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Introduction
Stress is a ubiquitous phenomenon in our 
everyday lives and can be defined as any 
extrinsic or intrinsic stimulus that evokes 
a biological response. Body’s physiological 
and psychological responses are activated 
in different ways to help the person to adapt 
to stressful situation.[1] This compensatory 
response, also known as stress response, 
helps the body to cope with stressful 
situation.[2] However, if the intensity of 
stress passes beyond a threshold, it has the 
potential to cause health problems.[3]

The stress response system comprises the 
autonomic nervous system  (ANS) and the 
hypothalamic‑pituitary–adrenal  (HPA) axis, 
both of which act in a coordinated manner 
in response to activation by a stressor. ANS 
quickly promotes physiological changes, 
leading to the release of catecholamines 
into blood circulation. Activation of the 
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Abstract
Aims and Objectives: To evaluate salivary alpha‑amylase  (sAA) levels for determining 
stress variations in patients undergoing spinal anesthesia for infra‑umbilical surgery. 
Materials and Methods: One hundred and twenty subjects  (age 18–65  years) planned for 
infra‑umbilical surgery under spinal anesthesia were included and allocated to Groups  A and B 
ensuring age and sex matching. In both groups, sAA levels  (S1 to S4) were assessed sequentially 
at different times  (E1 to E4). S1 and S2 were collected on the evening before surgery  (E1) and in 
the preoperative room on the day of surgery  (E2), respectively. Thereafter, in Group A, S3 and S4 
were collected before  (E3) and 15  min after spinal anesthesia  (E4), following which intravenous 
Midazolam was given. In Group B, intravenous Midazolam was administered first, S3 was collected 
5  min later  (E3), spinal anesthesia was administered and S4 was collected after15  min  (E4). 
Results: In both groups, sAA levels showed a mild increase from E1 to E2  (not significant). 
Thereafter from E2 to E3 and E3 to E4, a significant sharp rise in sAA levels in Group  A and 
a significantly acute decline in Group  B was noted. Mean sAA levels in Group A were higher as 
compared to group B (P < 0.005) in E3 and E4. Conclusion: Sequential documentation of increase 
in sAA levels in our study, starting with the baseline levels, presents a comprehensive report of the 
stress that the patients experience during preoperative period and reinforces the need of anxiolytic 
before spinal anesthesia.
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HPA axis, a hormonal system, culminates 
with the release of cortisol, its downstream 
hormone, from the adrenal cortex, minutes 
after activation. Activation of HPA and ANS 
induce dramatic changes in the constituents 
of secreted saliva, as a result of which 
salivary proteins, such as Alpha‑amylase 
and Cortisol undergo corresponding 
changes. Salivary cortisol is the standard 
indicator of HPA axis activity,[4] while 
ANS activity can be measured in humans 
using sAA as a surrogate marker. Changes 
in these salivary parameters sensitively 
reflect variations in stress levels and since 
saliva can be sampled noninvasively, these 
can be utilized as sensitive and reliable 
stress indicators. Cortisol reaches its peak 
in a longer time, shows diurnal variation, 
carry‑over effect and is difficult to 
measure.[5] This study plans to use salivary 
alpha‑amylase  (sAA) as noninvasive 
objective biomarker to sequentially 
document preoperative stress level 
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variations in patients planned for infra‑umbilical surgery. 
We plan to further validate our results by giving intravenous 
Midazolam at different points of time preoperatively and 
compare the respective sAA levels to generate objective 
evidence for the most appropriate time in preoperative 
period for administration of anxiolytics. It is assumed that 
not just surgical procedures, but the whole atmosphere of 
the operation theater and anesthetic procedure will induce 
stress in patients. We hope that sequential documentation 
will help in having a holistic understanding of the 
preoperative stress and assist in developing individualized 
treatment plans for the patient.

Materials and Methods
This comparative study was conducted in the Department 
of Biochemistry,  (institute name removed for blinding) 
in collaboration with the Department of Anesthesia after 
approval from the Institutional Ethical Committee and in 
accordance with the Helsinki declaration. Patients in the 
age group of 18–65  years, admitted for infra‑umbilical 
elective surgery under spinal anesthesia from July 2019 
to February 2020, were enrolled for the study after 
taking written informed consent. Patients with expected 
unpredictable levels of preoperative stress such as those 
undergoing onco‑surgery/emergency surgery and those 
on preoperative analgesic therapy or having any other 
associated systemic factor which may alter levels of stress 
biomarkers such as hormonal therapy, antidepressants, 
antipsychotics, anticholinergic drugs, and pregnancy were 
excluded from the study.

A total of 120 patients fulfilling the inclusion and exclusion 
criteria were included. Subjects were assigned to Group A 
and B by the anesthetist, ensuring matching of baseline 
parameters such as age and sex. In both groups, four saliva 
samples were collected at four different events  (E1 to E4) 
for the estimation of sAA and samples were numbered (S1 
to S4) corresponding to the events. For both groups, S1 
and S2 were collected on the evening before surgery  (E1) 
and in preoperative room on the day of surgery  (E2), 
respectively. Thereafter in patients assigned to Group‑A, 
S3 was collected on OT table before spinal tap (E3). Then, 
spinal anesthesia was administered and S4 was collected 
15  min later  (E4). This was followed by administration of 
I/V Midazolam  (0.04  mg/kg diluted to a total volume of 

5 ml) for intra operative anti‑anxiety and sedative effect. In 
patients assigned to Group  B, I/V Midazolam in the same 
dose was first administered on OT table before the spinal 
tap. After 5 min of the same, S3 was collected (E3). Spinal 
anesthesia was then administered and S4 was collected 
after 15 min (E4).

Specimen  (saliva) collection and salivary alpha‑amylase 
analysis

Strict methodological recommendations were used to 
collect saliva sample, so that factors that influence and 
add variance to saliva‑based stress biomarker measurement 
outcomes may be avoided.[6] After explaining the procedure 
to the patients, saliva was collected using a test strip placed 
carefully under the patient’s tongue for exactly 30 s. It 
was then transferred to test tube containing pre‑measured 
phosphate buffer and was analyzed for sAA on 
Erba‑Transasia Semi Autoanalyzer.[7] Appropriate internal 
and external quality controls were run before analyzing 
samples.

Statistical analysis

Statistical analysis was done using the Statistical Package 
for the Social Sciences software version  26 (SPSS Inc, 
Chicago, IL, U.S.A.). The collected data was analyzed 
using descriptive (mean ± standard deviation for continuous 
and frequency for categorical variables) and inferential 
statistics  (independent t‑test and Chi‑square test). Changes 
in sAA over the time were analyzed using Repeated 
Measures Analysis of Variance (ANOVA).

Results
Table  1 summarizes the variations in mean values of 
sAA at all four different time events in Groups A and B, 
respectively. The two groups were comparable with respect 
to age, sex, and all included patients underwent spinal 
anesthesia for infra‑umbilical surgery.

A repeated‑measures ANOVA was conducted to compare 
the sAA in both groups. Mauchly’s test indicated that the 
assumption of sphericity had been violated, therefore the 
Huynh–Feldt corrected tests are reported. There was a 
significant interaction between time and group  (F  [2.42, 
285.65] = 145.1, P  <  0.0001). Post hoc comparisons 
indicated that there was no significant difference in sAA 

Table 1: Variations in mean values (estimated marginal means reported) of salivary alpha‑amylase from E1 to E4 in 
both groups
sAA (U/ml)

Characteristics Mean (SE) Mean difference (95% CI) P
Group A Group B

Event 1 158.36 (11.72) 159.37 (11.72) -1.008 (-33.830-31.813) 0.95
Event 2 184.08 (15.56) 177.37 (15.56) 6.728 (36.858-50.315) 0.76
Event 3 258.37 (14.55) 113.88 (14.55) 144.487 (103.714-185.259) 0.001
Event 4 504.40 (16.51) 86.58 (16.51) 417.823 (371.572-464.074) 0.001
sAA: Salivary alpha amylase; SE: Standard error; CI: Confidence interval
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level between the two groups at time E1  (P  =  0.95) and 
time E2  (P  =  0.76). There was a significant difference 
between the two groups at time E3 and E4, with Group A 
having higher sAA levels than Group  B  (P  =  0.001 and 
P = 0.001, respectively) [Table 1 and Figure 1].

Event‑wise percentage changes in sAA level in Group  A 
and B  [Figure  2] in both groups showed a mild increase 
from E1 to E2 (P value not significant). Thereafter from E2 
to E3 and E3 to E4, a significant sharp rise in sAA levels 
in Group  A and a significantly acute decline in Group  B 
were observed. Mean sAA levels in Group A were higher 
as compared to Group B (P < 0.005) in E3 and E4.

Discussion
Recently there has been an increased focus on evaluating 
the impact of stress on specific health outcomes which may 
assist in planning timely interventions to improve quality 
of life in patients. Subjective tools based on patients’ 
self‑reporting in the form of psychological questionnaires, 
for example, state‑trait anxiety inventory score and visual 
analogue score  (VAS) have been conventionally utilized 
for stress evaluation. These, however, tend to be unreliable 
and compromised. On the other hand, biomarkers are 
quantifiable and reliable indicators of a physiological 
process. Body fluids such as plasma, serum, urine, and 
saliva are increasingly being used for stress assessment.[3] 
However, invasive procedures such as venepuncture may 
induce mental stress[8] and thus act as confounding factor. 
Noninvasive and easy to measure stress‑responsive 
biomarkers are now being preferred as objective tools to 
predict and monitor stress both in research and in clinical 
practice.[3,9] For our study, in the process of looking for a 
biomarker which is valid, noninvasive, and easy to collect, 
we did an extensive literature search and shortlisted three 
most commonly used biomarkers i.e. sAA, salivary cortisol 
and plasma catecholamines. After a lot of deliberation, we 
decided to use sAA as an established sensitive, reliable 
and valid biomarker for stress. Researchers have reported 

an association between plasma catecholamines and sAA 
in both physical and mental stress, indicating the potential 
of sAA as a marker of ANS activity.[10] An extensive 
meta‑analysis by Batista et  al.[3] conferred salivary cortisol 
and sAA as efficient biomarkers for evaluating stress, 
emphasized their use to monitor and prevent stress‑related 
pathologies and reported sAA to elicit a more sensitive 
response than cortisol. Due to minimally invasive nature 
of collection and the ease of analysis, sAA samples could 
be collected repeatedly in subjects of all age groups with 
minimal training.

Many studies have reported an increase in stress in response 
to varied nonsurgical situations such as mild‑to‑moderate 
exercises,[11‑13] sky diving,[14] mental arithmetic test,[15] 
noise exposure,[16] Trier Social Stress Test,[4,17] academic 
assessment stress,[18] stressful videos viewing,[19] etc. 
Studies have also evaluated variations in stress during 
surgery[5,6,20‑25] and during anesthesia.[26] Guglielminotti 
et  al.[27] evaluated stress in pregnant females scheduled for 
caesarean section on being shifted to the operating room. 
In our study, to generate clear evidence of variations in 
preoperative stress levels, patients were divided into two 
groups; one received anxiolytic before spinal anesthesia 
and the other received it after spinal anesthesia but before 
the surgical procedure. The anxiolytic was advised in low 
dose to achieve conscious sedation, resulting in stress relief 
while providing the easily controllable level of sedation, 
anterograde amnesia, rapid and clear‑headed recovery and 
with no side effects.[28,29]

A mild increase in sAA level was observed in both 
groups on being shifted to the preoperative room from 
the comfort of the ward. This shot up sharply in Group‑A 
indicating an acute rise in stress as he/she faced the 
operation theatre environment and underwent spinal tap. 
Contrastingly, in Group  B, there was a sharp fall in sAA 
levels after anxiolytic administration. It is an interesting 
conclusion that stress in the preoperative period, as evident 
by sAA levels, increased significantly on being shifted to 
the operative room and still more before receiving spinal 

Figure  1: Comparison of salivary alpha amylase levels in the study 
participants of both groups at the time points E1, E2, E3, and E4

Figure 2: Comparison of event-wise percentage change in salivary alpha-
amylase levels in study participants of both groups
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anesthesia, thus reinforcing the fact that not just the surgical 
process, but acute stress of spinal tap, impending surgery 
or related environmental variables are equally stressful 
to patients. Our results also revalidate and reinforce the 
most appropriate time for giving an anxiolytic to be, not 
just before the surgical procedure but, before the spinal 
tap (anesthetic procedure) itself.

Evaluation of stress, that the patient is undergoing, 
is important to be assessed, as high anxiety in the 
preoperative phase may not only increase dissatisfaction 
but also prolong the duration of the procedure, increase the 
risk of complications and requirement of sedative/analgesic 
drugs.[30] At this point, we argue that documentation of 
stress only in the operative room, as done in many studies, 
lacks evidence of baseline sAA activity which varies from 
patient to patient. Sequential documentation of stress 
levels starting from the day before surgery in the ward and 
ending with spinal anesthesia helped us to comprehensively 
evaluate the stress that the patient went through.

We agree that despite ensuring matching of baseline 
parameters such as age and sex, some other variables 
might still act as confounding factors, and this is a definite 
limitation of our study. To the best of our knowledge, this 
is the first study of its kind where the progressive stress 
experienced by the patient consecutively at four different 
times preoperatively, including the baseline levels, was 
measured using objective marker in a comparative manner. 
We emphasize that sequential documentation of stress 
levels, through a noninvasive technique like sAA levels, 
can help in individualizing treatment plans for the patients 
and to improve the overall treatment outcome.

Conclusion
In this study, sequential documentation of sAA, starting 
with the baseline levels, comprehensively represents stress 
that the patients experience during the preoperative period. 
This includes the stress of spinal tap, impending surgery, 
or related environmental variables. Our results reinforce 
the most appropriate time for giving an anxiolytic; not only 
before the surgical procedure but before the spinal tap. We 
hope that an all‑inclusive evaluation of preoperative stress 
may help in optimizing patient care.
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