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Stress is a normal human physiological reaction that can unfavorably affect the body, such as cardiac 
and immunological disturbances. Several articles have shown how stress can affect the immune status. 
This study was designed to assess the impact of stress on the immune system using the WBC count as 
an indicator of immune status in the human body. In a tertiary care teaching hospital, a prospective 
observational study was carried out with a total of 309 samples collected; two complete blood counts 
were observed for each patient, one at the anesthesia clinic one week before the surgery and the 
other on the day of the surgery immediately following the beginning of the surgery; and each patient 
answered a Hospital Anxiety Depression Scale form just before presenting to the operating room for 
stress level assessment. Representative serum samples from patients with and without anxiety were 
assessed for proinflammatory and anti-inflammatory profiles via ELISA. In our study of 309 patients, 
31.4% experienced stress, with the majority being females. Age did not significantly impact stress 
levels, but preoperative preparation and information gathering were significantly related to stress (P 
value.05), as the mean stress was highest among those using online searching as their primary source 
of information. The difference in immune mediators (WBCs, lymphocytes, and neutrophils) before and 
on the day of surgery was correlated with stress, with WBCs and lymphocytes showing a statistically 
significant decrease in P values (0.019, 0.016). In contrast, neutrophils increased acutely (P value.006). 
A total of 71.4% of patients suffering from postoperative complications were stressed before the 
procedures, with a strong association (P value of 0.003). In addition, the levels of the proinflammatory 
cytokines IL-1b, IL-6, TNF-a, and IL-2 were significantly increased by 4-, 10-, 2-, and 3-fold, 
respectively, in the sera of participants who were anxious compared with those who had no anxiety. 
Stress is associated with decreased WBCs and lymphocytes, and increased neutrophils. Therefore, 
stress should be considered a modifiable preoperative risk factor. Incorporating psychological 
assessments in anesthesia clinics may help identify and manage patients with high anxiety. The use of 
anxiolytics could be considered in selected cases, pending further evaluation of evidence.
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Abbreviations
WBCs	� White blood cells
HADS	� Hospital Anxiety Depression Scale
MAGPIX test	� Multiplexed sandwich enzyme-linked immunosorbent assay-based technology
HAP	� Hypothalamic–Pituitary Adrenal
TNF	� Tumor necrosis factor
IL-2	� Interleukin 2
IL-6	� Interleukin 6
IL-1B	� Interleukin 1 beta

Stress is a normal human physiological reaction. When the human body experiences a change or challenges 
(stressors), it produces physical and mental responses to adjust to the new situation. This can be positive, keeping 
us alert, motivated, and ready to avoid danger. However, stress is known to cause many other physiological 
changes that can unfavorably affect the body, such as cardiac and immunological disturbances. Stress is subjective 
and cannot be precisely measured; it can be estimated by a health care provider via many assessment tools1.

As this study aimed to investigate the effect of stress on the immune system, we found that the WBC count 
was the best indicator of immune status in the human body.

A white blood cell (WBC) count is a test that measures the number of white blood cells in the body and is 
often included with a complete blood count (CBC), which is commonly used to screen for different conditions 
that may affect overall health2. The immune system’s goal is to defend the body from pathogenic organisms and 
from substances that the body would be harmed by. White blood cells, or immune system cells, are carried by 
blood throughout the body and are also found in many organs, such as the bone marrow, thymus, lymph nodes, 
and spleen. White blood cells are present in a variety of varieties, but lymphocytes are the most crucial in this 
situation. The normal range is typically between 4,000 and 11,000/month in most healthy individuals3.

Moreover, stress is linked to modifications in the way the immune cell’s function. In other words, after stress, 
there is a noticeable decrease in both lymphocyte proliferation and natural killer cell activity. The available data 
suggests that stress may reduce functional immune system competence. Emotional stresses such as the death of 
a family member, divorce, and major depression all have immunological links, that is, depressed lymphocyte 
counts and decreased responsiveness of lymphocytes to mitogens4. There is a clear effect of acute stress on 
neutrophils, in which it causes an acute and abrupt increase in neutrophil count and thus plays an important role 
in immunity, as neutrophils are important immune cell mediators5.

To conduct this study, we had to look for specific populations who are experiencing certain life events that are 
supposed to be preceded by a significant amount of stress. A very good example of these populations is patients 
undergoing elective surgeries. These patients are supposed to express significant levels of stress and anxiety 
before surgery.

Elective surgery is a planned, nonemergency surgical procedure. In this study, elective surgeries were much 
preferred over emergency surgeries. Elective surgery differs from emergency surgery in that patients have time 
to prepare themselves and to be prepared for surgery, so we will have enough time to assess their preoperative 
stress. In addition, attempting to assess the stress level in a patient requiring emergent medical intervention may 
delay treatment, which may cause serious harm to the patient.

Preoperative care is the physical and psychological aid given to a patient before surgery to ensure their 
safety, as the preoperative period lasts from the time the patient is scheduled for surgery until they are taken to 
the operating room. Many preoperative tests and clinical evaluations can be performed during a preoperative 
outpatient session, one week or more before surgery, in addition to the preoperative care provided in the hospital. 
For example, studies suggest that individuals who are more stressed before surgery report greater postoperative 
complications, such as infections, pain, and long recovery times6.

In Palestine, there is a lack of literature reviews and medical research on psychological health issues. 
Therefore, this study aimed to explore the association of stress and preoperative psychological preparation with 
immune function, inflammatory markers, and surgical outcomes among adults undergoing elective surgeries 
under general anesthesia.

Methods
Study design and setting
A prospective observational study was conducted between August and November 2023 among patients 
undergoing elective surgeries at An-Najah National University Hospital in Nablus, Palestine.

Study population
Our study included patients who underwent elective surgeries under general anesthesia and were older than 
18 years at Al-Najah National University Hospital. All emergent and urgent surgeries; patients with infection, 
splenectomy, pregnancy, clinically diagnosed blood disorders, malignancies or psychological disorders; and 
patients taking drugs affecting WBC count, such as antibiotics, anticonvulsants, antihistamines, antithyroid 
drugs, arsenicals, barbiturates, chemotherapy, diuretics, sulfonamides, beta blockers, corticosteroids, 
epinephrine, heparin, and lithium, were excluded.

Sample size and sampling technique
According to the Palestinian health information center, our estimated population will be around (131000). By 
using Raosoft with a 5% margin of error, 95% confidence interval, and 1.96 Z score, the minimum required 
sample size was 294, adding 10% for error reduction, with a sample size = 309. The participants were recruited 
via a convenient sampling technique, ensuring that they met the inclusion criteria.
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Measurement tool, validity, and reliability
The participants’ data were collected, and they were asked to provide informed consent for a self-administered 
questionnaire. It was taken from a standardized Hospital Anxiety Depression Scale (HADS). The HADS is a self-
reported 14-item rating scale with a 4-point Likert scale (ranging from 0 to 3). It is designed to measure anxiety 
and depression (7 items for each subscale). The total score is the sum of the 14 items, and for each subscale, the 
score is the sum of the respective seven items ranging (from 0 to 21) and is divided into three categories: normal 
(0–7), borderline abnormal (8–10) and severe stress (11–21). However, in our study, we divided the data into no 
stress (0–8) and stress (9–21) groups according to previous studies, which revealed that the optimal cutoff was 
> 9 units for the HADS-A score and > 7 units for the HADS-D score. A demographics section was added at the 
beginning of the questionnaire, which included age, sex, and preoperative patient preparation.

This scale was used in previous studies, such as “Psychological distress and associated factors among 
Palestinian advanced cancer patients: A cross-sectional study”, which was published online in 20227. Additionally, 
the Arabic version of the scale that we used in our study has been confirmed to be a reliable and valid tool to 
assess mood states in hospitalized patients in a study titled “Development and Validation of Arabic Version of 
the Hospital Anxiety and Depression Scale”, which was published in the Saudi Journal of Anesthesia in 20178.

We also recorded the WBC, neutrophil, and lymphocyte counts at the clinic no more than one month before 
the surgery and on the day of surgery. This questionnaire was appropriate for our study, as we wanted to assess 
the level of anxiety as an acute process before surgery and its relationship with the WBC on the day of surgery.

We collected 309 paper questionnaires in which each patient completed the survey while preparing for the 
operation in the day care department. We then entered patients’ information into an online Google form for 
better ranking, preparing for analysis.

Sample collection
Blood samples from patients diagnosed with anxiety were collected into serum separator tubes (SST, gold-top) 
and allowed to clot at room temperature for approximately 30 min. Samples were centrifuged at 1500–2000 × 
g for 10 min to obtain clear serum. Serum samples were aliquoted and stored at -80 °C until cytokine analysis. 
Two CBCs were collected: the first was routinely done at the anesthesia clinic, and researchers recorded the 
readings from the medical files at An-Najah National University Hospital. The second blood sample, drawn 
immediately during the anesthesia induction phase before surgery, was processed by the specialized staff at An-
Najah National University Laboratory to perform both the CBC and the cytokine analysis using serum obtained 
from the same blood sample.

Background variables and outcomes
Immunity status of patients determined via WBC counts and lymphocyte and neutrophil percentages as immune 
system mediators. Surgical outcomes (postoperative complications) were assessed by calling patients and asking 
about fever, wound infection, and any local or systemic signs of inflammation within 72 h after surgery.

Luminex MAGPIX tests
Multiplexed sandwich enzyme-linked immunosorbent assay‐based technology (Cat# MHSTCMAG-70 K; R&D 
Systems) was used to simultaneously determine the concentrations of multiple cytokines (IL-6, IL-2, IL-1β, IL-
10, and TNF-α). Samples from each group were analyzed as described in the manufacturer’s instructions.

Statistical analysis
The data were coded, categorized, and entered into the Social Science Statistical Package (IBM-SPSS), version 
21.0. Descriptive statistics are presented as frequencies and percentages for categorical variables and medians 
and interquartile ranges (IQRs) for continuous variables. The Pearson test was used to assess correlations. Either 
the chi-square test or Fisher’s exact test, as appropriate, was used to test the significance of differences between 
categorical variables. The Mann‒Whitney test was used for differences in the means between categories. The 
significance level was established at a p-value < 0.05.

Results
A total of 309 patients participated in the study. The mean age of the participants was 43.08 years (ranging from 
27 to 59), with 70.6% male and 29.4% female. Most of the patients were prepared preoperatively by their doctors 
(71.5%) (Table 1).

Table  2 displays the influence of demographic variables on patients’ stress levels. While age was not 
significantly associated with stress (P = 0.146), other factors were noteworthy. The participants aged 18–28 years 
reported the highest stress at a rate of 29.9%, whereas the oldest group reported very minimal stress. Gender 
differences were evident: with a P value of less than 0.001, women experienced stress more frequently (52.7.4%) 
than men did. The impact of preoperative preparation on stress was also statistically significant, as the majority of 
respondents (41%) attributed stress to their research via the internet. These findings underscore the importance 
of considering demographic factors when assessing stress in clinical settings.

Table 3 presents the effects of stress and preoperative preparations on patients’ outcomes postoperatively. 
Both factors had a statistically significant effect on postoperative complications, with P values of 0.003 and 
0.002, respectively. Most of the patients with wound infection experienced stress (70%), and 75% of the patients 
with systemic inflammatory symptoms were stressed preoperatively. While 80% of patients complaining of local 
infection had their preoperative preparation by searching websites, half of those who experienced systemic 
infection were prepared by their doctors, and the other half were prepared by searching on the internet for 
general knowledge about their surgery. Notably, none of the patients whose information was obtained from a 
scientific brochure were susceptible to postoperative complications.
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Table  4 indicate that there is a significant and worthwhile relationship between stress and our immune 
system indicators (leukocytes, lymphocytes, and neutrophils), in which there was an obvious decrease in both 
leukocytes and lymphocytes among stressed patients, with values of 0.019 and 0.016, respectively. Otherwise, the 
mean neutrophil count increased during acute stress, with a P value of 0.009.

Table 5 shows that there was no statistically significant relationship between preoperative preparation and 
changes in WBCs, lymphocytes, or neutrophils, as there was no significant difference between their means post- 
and preoperatively. The P values were 0.334, 0.812, and 0.752, respectively.

Figure 1 indicates that there were significantly increased levels of the proinflammatory cytokines IL-1b, IL-6, 
TNF-a, and IL-2 by 4-, 10-, 2-, and 3-fold, respectively, in the sera of participants who were anxious compared 
with those who had no anxiety. On the other hand, the concentration of the anti-inflammatory cytokine IL-
10 was 2.3-fold lower in the anxiety group than in the control group, which indicates a disturbance in the 
inflammatory balance of that particular group. These findings underscore the role of acute stress and anxiety in 
the immune system and could provide insights into potential therapeutic targets.

Multiplexed sandwich enzyme-linked immunosorbent assays were used to determine simultaneously 
the concentrations of IL-1β, IL-6, TNF-α, IL-2, and IL-10. Analyses were performed as described by the 
manufacturer’s kit. The data are presented as the means ± SDs (n = 10 in healthy donors and n = 15 in people with 
anxiety). Significance was determined via Newman–Keuls two-way analysis of variance (ANOVA). Interleukin 
1 beta (IL-1β), interleukin 6 (IL-6), tumor necrosis factor-alpha (TNF-α), interleukin 2 (IL-2), and interleukin 
10 (IL-10).

Variables

Stress

No Stress Stress P value

Age 0.146

  18–28 47 29

  29–39 40 18

  40–50 40 22

  51–61 45 21

  62–72 32 6

  73–83 8 1

  Total 212 97

Gender 0.001

  Male 169 49

  Female 43 48

  Total 212 97

Preoperative preparation 0.051

  The Doctor 157 64

  Searching on internet 46 32

  Scientific brochure 9 1

Total 212 97

Table 2.  Impact of demographic variables on stress.

 

Variable n % Mean ± SD

Age 43.08 16.08

  18–28 76 24.6%

  29–39 58 18.8%

  40–50 62 20.1%

  51–61 66 21.4%

  62–72 38 12.3%

  73–83 9 2.9%

Gender

  Male 218 70.6%

  Female 91 29.4%

Preoperative preparation

  The Doctor 221 71.5%

  Searching on internet 78 25.2%

  Scientific brochure 10 3.2%

Table 1.  Demographic profile of patients.
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Discussion
The current study findings revealed that 31.4% of patients who participated experienced stress. Furthermore, 
many studies indicate a link between preoperative stress and poor patient outcomes, which suggests that 
significant levels of patient-reported preoperative anxiety independently predict a greater risk of in-hospital 

Preoperative
preparation

Leucocytes

F df
P
valuePre Post

The Doctor 7.7640 6.8230

1.100 2/305 0.334Internet 7.9578 6.9128

Scientific
brochure 7.8030 6.0500

Preoperative
preparation

Neutrophils %

F df P valuePre Post

The Doctor 58.5755 60.714

0.209 2/305 0.812Internet 61.9400 59.881

Scientific
brochure 58.3872 59.950

Preoperative
preparation

Lymphocytes %

F df P valuePre Post

The Doctor 30.7286 30.7460

0.285 2/305 0.752Internet 31.0977 31.2372

Scientific
brochure 32.0700 33.0200

Table 5.  Impact of preoperative Preparation on the change of immune system indicators.

 

Stress

Leukocytes

F Df P valuePre Post

Stress 7.7216 6.4485
5.559 1/306 0.019

No stress 7.8565 6.9910

Stress

Neutrophils %

F Df P valuePre Post

Stress 58.741 62.641
6.968 1/306 0.009

No stress 58.589 59.536

Stress

Lymphocytes %

F Df P valuePre Post

Stress 30.9805 29.5320
5.870 1/306 0.016

No stress 30.8124 31.5895

Table 4.  Impact of stress on the change of immune system indicators.

 

Postoperative complications

Free
Wound
infection

Systemic
inflammation P value

Stress 0.003

  No stress 208 3 1

  Stress 87 7 3

  Total 295 10 4

Preoperative preparation 0.002

  The Doctor 217 2 2

  Searching on
internet 68 8 2

  Scientific
brochures 10 0 0

  Total 295 10 4

Table 3.  The influence of postoperative outcomes by stress and preoperative complications.
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mortality or major morbidity9. Thus, to reduce preoperative stress, it is necessary and recommended that every 
patient have their anxiety assessed. Although there were a few cases of postoperative complications (4.5%), this 
might be attributed to the antibiotics being administered to patients post-operation, potentially masking the 
occurrence of these complications. According to our study, 71.2% of patients who experienced complications 
after surgery were suffering from anxiety preoperatively, which is consistent with many studies that emphasized 
that increasing preoperative anxiety levels lead to disrupted recovery from anesthesia, control of postoperative 
pain, and patient satisfaction10,11. In our study, there was no direct correlation between changes in white blood 
cells and complications after the operation, so we cannot prove that changes in white blood cells, neutrophils, or 
lymphocytes increase the chance of postoperative complications.

In our study population, stress among females was greater than that among males, which is consistent with 
other studies indicating that female patients reported significantly more preoperative anxiety than male patients 
did12,13. Another study revealed that females have higher anxiety levels and that women have greater immune 
responsiveness than men do; moreover, sex hormones can alter immune responses, potentially increasing their 
susceptibility to autoimmune disorders and stress-related issues, thereby increasing their immune status14.

An evaluation of the effects of age groups on anxiety revealed that age was not found to affect anxiety levels, 
as individuals across all age groups presented similar levels of anxiety; thus, there was no specific age group 
susceptible to stress or a change in immune state. Several previous studies have shown that anxiety varies by age 
group, with younger people showing greater susceptibility to stress and worry under different conditions15,16.

White blood cells (WBCs) and their differentials were utilized as immune mediators, in alignment with a 
similar previous study, which revealed significant and positive relationships between stress-induced changes 
in perceived stress and the number of leukocytes and neutrophils and negative relationships between stress-
induced changes in the CD4+/CD8 + ratio and stress-induced changes17. This study revealed that patients who 
experienced anxiety had a lower mean white blood cell count than did those who did not, which was statistically 
significant and compatible with another study that clarified the complex interaction between WBCs and stress. 

Fig. 1.  Concentrations of multiple cytokines in healthy and anxious serum.
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Humans respond to acute stress by increasing the quantity of leukocytes, or white blood cells, in the blood. 
These leukocytes originate from the lymph nodes, bone marrow, and spleen, among other locations. However, 
as the stress disappears, these cells either return to their original compartments or migrate to other organs (such 
as the skin or lungs). Leukocytes enter the bloodstream minutes after stress begins. Monocytes, lymphocytes, 
T helper cells, cytotoxic T cells, B cells, and natural killer cells all decrease in number throughout this phase, 
but neutrophils continue growing. Understanding the entire dynamics of this response is essential. While later 
measures predominantly show trafficking (decreased numbers), early measurements during stress primarily 
reflect mobilization (increased numbers). This disparity explains why, during and after acute stress, human 
studies frequently indicate an increase in blood leukocyte counts, whereas other studies show decreases5.

This study is highly coherent with our study in which there was a significant correlation between the changes 
in lymphocytes and neutrophils and stress levels. There was a clear increase in the neutrophil percentage among 
stressed patients, which is explained above, and in contrast, there was a significant decrease in the lymphocyte 
count. Similar results have been obtained in many studies that demonstrated how stress levels affect the numbers 
and functions of leukocytes and their precursors and that the immunological response decreases with increasing 
stress exposure18. Some stressors lead to the activation of the hypothalamic‒pituitary‒adrenal (HPA) axis as 
well as the sympathetic nervous system, thereby interfering with immune and inflammatory signals. Several 
proinflammatory cytokines have been associated with systemic inflammation, and their modulation of mood 
and appetite has been suggested to contribute to anxiety. The study’s findings revealed significantly increased 
levels of IL-1β, IL-6, TNF-α, and IL-2, along with a notable decrease in IL-10, reflecting a disruption in the 
inflammatory balance among anxious patients. These results reinforce the role of acute stress and anxiety in 
modulating immune responses and may help identify potential therapeutic targets.

This phenomenon is further illustrated by findings from a physiological stress model involving parachutists, 
where researchers measured plasma catecholamine and cortisol levels in addition to enumerating blood T and 
NK cells. The number of T and NK cells increased immediately after a high jump, followed by a significant 
decrease one hour later, highlighting the dynamic and time-sensitive nature of immune cell trafficking in 
response to acute stress19.

According to previous studies, stressors stimulate the hypothalamic‒pituitary‒adrenal axis and the 
sympathetic nervous system, which disrupts immunological and inflammatory responses. Proinflammatory 
cytokines are linked to systemic inflammation. Research comparing the cytokine profiles of people with 
and without anxiety revealed increased levels of proinflammatory cytokines and decreased levels of anti-
inflammatory cytokines, indicating that stress plays a role in immune responses and immunity. A meta-analysis 
of 34 studies was performed that measured circulating inflammatory markers, and 15 studies that measured 
stimulated production of inflammatory markers before and after exposure to acute stress were included. The 
results revealed significant stress-related increases in the levels of circulating interleukin (IL)-1β, IL-6, IL-10, and 
tumor necrosis factor (TNF), but not in the levels of IL-1ra, IL-2, interferon-γ, or C-reactive protein20.

The study revealed that the sources of preoperative information about the procedure significantly affect stress 
levels. In particular, individuals who obtained information from the internet experienced higher levels. This 
highlights the importance of engaging with healthcare providers to reduce anxiety. Previous studies have debated 
the effect of preoperative education on post-surgery pain10. Some studies, such as “Preoperative education for hip 
or knee replacement,” have suggested that preoperative education stratified according to physical, psychological, 
and social needs can be beneficial, especially for patients with depression, anxiety, or unrealistic expectations21.

In this research, our strengths included ease of communication with patients, the presence of an anesthesia 
clinic that facilitates access to patient information and laboratory results preoperatively, the ability to draw blood 
samples during surgery, and the ease of transporting samples to a laboratory at the university to obtain CBCs.

However, there were several limitations, such as the collection of samples from a single hospital, which 
might affect the ability to generalize our results. Another difficulty we faced was the inability to accurately 
assess postoperative complications due to antibiotic intake post-operation as a protocol in the hospital and the 
difficulty of asking patients one by one about their complications, as many of them did not respond immediately 
or at the right time.

Conclusion
This study sheds light on how deeply preoperative anxiety can shape patients’ postoperative experiences, not 
only in terms of surgical complications but also in their immune responses, as seen through changes in leukocyte 
counts. Women in particular appeared more vulnerable to preoperative stress, while age did not show a clear 
pattern. These observations reaffirm the importance of preparing patients psychologically, not just medically, 
before surgery. Providing emotional support and clear information may ease patients’ anxiety and potentially 
reduce postoperative complaints. Future studies are encouraged to delve deeper into how stress affects immune 
function and to evaluate whether safe, evidence-based interventions, such as anxiolytics, could support patients’ 
physical and psychological recovery alike.

Data availability
All data from the current work are obtainable from the corresponding author. a.hanani@najah.edu.
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