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Research Paper
Changes in IL-1 and IL-10 levels After Allogeneic 
Packed Red Blood Cell Transfusion in Patients 
Undergoing Primary Total Hip Arthroplasty

Background: Allogeneic packed red blood cell (PRBC) transfusion is commonly used in 
orthopedic surgery, but its role in transfusion-related immunomodulation (TRIM) remains unclear. 
We aimed to evaluate the effects of allogeneic PRBC transfusion on serum levels of interleukin-1 
(IL-1) and interleukin-10 (IL-10) in patients undergoing primary total hip arthroplasty.

Methods: In this prospective comparative study, we enrolled 70 patients undergoing primary 
total hip arthroplasty. They were divided into two groups of 35 matched for gender and age, 
including the transfusion group (received allogeneic PRBCs stored for approximately 20 days) 
and the control group. Serum IL-1 and IL-10 levels were measured in triplicate using the enzyme-
linked immunosorbent assay (ELISA)  method at three time points: Baseline, day 1 after surgery, 
and day 7 after surgery. Data were analyzed using repeated-measures ANOVA and Pearson’s 
correlation test.

Results: Baseline IL-1 and IL-10 levels were similar between groups (P>0.05). Post-operatively, 
the control group showed a significant elevation in IL-1, reaching 273±28 pg/mL on day 7 
compared to baseline (P<0.001). In the transfused group, IL-1 declined to 141±16 pg/mL by day 
7, significant compared to day 1 (P<0.05), whereas IL-10 showed a 3.8-fold increase to 93±9 pg/
mL (P<0.001). On day 7, a significant negative correlation between IL-1 and IL-10 was observed 
in the transfused group (r=−0.64, P<0.01), and the IL-10/IL-1 ratio was significantly higher in 
this group than in controls (0.66 vs 0.18, P<0.001).

Conclusion: The findings suggest that allogeneic PRBC transfusion is associated with a shift 
from a pro-inflammatory to anti-inflammatory post-operative cytokine pattern, supporting the 
TRIM concept and a cautious perioperative transfusion strategy.  

Keywords: Transfusion-related immunomodulation (TRIM), Allogeneic transfusion, 
interleukin-1 (IL-1), interleukin-10 (IL-10), Total hip arthroplasty
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Introduction

llogeneic packed red blood cell (PRBC) 
transfusion is a standard procedure during 
major orthopedic surgeries, including total 
hip arthroplasty, to control bleeding [1-4]. 
However, in addition to the known acute 
risks, there is accumulating evidence that 
allogeneic blood may alter the recipient’s 

immune system through a process called transfusion-
related immunomodulation (TRIM) [1-5]. The clinical 
effect of TRIM varies depending on the particular cir-
cumstances of each patient. Although immunosuppres-
sion may be beneficial for organ transplantation, it is 
generally disadvantageous in orthopedic surgery [1–5, 
6-9]. Existing data suggest that TRIM may increase the 
risk of post-operative complications such as surgical site 
infections and delayed tissue healing by shifting the im-
mune response from a pro-inflammatory state to an anti-

inflammatory profile [3–5, 8-10]. This immunological 
shift is due to a balance of various cytokines. Interleu-
kin-1 (IL-1) serves as a critical mediator of the early in-
flammatory response, while interleukin-10 (IL-10) func-
tions as a potent anti-inflammatory cytokine involved in 
regulating and suppressing the immune response [1–3, 8, 
9, 11]. If a shift towards the IL-10-dominant profile oc-
curs during the post-operative period, this could poten-
tially impair the host immune response and compromise 
both infection control and tissue repair [8, 9, 11-13].

Since the balance between IL-1 and IL-10 may deter-
mine the post-operative immune response, examining 
their perioperative changes may shed light on the immu-
nological effects of transfusion. In this study, we aimed 
to examine the perioperative changes in serum IL-1 and 
IL-10 levels following perioperative treatment in patients 
undergoing primary total hip arthroplasty. By comparing 
patients who received allogeneic PRBC transfusion with 

A

Highlights 

● Allogeneic PRBC transfusion was associated with altered postoperative cytokine levels.

● Transfused patients showed lower IL-1 levels on day 7 post-operation.

● IL-10 increased 3.8-fold in the transfused group by day 7 post-operation.

● IL-1 and IL-10 levels were inversely correlated in the transfused group.

● The IL-10/IL-1 ratio was higher in the transfused group on day 7 post-operation.

Plain Language Summary 

Total hip replacement is a common operation that can involve considerable blood loss. Some patients therefore 
receive red blood cells donated by another person. Although transfusion can be essential, it may also influence the 
immune system. This study examined whether receiving donated packed red blood cells (PRBC) was associated 
with changes in two immune proteins, interleukin (IL)-1 and IL-10, after hip replacement surgery. IL-1 generally 
supports inflammation, whereas IL-10 helps regulate and limit inflammatory responses. The study included 70 patients 
undergoing primary total hip replacement. Thirty-five patients received a red blood cell transfusion, and 35 did not. 
Blood samples were collected before surgery, on the first day after surgery, and seven days after surgery. The levels 
of IL-1 and IL-10 were then measured and compared between the two groups. Before surgery, the two groups had 
similar levels of both cytokines. By postoperative day 7, patients who received a transfusion had lower IL-1 levels and 
higher IL-10 levels than those who did not receive a transfusion. The IL-10 level increased approximately 3.8-fold 
compared to baseline in the transfused group. The balance between IL-10 and IL-1 levels was also higher in transfused 
patients. In this group, higher IL-10 levels were associated with lower IL-1 levels on day 7 post-operation. These 
findings suggest that red blood cell transfusion is associated with a more strongly regulated, less inflammatory immune 
response during the first week after hip replacement. These findings may help researchers investigate how transfusion 
relates to recovery, infection risk, and wound healing. However, the study shows an association and does not prove that 
transfusion directly causes the mentioned immune changes. Studies with larger sample sizes are needed to determine 
its clinical importance.
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non-transfused peers, we sought to determine whether 
transfusion is linked to altered immune homeostasis dur-
ing the early post-operative period.

Materials and Methods

Study design and participants

This is a prospective comparative study. We enrolled 
70 patients who were scheduled for elective primary to-
tal hip replacement. They were divided into two groups 
matched for sex according to their need for intraopera-
tive transfusion: Transfusion group (n=35; patients who 
received an allogeneic PRBC transfusion) and control 
group (n=35; patients who did not receive any blood 
transfusion during the perioperative period). Inclusion 
criteria were: Age 20–65 years, preoperative hemoglo-
bin >10 g/dL and hematocrit >30%, and no allogeneic 
blood transfusion in the preceding three months. Exclu-
sion criteria were active infection or inflammatory dis-
ease, autoimmune disorders (e.g. rheumatoid arthritis, 
systemic lupus erythematosus), current or recent use of 
corticosteroids, chemotherapy, or other immunosuppres-
sive agents; history of malignancy, hematologic disease, 
or chronic renal/hepatic insufficiency; need for extra 
blood components (platelets or fresh frozen plasma), 
and documented allergic reactions to prior transfusions. 
To minimize variability related to storage lesions, each 
patient in the transfusion group received one unit of al-
logeneic PRBCs obtained from a national blood bank, 
and the units were used at approximately 20 days post-
donation. The transfused units were non-leukoreduced 
and unprocessed.

Sample collection and processing

Five milliliters of peripheral venous blood were col-
lected at three time points: T0 (15 minutes before surgi-
cal incision), T1 (24 hours after surgery), and T2 (7 days 
after surgery). Samples were centrifuged at 3000 rpm 
for 10 minutes, and serum was separated, aliquoted, and 
stored at -70 °C. In order to minimize inter-assay varia-
tion, all samples were analyzed in a single batch, and 
repeated freezing/thaw cycles were avoided [14].

Cytokine quantification

The serum concentrations of IL-1 and IL-10 were 
determined using high-sensitivity sandwich ELISA 
(enzyme-linked immunosorbent assay) kits (R&D Sys-
tems, Minneapolis, MN, USA) according to the manu-
facturer’s instructions. The serum samples were loaded 
into microplates pre-coated with the relevant antibodies. 

After incubation and washing to remove unbound pro-
teins, the enzyme-linked detection antibody was added. 
After a second incubation, the plates were washed again, 
and color development was started using the substrate 
solution [14]. The reaction was then terminated, and the 
optical density was measured at 450 nm by a microplate 
reader (HumaReader HS, Wiesbaden, Germany). The 
standard curve for each test was used to calculate cy-
tokine concentrations. To ensure accuracy, all samples 
were analyzed in triplicate, and the mean values were 
used for the statistical analysis. 

Statistical analysis

Statistical analysis was performed in SPSS software, 
version 26 (IBM Corp., Armonk, NY, USA). The con-
tinuous variables were described as Mean±SD or median 
(range), and the categorical variables as number (per-
centage). The Shapiro-Wilk test was used to determine 
whether the data distribution was normal. Between-
group comparisons were performed using the indepen-
dent samples t-test for normally distributed continuous 
variables, the Mann–Whitney U test for non-normally 
distributed continuous variables, and the chi-square test 
for categorical variables. Changes over time in each 
group were evaluated using repeated-measures analy-
sis of variance (ANOVA) followed by a post-hoc test. 
Also, using Pearson’s correlation test, the relationships 
between IL-1 and IL-10 levels were assessed. Statistical 
significance was set at 0.05.

Results

Demographic and clinical characteristics

The study included 70 patients undergoing primary to-
tal hip arthroplasty, divided into the transfusion Group 
(n=35) and the control group (n=35). Both groups were 
matched for age, gender, and duration of surgery, with 
no significant differences in baseline characteristics 
(P>0.05) (Table 1). No perioperative complications as-
sociated with the study procedures were observed, and 
all patients fulfilled the study protocol.

Longitudinal analysis of IL-1 level

At baseline (T0), there was no significant difference in 
serum IL-1 level between the transfusion (77±8 pg/mL) 
and control (81±6 pg/mL) groups (P=0.68). Significant 
differences were observed in both groups post-operative-
ly. In the control group, IL-1 levels increased gradually 
from 165±12 pg/mL at T1 to 273±28 pg/mL at T2, which 
is higher than the baseline values (P<0.001). In the trans-
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fusion group, IL-1 levels increased to 178±15 pg/mL at 
T1 and then significantly declined to 141±16 pg/mL at 
T2 (P<0.05; Figure 1A). A comparison between the two 
groups did not show a significant difference in IL-1 level 
at T1 (P>0.05). However, at T2, IL-1 levels were signifi-
cantly higher in the control group than in the transfusion 
group (273±28 vs 141±16 pg/mL, P<0.01), almost twice 
as high as in the transfusion group.

Longitudinal analysis of IL-10 level

At baseline (T0), there was no significant difference in 
serum IL-10 level between the transfusion (24±5 pg/mL) 
and control (25±6 pg/mL) group (P>0.05). Significant 
differences were observed in both groups post-opera-
tively. In the control group, IL-10 levels increased signif-
icantly to 49±7 pg/mL at T2 compared to T0 (P=0.042). 
In the transfusion group, IL-10 levels increased to 35±6 
pg/mL at T1 and further increased to 93±9 pg/mL at T2, 

representing a 3.8-fold increase from baseline (P<0.001; 
Figure 1B). The comparison between the two groups 
showed that IL-10 concentration was significantly high-
er at T2 in the transfusion group compared to the control 
group (93±9 versus 49±7 pg/mL, P<0.001).  

Cytokine correlation and balance analysis 

To evaluate the relationship between IL-1 and IL-
10 levels, their correlation was analyzed at T2 in both 
groups. In the transfusion group, a significant negative 
correlation was observed (r=−0.64, P<0.01), but no sig-
nificant correlation at T2 was observed in the control 
group (P>0.05). The ratio of IL-10 to IL-1 at T2 was ad-
ditionally compared between the groups. The transfusion 
group showed a significantly higher IL-10/IL-1 ratio than 
the control group (0.66±0.08 vs 0.18±0.03, P<0.001). It 
was 3.6 times higher than that in the control group.

Table 1. Demographic/clinical characteristics of participants

Characteristics
Median (range)/No. (%)

P*

Total (n=70) Control Group (n=35) Transfusion Group (n=35)

Age (y) 51 (20–65) 50 (22–64) 52 (20–65) 0.74

Sex
Male 34 (48.6) 16 (45.7) 18 (51.4)

0.81
Female 36 (51.4) 19 (54.3) 17 (48.6)

*Mann–Whitney U test for age and the chi-square test for sex. 

Figure 1. Temporal profile of perioperative cytokine concentrations

Note: Comparison of serum IL-1 (A) and IL-10 (B) concentrations between the transfusion group (n=35) and the control group 
(n=35) at baseline (T0), post-operative day 1 (T1), and post-operative day 7 (T2). Data are presented as Mean±SD. Between-
group comparisons were performed using independent t-tests, and within-group temporal changes were evaluated using 
repeated-measures ANOVA. Significant differences between groups were observed at T2 (P<0.05). Error bars represent the 
standard deviation (SD).
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Discussion

Our findings indicate that intraoperative transfusion of 
allogeneic red blood cells (RBCs) in patients undergoing 
primary total hip arthroplasty is associated with a distinct 
postoperative cytokine pattern. This pattern was charac-
terized by a gradual suppression of the pro-inflammatory 
IL-1 response accompanied by a reciprocal increase in 
anti-inflammatory IL-10 levels. These findings suggest 
that even a single perioperative transfusion of allogeneic 
blood may be sufficient to influence the recipient’s im-
mune response. This systemic shift is consistent with 
the concept of transfusion-related immunomodulation 
(TRIM) [1–5, 6, 8, 9, 15].

Interpretation of the IL-1 and IL-10 pattern 

We hypothesize that the divergent postoperative patterns 
of IL-1 and IL-10 observed in the transfused cohort reflect 
a shift toward an anti-inflammatory state. This immuno-
logical alteration may be attributable, at least in part, to 
bioactive substances present in stored blood units. During 
storage, RBC units accumulate residual donor leukocytes, 
microparticles, bioactive lipids, and inflammatory media-
tors as components of the storage lesion [4, 5, 12, 13, 16]. 
Following transfusion, these components may interact 
with the recipient’s cellular and humoral immune systems 
and activate regulatory pathways. 

From this perspective, the observed increase in IL-10 
may represent a counter-regulatory feedback response 
that suppresses downstream pro-inflammatory signal-
ing and attenuates the expected postoperative increase 
in IL-1 concentrations [3, 4, 6, 9, 10]. These findings 
suggest that the postoperative cytokine profile is not 
determined solely by surgical trauma. Rather, it may 
reflect a dynamic interaction between the host response 
to surgery and the immunological effects of the trans-
fused blood, whereby the biological characteristics of 
the transfused product modify the recipient’s underlying 
cytokine milieu [1–3, 8].

Comparison with previous literature

Direct comparative studies examining postop-
erative changes in the IL-1/IL-10 axis in orthopedic 
populations remain scarce, underscoring the novelty 
of the present findings. Most previous clinical stud-
ies have focused on general immune cell counts or 
broad clinical outcomes rather than specific pairs of 
regulatory cytokines [1–4, 6–10, 17, 18]. Neverthe-
less, the trends observed in our study are broadly con-
sistent with findings from related surgical models. 

Previous research in a comparable orthopedic population 
demonstrated that allogeneic transfusion altered the ki-
netics of TNF-α and TGF-β, two key mediators involved 
in pro-inflammatory and immunoregulatory responses, 
respectively [14]. This pattern is consistent with our 
findings for IL-1 and IL-10 and suggests that allogeneic 
transfusion may affect multiple components of the post-
operative inflammatory network. Similarly, Ghorbani et 
al. documented systemic immunomodulatory responses 
following allogeneic transfusion in patients undergoing 
total hip arthroplasty, further supporting the relevance of 
TRIM in joint reconstruction [8]. The immunological ef-
fects of donor blood are also highlighted by studies of 
intraoperative cell salvage, in which avoidance of allo-
geneic blood exposure was associated with better preser-
vation of baseline immune homeostasis [12]. 

Evidence from the broader surgical literature also sup-
ports our observations. Previous reviews have suggested 
that allogeneic blood products may alter recipient im-
mune responsiveness through multiple mechanisms [1–
3, 7, 10], many of which are related to the accumulation 
of microvesicles, bioactive lipids, and cytokines during 
storage [4, 5, 12, 13, 16]. Extracellular vesicles, includ-
ing exosomes, may also contribute to transfusion-related 
immunomodulation. These nanosized vesicles can be 
released from stored RBCs and interact with immune 
cells in the recipient [19]. Through such interactions, ex-
tracellular vesicles may promote macrophage polariza-
tion toward an anti-inflammatory phenotype [20, 21], a 
mechanism consistent with the post-transfusion cytokine 
changes observed in our study.

In contrast, Pandey et al. reported minimal cytokine 
changes following transfusion [16], and comparable 
findings were described by Roets et al. in a spine sur-
gery cohort [17]. Such discrepancies may be attribut-
able to methodological heterogeneity among studies. In 
addition to differences in sampling intervals, analytical 
thresholds, and assay sensitivity, study findings may be 
influenced by the type, processing method, and storage 
duration of the transfused blood product. These factors 
are important determinants of the storage lesion but are 
frequently insufficiently documented. In particular, cyto-
kine measurements obtained immediately after surgery 
may fail to capture the delayed immunological changes 
associated with TRIM [3, 4, 9, 10, 16].

Biological and clinical implications

From a biological perspective, our findings suggest 
that allogeneic RBC transfusion may shift the recipient’s 
immune response toward a more regulated and poten-
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tially hyporesponsive state. This shift may have clinical 
implications because a postoperative reduction in IL-1 
accompanied by an increase in IL-10 could impair mi-
crobial clearance and potentially increase susceptibility 
to surgical-site infection or delayed wound healing [3, 
4, 6–10]. In orthopedic surgery, where patients are often 
older, frail, or particularly vulnerable to implant-associ-
ated infections, even modest immunological alterations 
may influence postoperative recovery. 

These observations also support a cautious and individ-
ualized approach to perioperative transfusion. Although 
our findings do not establish causality, the association 
between allogeneic RBC transfusion and an altered IL-1/
IL-10 balance reinforces the rationale for restrictive yet 
clinically appropriate transfusion thresholds, compre-
hensive patient blood management, and the use of au-
tologous cell salvage when feasible [12, 17]. 

The magnitude of TRIM may also depend partly on the 
characteristics of the transfused product. Leukoreduc-
tion, processing methods, and storage duration warrant 
further investigation as potentially modifiable determi-
nants of the recipient’s immune response [4, 5, 9, 13]. 
Future studies should employ standardized sampling 
schedules, document the characteristics of each trans-
fused unit, and assess relevant postoperative clinical out-
comes alongside cytokine changes. Such an approach 
could help determine whether modifying product-related 
factors has a measurable effect on TRIM or postopera-
tive recovery.

Strengths and limitations

A major strength of this study is its focus on a well-de-
fined and clinically relevant orthopedic population. The 
concurrent measurement of IL-1 and IL-10 also enabled 
us to examine postoperative changes in both pro- and 
anti-inflammatory signaling rather than evaluating either 
response in isolation. In this respect, our findings extend 
previous research on transfusion-related immunomodu-
lation by providing paired cytokine data in an orthopedic 
surgical setting [8, 12, 14, 17].

Nevertheless, several limitations should be acknowl-
edged. First, transfusion exposure was not randomly as-
signed, and residual confounding by indication cannot be 
excluded. The findings should therefore be interpreted 
as evidence of an association rather than a direct causal 
effect. Second, although the sample size was sufficient 
to identify statistically significant differences in cytokine 
levels, it limited our ability to adjust for all potentially 
relevant clinical confounders. Third, circulating cyto-

kine concentrations may not fully reflect local immune 
responses at the surgical site. Finally, we did not charac-
terize leukocyte subsets, microparticle profiles, extracel-
lular vesicles, bioactive lipids, or soluble mediators in the 
transfused units. Consequently, the present results cannot 
establish the specific biological mechanisms underlying 
the observed cytokine changes [3-5, 10, 12, 13, 16].

Further studies incorporating a broader range of cellular 
and humoral immune markers at multiple preoperative 
and postoperative time points, with extended follow-up, 
are needed to clarify the mechanisms underlying TRIM. 
Particular attention should be given to the type of blood 
component, the number of RBC units transfused, prod-
uct-processing methods, storage duration, and exposure 
to allogeneic versus autologous blood. Characterization 
of residual leukocytes, extracellular vesicles, bioactive 
lipids, and soluble mediators within transfused units may 
help identify the product-related factors that contribute 
to post-transfusion immune alterations [3–6, 12, 13, 15].

Conclusion

Intraoperative allogeneic RBC transfusion was associ-
ated with a postoperative shift in cytokine balance, char-
acterized by lower IL-1 and higher IL-10 levels. This 
pattern is consistent with an immunoregulatory response 
and broadly aligns with the existing literature on TRIM. 
Although these findings do not establish causality, they 
provide additional evidence that allogeneic transfusion 
may influence the recipient’s perioperative immune 
state. Recognition of this potential effect supports judi-
cious transfusion practices and highlights the importance 
of considering both patient- and product-related factors 
when planning perioperative blood management.
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