
that alterations in the ANS/insulin relationship may be a function of aging and menopause
status.

Accordingly, the balance between parasympathetic and sympathetic nervous system activity
influences pancreatic function where noradrenaline released from sympathetic nerves and
adrenaline secreted from the adrenal glands inhibits pancreatic B cells and excite A cells
(11). Whereas B cells are crowded with β2 receptors, A cells have a high concentration of α2
receptors. When noradrenaline is released from sympathetic nerves, it excites A cells by acting
on α1-receptors. Thus, it is conceivable that an ANS imbalance resulting in reduced sympathetic
nervous system activity as premenopausal women have more robust ANS function than
postmenopausal women (3,12). It can be further hypothesized that lifestyle behaviors, such as
exercise, may promote a beneficial effect on pancreatic function insulin secretion via
improvements in the autonomic balance. Clinically, ANS balance can be measured non-
invasively via HRV, where reduced HRV is associated with poor survival in individuals with
CHD, and higher risk for cardiovascular disease, type 2diabetes and insulin resistance (3–5,
7,13).

We recently demonstrated that exercise training positively increases maximal exercise capacity
in previously sedentary postmenopausal women exercising at 50% (4 kilocalories per kilogram
of body weight per week, KKW), 100% (8 KKW), and 150% (12 KKW) of the NIH Consensus
Panel physical activity recommendation on cardiorespiratory fitness in a dose-dependent
manner (14). In a recent ancillary report from the DREW cohort, we demonstrated a dose
dependent increase in all parasympathetically derived time and frequency domain
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measurements (14). Carnethon et al have also shown that an improvement in autonomic in the
lifestyle modification arm of the Diabetes Prevention Program, inclusive of physical activity,
was inversely associated with the development of diabetes independent of weight change (8).
Due to the close relationship between menopause, physical inactivity, obesity and ANS
function, we hypothesize that changes in parasympathetic activity may favorably affect fasting
insulin concentration independently of fitness and obesity.

Materials and Methods
Study Design

The Dose-Response to Exercise in postmenopausal Women trial (DREW) is a randomized,
single-center, dose-response exercise training trial in sedentary, overweight or obese
postmenopausal women with elevated blood pressure (1). The study was originally reviewed
annually by The Cooper Institute and subsequently approved by the Pennington Biomedical
Research Centers IRB for the continued analysis and publication of pertinent research findings.
Prior to participation, all participants signed a written informed consent document outlining
the procedures involved in the DREW study. The primary outcomes for DREW study included
peak aerobic capacity and resting blood pressure. We recently published a complete description
of the DREW design, methods, and primary outcomes (15,16).

Participants
In brief, DREW study participants were sedentary (exercising < than 20 minutes; <3 d/wk; <
8000 steps/d assessed over the course of 1 week), overweight or obese (BMI; 25.0 to 43.0 kg/
m2), and had a systolic blood pressure of 120.0 to 159.9 mm Hg. We excluded women who
had a history of stroke, myocardial infarction, or any serious medical condition that prevented
participants from adhering to the protocol or exercising safely. Following baseline testing
participants were randomized into the respective treatment groups. After an initial run-in
period, we randomized 464 postmenopausal women (45–75 y) to 1 of the 3 exercise training
groups or a non-exercise control for a 6-month intervention period. Cardiovascular exercise
training consisted of having women expend 4, 8, or 12 kcal/kg/week KKW. The non-exercise
training group was instructed to maintain their current level of activity during the trial period.
Exercising women participated in 3–4 supervised exercise sessions per week on a semi-
recumbent cycle ergometer and treadmill at a heart rate associated with 50% of each woman's
peak VO2 (15). Mean adherence to the prescribed exercise training was 92% with no significant
differences in adherence across treatment groups (16).

Indices of Insulin Function
During the baseline and the follow-up visit, we collected standard fasting (12 hr) blood
chemistries inclusive of insulin and glucose. As a tertiary analysis, we also calculated the
homeostatic model assessment for insulin resistance (HOMA-IR) model as a surrogate marker
of insulin resistance (17).

Heart Rate Variability
Participants reported for HRV testing in the mornings between 6:30 and 11:00 following a 12-
hour fast, having abstained from consuming caffeine-containing products and alcoholic
beverages for 12 hours and heavy exercise for 48 hours. During HRV testing, participants
rested quietly in the supine position for 25 minutes in a semi-dark room with a temperature
between 22–23°C. Participants controlled their respiration rate by breathing with a metronome
at a fixed rate of 12 breaths per minute (0.2 Hz). Beat-to-beat measurements of R-R intervals
were collected during the entire period. The R-R interval measurements were conducted at the
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same time (± 1 hour) of the day for each participant during baseline and post-test assessment
periods.

We used an IBM-compatible PC equipped with a program for signal processing and HRV
analysis (Polar Precision Performance SW 3.02, Polar Electro OY, Finland). Two-channel
ECG signal was detected by a Polar Heart Rate Monitor and transmitted online to a PC through
a Polar chest strap and Polar Advantage Interface receiver. The QRS timing accuracy of Polar
Advantage Interface is fixed to 1 ms.

We used a computer program to label each QRS complex, and the resulting signal was passed
through a filter that eliminated ectopic beats and artifacts. Additionally, an R-R interval
tachogram was displayed for manual editing and areas of ectopy or artifacts were identified
and removed. Each edited R-R interval was replaced with an average value of the surrounding
beats. Segments containing >15% of edited R-R intervals were interpreted as premature beats
and were excluded from data analysis (18). These segments accounted for <2% of edited 10-
minute intervals in every subject. HRV was quantified from the last 5 minutes of R-R interval
recording and this portion of our recordings was used to calculate time and frequency domain
indices of HRV.

For the purposes of this report, we focused our primary analysis on the time domain indices
rMSSD and SDNN to determine parasympathetic and mixed signaling activity, respectively.
We choose to focus on rMSSD because rMSSD represents the most commonly used measure
of interval differences and is a robust measure of parasympathetic modulation during short
(i.e., 5-min) recordings. As HRV data is often presented for both time and frequency domain
indices, we have included as a secondary analysis the frequency domain. We calculated time
domain indices directly from the R-R intervals of each assessment period. To examine
parasympathetic modulation, we calculated the square root of the mean of the sum of the
squares of differences between adjacent R-R intervals (rMSSD). The use of rMSSD is
considered to be a stable measure of parasympathetic modulations in heart rate (19). We also
calculated the standard deviation of all R-R intervals (SDNN), which reflects all the cyclic
components responsible for variability in the period of recording and reflective of both
sympathetic and parasympathetic modulation, although parasympathetic tone predominates in
the resting state. We obtained the frequency domain measurements by analyzing the power
spectrum quantified in three frequency bands. We reported the normalized high frequency
power (HFPLn; 0.15 – 0.40 Hz), low frequency power (LFPLn; 0.04 – 0.15 Hz), very low
frequency power (VLFPLn; 0.0033 – 0.04 Hz), and total frequency power (PTPLn; 0.00 – 0.40
Hz). While HF is mediated by variations in the parasympathetic activity, the mechanisms
underlying the LF are still inconclusive (20–22). Changes in HRV were calculated as the
difference between HRV prior the exercise training intervention and HRV post trial.

Statistical Analysis
Descriptive baseline characteristics were tabulated as mean (SD) or as percentages (Table 1).
Spearman correlation coefficients were calculated to examine pair-wise associations between
variables for both baseline values and change values (Table 2). We adjusted all our outcomes
among the randomization groups for select specified covariates including baseline HRV, race,
and use of antidepressant medication. Between-group differences at baseline and follow-up
were examined using Chi-square tests. To examine the dose-response association between
changes in HRV and changes in insulin, we examined quartiles of change in rMSSD and SDNN
as the independent variables with changes in insulin concentration as the dependent variable.
Between group differences were tested using ANCOVA with adjustment for age, ethnicity,
randomization group, change in fitness and change in weight. Within group differences were
tested using Tukey studentized range adjustment. Results are presented as adjusted least-
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squares means. All analyses were performed using SAS version 9.1 (Cary, NC) and all reported
P values are two-sided (P<0.05).

RESULTS
Overall, we randomized 464 participants into the DREW study. Of these individuals, we
obtained fasting insulin measurements and usable HRV data on 332 individuals (Mean ± SD;
Age, 57.6 ± 6.3 y; Wt, 84.3 ± 11.9 kg; BMI, 31.7 ± 3.7 kg/m2). As previously reported, the
DREW study was a well-controlled trial, completed under laboratory conditions, using the
extensive monitoring of exercise energy expenditure, heart rate, and steps taken outside of the
structured exercise prescription. Similar to previous reports, we observed a dose response
improvement in VO2max that was unaccompanied by a change in body weight following 6-
months of exercise training (16,23). Also similar to our first report, we observed significant
time effect for resting HR (P<0.0001), but not for treatment. The baseline characteristics of
our current DREW analysis are presented in Table 1 and a CONSORT diagram details the
study inclusion and exclusions criteria in Figure 1.

At baseline, we observed that insulin was significantly and positively related to body weight,
BMI, and waist circumference (all, P < 0.001; Table 2). We also observed that insulin
concentration was significantly and negatively associated with time domain indices of
parasympathetic modulation (rMSSD; P < 0.03) and mixed ANS signaling (SDNN; P<0.01,
Table 2), as well as the log normalized frequency domain indices for HF (P<0.002) and Total
power (P<0.03). After 6-m of exercise, changes in body weight were positively associated with
changes in insulin (r2 = 0.18, P < 0.002). Further, both the time domain indices of rMSSD
(r2 = −0.21; P < 0.002) and SDNN (r2 = −0.21; P<0.0001), as well as the frequency domain
indices HF (r2 = −0.21; P<0.002) and total power (r2 = −0.21; P<0.002) were negatively
associated with changes in insulin concentration (Table 3).

When we examined quartiles of change for rMSSD (Fig. 2a) and SDNN (Fig. 2b), we observed
a significant main ANCOVA statistical effect for the corresponding reduction in insulin (P <
0.0001). For rMSSD, our post-hoc comparisons showed that the corresponding reduction in
insulin (vs. Q1 as referent) occurred in a dose-dependent, step-wise fashion and was significant
for Q3 (P<0.02) and Q4 (P< 0.006). Although this pattern for rMSSD changes with insulin
remained consistent for HOMA-IR (Table 4), we did not observe significant changes in
glucose. Post-hoc comparisons of SDNN data showed that the corresponding reduction in
insulin (vs. Q1, referent) was significant for Q3 (P < 0.05).

When examining quartiles of change for HF (Fig. 3a, P<0.0008) and Total Power (Fig. 3b,
P<0.0001), we observed a significant main ANCOVA statistical effect for the corresponding
reductions in insulin. For HF, our post-hoc comparisons of showed that the reduction in insulin
was significant for Q3 (P<0.009) and Q4 group (P<0.04). However, the effect was not dose
related but rather, exhibited a plateau after Q3. When examining quartiles of HOMA-IR, we
also observed that like rMSSD, the HF component of HRV showed the change in Q3 and Q4
to be significantly greater than Q1 (Table 4). Differing from rMSSD is the observation that Q3
and Q4 were also different than Q1 when examining glucose. When examining Total Power,
our post-hoc analysis showed Q3 to be significantly lower than Q1 (P<0.004).

DISCUSSION
The primary finding of our investigation shows that an improvement in parasympathetic
modulation is associated with a reduction in insulin concentration independent of changes in
aerobic capacity in postmenopausal women. These findings are clinically important as previous
research shows that impairment of the ANS is associated with cardiovascular disease mortality,
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the prevalence of insulin resistance and diabetes and cancer (3–5,7,13,24). Cardiovascular
disease and cancer continue to be the two leading comorbidities in postmenopausal women
(25). As such, menopause represents a transitional period in a woman’s health that is partially
mediated by gonadal sex steroids that are in turn modulated by the ANS. The ANS is also
linked to a constellation of mechanisms influencing a woman’s health including the physiology
surrounding glucose regulation.

Parasympathetic modulation shifts to a lower range with normal aging (26,27). Although
parasympathetic modulation is generally higher in women than men, aging reduces the
difference between genders whereby changes in HRV begin approximately at menopause
(28,29). These changes to the ANS have both central and peripheral implications (12,30). In
our current study, we observed a distinct independent relationship between increased
parasympathetic modulation and a corresponding reduction in insulin concentration in
previously sedentary, moderately hypertensive, and overweight women participating after a 6-
month exercise intervention. Although the change we observed in insulin was not directly
related to changes in fitness, participation in cardiorespiratory exercise training does appear to
modulate HRV indices.

Overall, cardiorespiratory fitness is associated with enhanced HRV in endurance-exercise
training young and older men (31,32). This relationship is not as clear in older women where
some studies show no difference in HRV, while others report an improvement in women
exhibiting higher physical activity levels (33,34). Literature describing the use of exercise
training to modulate HRV in women is limited and difficult to interpret due to variances in
study protocol, participant age, study length, small sample sizes and the exercise training
intensity used. For example, We reported an improvement in HRV accompanying an 8-week
exercise training intervention period (37). Ito et al also observed a significant improvement in
HRV indices following 8 weeks of exercise training in mildly obese younger women (45.9 ±
4 y) (36), while Stein et al observed an improvement in HRV for older women (66 ± 4 y)
exercising at 70% of VO2max. However, Davy et al reported that 12 weeks of aerobic exercise
was not associated with improvement in HRV in eight postmenopausal women (35). Stemming
from these observations, our findings of a reduction in insulin may be a beneficial “side effect”
due to changes in autonomic balance due that is associated with exercise participation.

Autonomic balance plays an important role in women’s health as parasympathetic modulation
governs sympathetic over-stimulation of the neural input influencing pancreatic function.
Overall, the ANS modulates pancreatic function by coordinating islet cell cross-talk involved
in maintaining glucose homeostasis within a normal physiological range (11). Key to this
regulation is that when noradrenaline is released from sympathetic nerves, it excites pancreatic
A cells by acting at the α1-receptors level. Thus, an excessive release of noradrenaline could
provoke an increase in glucagon secretion resulting in over-excitation of insulin secretion from
pancreatic B cells. It is also conceivable that an imbalance in the ANS resulting in a reduction
in parasympathetic tone may create a “relative hyperinsulinemic state” due to a comparatively
higher sympathetic nervous system activity and increased glucagon output. Lifestyle
behaviors, such as exercise, may promote “corrective” effect on insulin secretion.

Our current report demonstrates a distinct dose relationship between an increase in rMSSD
and a step-wise decrease in insulin (Fig. 2a). We also observed a similar change in the HF
frequency domain analysis vs. insulin for the Q3 and Q4 groups. The HF component of the
frequency domain analysis is also associated with parasympathetic activity. Thus the pattern
of association between the time and frequency domain measures is similar, though the time
domain component of our analysis demonstrated a more robust, dose dependent relationship,
while the HF component demonstrates a plateau effect.
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It is difficult to interpret the influence of the sympathetic nervous system as HRV indices
describing sympathetic activity represent mixed sympathetic and parasympathetic signaling.
Indeed, we did not observe a significant relationship between quartiles of change in SDNN
and insulin (Fig. 2b). A similar pattern was also observed for total power within the frequency
domain; however, the relationship insulin and changes in total power appeared to exhibit a
plateau in effect, rather than one that was dose related. Given that rMSSD reflects solely
changes in parasympathetic activity, it is conceivable that HRV indices such as SDNN are not
sensitive enough to ascertain sympathetic neural influences related to overall glucose
metabolism.

Although we did not observe a reduction in fasting glucose, we did observe a significant
improvement in insulin resistance as determined by HOMA-IR. Insulin resistance is of clinical
importance as postmenopausal status is associated with a 60% increase in risk for developing
the metabolic syndrome that emerges with estrogen deficiency and changes in lifestyle
behaviors inclusive of physical inactivity (38,39). Insulin resistance is also associated with
several adverse clinical outcomes and is a central component of the metabolic disturbances
associated with the metabolic syndrome (41). In our cohort, women at baseline on average
presented with two out of three qualifying features for metabolic syndrome; specifically,
elevated waist circumferences and elevated blood pressure (40). Given the underlying etiology
surrounding the progression of metabolic syndrome, the transition from pre- to post-menopause
represents “new risk profile” that evolves more rapidly (42). Further, an improvement in
parasympathetic tone due to lifestyle changes may attenuate the likelihood of postmenopausal
women to develop metabolic syndrome in the future.

The primary strengths of the DREW study is that it is an efficacy study, using a large cohort
and a well controlled exercise dose where all exercise was completed in the laboratory using
extensive monitoring of exercise energy expenditure, heart rate, and steps taken outside of the
structured exercise prescription. All HRV indices were performed under standardized resting
conditions at the same time of the day and paced for breathing frequency. The study participants
had excellent exercise adherence and a low dropout rate. Findings from our post-hoc analysis
of the DREW study are restricted to sedentary, overweight or obese postmenopausal women
at moderate risk for cardiovascular disease. This report is a secondary outcome report and the
study participants were not recruited based on elevated insulin concentrations. Nonetheless,
our study sample is a group that is likely to benefit from exercise training and the group we
studied represents a sizeable proportion of US women in the age range of 45 to 75 years (25).
Furthermore, physical activity is common standard-of-care recommendation for all women
throughout their life span (43).

Our current findings suggest that that insulin is associated with parasympathetic nervous
system activity in postmenopausal women. Although we cannot discount an improvement in
sympathetic modulation, the mixed signaling indices of HRV collected at rest prohibits us from
substantiating this premise. In light of the fact that parasympathetic modulation is encompassed
within these mixed signaling parameters, the overall effect of an improvement in HRV status
may be more reflective of an improvement in overall ANS balance. We further hypothesize
that insulin concentration may improve from a “relative hyperinsulinemic state” that occurs
due to comparatively higher sympathetic nervous system activity when autonomic balance is
changed due to lower parasympathetic modulation. Our findings confirm those of observational
studies that have reported an association between autonomic function and markers of insulin
and glucose metabolism (6,7,44). Further study with more detailed measures of specific
components of function are needed in order to determine whether the changes are primarily
associated with parasympathetic vs. sympathetic tone.
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Figure 1.
CONSORT overview of DREW heart rate variability and insulin analysis.
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Figure 2.
Data [Mean (SD)] represent main ANCOVA statistical effects (all, P< 0.0001) among DREW
participants adjusted for age, ethnicity, randomization group, antidepressant medication,
change in fitness and change in weight for quartiles of change in time domain indices of HRV
vs. corresponding changes in insulin concentration. Panel A represents post-hoc comparisons
of change in insulin relative to quartiles of change in parasympathetic tone denoted by rMSSD,
where Q3 (P < 0.02a) and Q4 (P < 0.006b) are significantly different from Q1 (i.e., referent).
Panel B represents post-hoc comparisons of change in insulin relative to quartiles of change
in mixed signaling tone denoted by SDNN, where Q3 (P < 0.02c) and is significantly different
from Q1 (i.e., referent).
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Figure 3.
Data [Mean (SD)] represent main ANCOVA statistical effects (all, P< 0.0008) among DREW
participants adjusted for age, ethnicity, randomization group, antidepressant medication,
change in fitness and change in weight for quartiles of change in frequency domain indices of
HRV. Panel A represents post-hoc comparisons of change in insulin relative to quartiles of
change in parasympathetic tone denoted by HF, where Q3 (P < 0.009a) and Q4 (P < 0.04b) are
significantly different from Q1 (i.e., referent). Panel B represents post-hoc comparisons of
change in insulin relative to quartiles of change in mixed signaling tone denoted by Total
Power, where Q3 (P<0.004c) is significantly different from Q1 (i.e., referent).
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Table 4

Data represent quartiles of change in rMSSD, SDNN, and corresponding changes in glucose and Homa-IR.

rMSSD

Q1: < −2.4 Q2: −2.4 – < 2.5 Q3: 2.5 – < 8.0 Q4: > 8.1

Glucose (mg/dL) −0.27 ± 0.9 0.73 ± 0.9 −1.89 ± 0.9 −2.39 ± 0.9

Homa-IR a 0.33 ± 0.1 −0.12 ± 0.1 −0.28 ± 0.1 b −0.44 ± 0.1 b

SDNN

Q1: < −2.9 Q2: −2.9 – < 2.2 Q3: 2.2 – < 8.0 Q4: > 8.0

Glucose (mg/dL) −0.99 ± 0.9 −0.11 ± 0.9 −1.6 ± 0.9 −1.05 ± 0.9

Homa-IR 0.20 ± 0.1 0.11 ± 0.1 −0.63 ± 0.1 −0.19 ± 0.1

High Frequency

Q1: < −56.3 Q2: −56.3 –
<39.8

Q3: 39.9 –
165.8

Q4: > 165.8

Glucose (mg/dL) a −0.28 ± 0.9 0.72 ±0.9 −2.48 ± 0.9 b −1.77 ± 0.9 b

Homa-IR a 0.12 ±0.1 0.08 ±0.1 −0.42 ±0.1 b −0.29 ± 0.1 b

Total Power

Q1: < −2.9 Q2: −2.9 – < 2.2 Q3: 2.2 – < 8.0 Q4: > 8.0

Glucose (mg/dL) −1.04 ± 0.9 −0.40 ± 0.9 −0.75 ± 0.9 −1.61 ± 0.9

Homa-IR a 0.16 ± 0.1 0.04 ± 0.1 −0.49 ± 0.1 b −0.24 ± 0.1

Data (mean ± SE)

a
Significant main (ANCOVA) statistical effect adjusted for age, ethnicity, randomization group, change in fitness and change in weight

b
Significant Tukey post-hoc statistical effect compared to the referent group (Q1; p<0.05)
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