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Background. The study aim was to determine the kinetics of serum pro- and anti-inflammatory cytokines and
C-reactive protein (CRP) in hip-fracture patients over a month postfracture, and their relationship to postoperative (postop)
complications and cognitive level.

Methods. Forty-one elderly hip-fracture patients were prospectively followed. Serum was obtained during the first
10 hours postfracture and presurgery, 48–60 hours postop, 7 and 30 days postop, measuring CRP, interleukin-1b (IL-1b),
IL-6, IL-8, tumor necrosis factor-a (TNF-a), IL-10, and IL-1 receptor antagonist (IL-1RA).

Results. A significant increase was found postop for CRP, IL-6, TNF-a, IL-1RA ( p , .001), IL-10 ( p , .002), and
IL-8 ( p ¼ .05). CRP kinetics curves were higher in patients with complications as a group, and in those suffering from
infections, delirium, and cardiovascular complications ( p , .05). IL-6 increase in patients with complications approached
significance. Additional complications appeared in patients with impaired mental status (IMS) versus cognitively normal
patients ( p ¼ .037). Higher kinetics curves in the IMS patients were found for CRP and IL-6 ( p , .05). Analyzing the
interaction effect of complications and IMS on CRP and cytokines production demonstrated that the increase in CRP was
independently related to complications and IMS. IL-6, IL-8, and IL-10 were higher in IMS patients but not in patients with
complications without IMS ( p , .05).

Conclusions. Serum CRP and cytokines increased drastically in postop hip-fracture elderly patients. Only CRP
significantly and independently increased in IMS patients and in patients with complications, whereas cytokines
significantly increased only in IMS patients. This study raises questions about possible effects that cytokine generation,
after hip-fracture repair, might have on cognition and complications.

FRACTURE of the hip is one of the most common and
potentially devastating injuries in the elderly popula-

tion. Its incidence sharply increases in most areas of the
world due to aging of the population and to age-related
increase in fractures (1).

The elderly experience several changes in immune func-
tion, mainly in T-cell functioning. However, inconsistencies
in age-associated cytokine production have been reported
(2). Increased inflammatory activity reflected by high serum
level of interleukin-6 (IL-6), tumor necrosis factor-a (TNF-
a), and C-reactive protein (CRP) have been widely studied
(3,4). In addition, IL-6 has been implicated in the path-
ogenesis of several chronic diseases associated with aging,
including osteoporosis, Alzheimer’s disease, atherosclero-
sis, sarcopenia, and neoplasia and is tightly regulated and
normally undetected in the serum of healthy young indi-
viduals unless compounded by trauma, infection, or other
stress (5,6).

It has been suggested that an age-associated increase in
IL-6 might explain the ‘‘chronic inflammation’’ appearance
of some elderly individuals, even in the absence of an
inflammatory focus (5). The role of inflammation in the
pathogenesis of Alzheimer’s disease is based on histopath-
ological brain studies, circulating peripheral inflammatory

factors, and on the fact that certain anti-inflammatory drugs
could modify the course of the disease (6,7). Senile plaques
in Alzheimer’s disease are associated with reactive astro-
cytes, activated microglial cells, overexpressing cytokines,
and acute phase proteins (6). Several investigators reported
increased blood levels of IL-1b, IL-6, and antichymotrypsin
in patients with Alzheimer’s disease (8) and that gene
polymorphism of IL-1a, IL-1b, and IL-6 are associated with
an increased risk of the disease (9). The long-term prospec-
tive association between dementia (mainly Alzheimer’s dis-
ease and vascular dementia) and CRP was demonstrated in
men participating in the Honolulu–Asia Aging Study (10).

Very few studies have been reported on cytokines and
CRP dynamics in hip-fracture-operated patients. Oka and
colleagues (11) examined serum changes of IL-6 and CRP
in elective nonorthopedic postoperative (postop) patients,
concluding that circulating IL-6 is a valuable marker in early
detection and prediction of postoperative complications.
Conversely, Giannoudis and colleagues (12) studied ortho-
pedic blunt trauma victims, and concluded that early assess-
ment of CRP and IL-6 was not beneficial in diagnosing
sepsis and that their levels following trauma should be
assessed with caution. Ellitsgaard and colleagues (13)
studied 140 hip-fracture-operated patients and found high
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serum CRP levels in postop bronchopneumonia and deep
wound infections.

The study by White and colleagues (14) of elective total
knee or hip replacements concluded that any upward trend
in the CRP level after the third postop day may suggest
infection. In a similar study, Wirtz and colleagues (15)
measured IL-6 and CRP levels and found IL-6 to be a
superior marker for the inflammatory phase after knee or hip
replacement.

To the best of our knowledge, no previous study has
investigated the major cytokines associated with inflamma-
tion (proinflammatory: IL-1b, IL-6, IL-8, TNF-a; antiin-
flammatory: IL-1 receptor antagonist (IL-1RA), IL-10) in
elderly hip-fracture-operated patients. We chose these
cytokines, which are the most studied in inflammation and
in elderly persons, and dementia (6).

Our objectives were to determine the kinetics of serum
proinflammatory and antiinflammatory cytokines and CRP
in elderly hip-fracture-operated patients over a month after
fracture, to determine the relationship between these
cytokines and postop complications and 6-month postop
mortality, and to compare the kinetics of these cytokines and
CRP in patients stratified by the Mini-Mental State
Examination (MMSE) score (16).

METHODS

Patients and Setting
All elderly patients operated on for hip fracture between

June 2001 and January 2002 in the Department of
Orthopedics Golda Campus, Rabin Medical Center, were
included in the study. Exclusion criteria were: age �65
years, multitrauma cases such as vehicle accidents, death
expected within several days or weeks due to end-stage
disease, and patients suffering from infections or chronic
inflammatory conditions, those on antiinflammatory drugs,
and those hospitalized after more than 10 hours postfracture.
Data collected on admission included age, sex, chronic
medical conditions, medications, type of fracture, and pre-
hospital functional status. Follow-up data included length of
stay, mortality due to complications, and functional out-
come. All complications were confirmed by clinical,
bacteriological, sonographic, and radiological parameters.
Delirium was diagnosed using the Confusion Assessment
Method (CAM) algorithm (17). Cardiovascular complica-
tions included cardiac ischemia or infarction and arrhyth-
mia. After stabilization, most patients were transferred from
the department to a rehabilitation hospital, while the re-
mainder were sent home or to a nursing home.

Measurements and Laboratory Data
A multidisciplinary team headed by a geriatrician and

consisting of a geriatric nurse, occupational therapist, and
physical therapist performed a cognitive and functional
comprehensive geriatric assessment. The diagnosis of de-
mentia was based on the Diagnostic and Statistical Manual
of Mental Disorders, 4th Edition (DSM-IV) (18), requiring
multiple cognitive deficits including memory impairment

and other cognitive disturbances and significant social or
functional decline from a previous level of functioning. The
team discussed each patient weekly, taking into account
patient medical history, MMSE scores (16), functional and
social preop status and patient functioning, and attitude and
conduct during rehabilitation to classify the patient as
demented or not. The MMSE (16) was performed by the
geriatrician or by the occupational therapist and was used to
determine cognitive level. Each patient was assessed on Day
1 of hospitalization, then reassessed after stabilization and
during rehabilitation with the higher score being recorded.
Patients were classified into two cognitive groups: impaired
mental status (IMS) (score � 23) and normal (24–30
points). Dementia was defined according to criteria detailed
in the DSM-IV (18). The multidisciplinary team performed
a comprehensive geriatric assessment and discussed each
patient weekly to ascertain functional and mental status.

The Katz Index of Activities of Daily Living (ADL)
(19) was used to categorize the patients into 3 prefracture
functional groups: independent, partially dependent, and
fully dependent according to a score of 10–12, 6–9, and
0–5 points out of 12, respectively. The scale has 6 items
(bathing, dressing, toilet use, feeding, bed-to-chair transfer,
and walking). The American Society of Anesthesiologists
(ASA grading) system was used to measure the severity of
patients’ health problems at admission (20). We combined
these grades into two categories: grades I þ II and grades
III þ IV.

Following the Helsinki Committee’s approval and in-
formed written consent given by the patient or proxy,
venous blood samples were obtained four times, to measure
CRP, IL-1b, IL-6, IL-8, TNF-a, IL-10, and IL-1RA, during
the first 10 hours postfracture and presurgery, at 48–60
hours, and at 7 and 30 days postop, respectively. CRP was
measured by nephelometric assay on an Array 360 Protein
System (Beckman Coulter, Fullerton, CA) and was ex-
pressed in milligrams per deciliter (mg/dL). Serum levels of
cytokines were measured by solid-phase enzyme-linked
immunosorbent assay (ELISA) kits (R&D Systems, Min-
neapolis, MN). This assay uses the quantitative ‘‘sandwich’’
enzyme immunoassay technique. Determination of IL-1b
and TNF-a was performed using high sensitivity immuno-
assay kits (Quantikine HS; R&D Systems) as described
previously (21,22). Cytokine levels are expressed in pico-
grams per milliliter, and in Log of their values in picograms
per milliliter. The minimal detection levels of the cytokine
assays (in picograms per milliliter) are: IL-1b¼ 0.05, IL-6¼
5, IL-8 ¼ 4, TNF-a ¼ 4, IL-10 ¼ 3.2, IL-1RA ¼ 22.

Statistical Analysis
An analysis of variance (ANOVA) test with repeated

measures was performed to determine within-patient effects
of time (four measurements) and between-patient effects
(complications [patients with complications vs patients
without complications], cognitive groups, ASA grading,
type of operation, aspirin use, and cardiovascular and
cerebrovascular diseases) of CRP and of Log cytokines.
Continuous variables (i.e., IL-6) were compared using the
two-tailed Student t test. Categorical variables (i.e., com-
plications) were compared by the chi-square test (or Fisher’s
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exact test). The Pearson correlation test was used to assess
the relationship between continuous variables. Results are
expressed as mean 6 standard error of the mean (SEM).

RESULTS

Ninety-four hip-fracture elderly patients were hospital-
ized during the study period. Seventeen were excluded
because of their arrival more than 10 hours postfracture. Of
the remaining 77 patients, only 41 were willing to partic-
ipate in the study and were not excluded by the exclusion
criteria. Their mean age was 81.8 6 7.7 years, range 68–97
years. Only three were prefracture nursing home patients.
Gender, mental status, prefracture functioning, fracture type,
chronic medical conditions, ASA grading, and complica-
tions are summarized in Table 1. After surgery, 1 patient died
in the Orthopedics Department, 2 went home, 1 returned to
his nursing home, and the other 37 patients were transferred
to a rehabilitation facility. After a 6-month follow-up, 7
(17%) patients had died. Mean levels of CRP and cytokines
in the four time periods are detailed in Table 2.

Relationship Between CRP and Cytokine Levels and
Complications

As a group, significant within-patient effects of the four
time periods were found for CRP, IL-6, TNF-a, IL-1RA
( p , .001), IL-10 ( p , .002), and IL-8 ( p ¼ .05), but not
IL-1b (p ¼ 0.3). Nineteen patients experienced 29 compli-
cations (Table 1). CRP and cytokine levels were compared
in patients with and without complications. Different kinet-
ics curves were found for only CRP ( p¼ .004, Figure 1) and
IL-6 ( p ¼ .06). A separate comparison of each complica-
tion’s patient group, with the group of patients without any
complications, showed different kinetics curves for CRP
and infections ( p ¼ .03); CRP, IL-6, and cardiovascular
complications ( p , .001 and p ¼ .02, respectively); and
CRP, IL-8, and delirium (p¼ .008 and p¼ .08, respectively).

There were significantly more complications in IMS
patients (9/12) compared to the cognitively normal patients
(10/29) ( p ¼ .037). However, there was no correlation
between age and complications.

Relationship Between CRP, Cytokine Levels to
Cognition, Age, ASA Grading, Type of Operation,
Cardiovascular Diseases, and Survival

Significantly higher kinetics curves in the IMS patients
compared to the cognitively normal patients were found for
CRP and IL-6 ( p , .001), IL-8 (p¼ .003), and IL-10 ( p¼
.006) (Figure 2); borderline significance was found for
IL-1RA ( p ¼ .076) but not for IL-1b and TNF-a ( p . .2)
(Table 3). The mean presurgery IL-1RA value was higher
in the IMS patients than in the cognitively normal patients
( p ¼ .04).

No correlation was found between CRP, cytokine pro-
duction, and age. In addition, no significant differences were
found when comparing kinetics of CRP and cytokines in ASA
Grades IþII versus Grades IIIþIV, type of operation (nailing
vs hemiarthroplasty), use of aspirin (yes or no), cardiovas-
cular and cerebrovascular diseases, or between patients who
died or survived during the 6 months after the operation.

Interaction Between Cognition and Complications in
CRP and Cytokine Production

As CRP and some cytokines had higher kinetic curves
both in patients suffering from complications and in IMS
patients, we simultaneously analyzed the within-patient
effects of each variable (complications or IMS) on CRP and
cytokine production and investigated any possible interac-
tion. We found that the increase in CRP was independently
due to both complications and IMS (p¼ .005 and p¼ .001,
respectively), and the interactions approached statistical
significance (p ¼ .06). In short, IMS patients with compli-
cations had a higher CRP than did IMS patients without
complications. IL-6, IL-8, and IL-10 showed a significantly
higher increase only in the IMS patients, not in patients with
complications without IMS. No interactions were found
between IMS and complications. Higher cytokine levels in
the IMS patients, compared to those in the normal patients,

Table 1. Chronic Medical Conditions, ASA Grading, and

Complications

Patients

Variables No. %

Gender

Men 12 29

Women 29 71

Mental status

Normal 29 71

Impaired mental status 12 29

Prefracture functioning

Independent 10 24

Partially dependent 38 68

Fully dependent 3 7

Fracture type

Intertrochanteric 27 65.8

Intracapsular 13 31.7

Subtrochanteric 1 2.5

Chronic medical conditions

Hypertension 24 59

Gastrointestinal disease 12 29

Ischemic heart disease 11 27

Diabetes 9 22

Cerebrovascular accident 8 20

Genitourinary disease 7 17

Congestive heart failure 5 12

Cardiac arrhythmia 5 12

COPD 5 12

Chronic renal failure 5 12

Other 16 39

ASA grading

Grades I þ II 29 71

Grades III þ IV 12 29

Complications

Infections (pneumonia, UTI, sepsis) 8 20

Delirium 11 27

Cardiovascular 8 20

Cerebrovascular accident 2 5

Note: ASA ¼ American Society of Anesthesiologists; COPD ¼ chronic

obstructive pulmonary disease; UTI ¼ urinary tract infection.
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were related to the lower cognitive state, independent of the
complications (p¼ .003, p¼ .01, and p¼ .04, respectively).

DISCUSSION

Surgical injuries induce alterations in hemodynamic, met-
abolic, and immune responses largely orchestrated by cyto-
kines (23). In the present study we found: (a) a significant
and weeks-lasting increase in proinflammatory and anti-
inflammatory cytokines following hip-fracture repair; (b)
that only CRP increases significantly in patients with com-
plications, whereas IL-6 increases approach significance
(this trend vanishes when cognition is taken into account);
and (c) higher CRP, IL-6, IL-8, and IL-10 serum levels in
the IMS patients compared to cognitively normal patients,
independent of complications.

Previous studies have demonstrated that CRP is a sensitive
parameter in monitoring orthopedic postop complications
(13,14). However, conflicting data exist regarding the value
of IL-6 in monitoring orthopedic postop complications
(12,15). The present study demonstrates that CRP is supe-
rior to IL-6 in monitoring postop complications as a group
and in monitoring infectious, delirious, and cardiovascular
complications individually. In fact, we found that the CRP

higher kinetic curve was independently due to both compli-
cations and IMS, with interactions approaching statistical
significance. Although IL-6 is the chief stimulator of CRP,
other cytokines are capable of stimulating the production of
acute-phase proteins (24). Thus, a CRP increase may not
necessarily be exactly parallel to an IL-6 increase. Further-
more, IL-6 secretion by peripheral blood mononuclear cells
was found to increase in patients with Alzheimer’s disease
(25), thus its production in postop demented patients with
complications might be altered and somewhat different from
that of CRP production.

A substantial number of patients had complications. This
finding can be explained by the advanced age of the
patients, the high rate of IMS and dependent patients, and
also by the fact that we included delirious cases, usually
excluded by other authors. We diagnosed delirium in 27%
of our patients, yet, delirium can affect up to 65% of elderly
patients after hip-fracture repair (26). From a clinical point
of view, following elderly patients after hip-fracture surgical
repair and measuring CRP (but not cytokines) 48–72 hours
postop can be useful in detecting and treating complications.
It is important to remember that the increase in CRP is
independently seen in patients with complications and in
those with IMS, whereas IL-6, IL-8, and IL-10 only increase
in IMS patients but not in patients with complications
without IMS.

Contrary to all cytokine kinetics, we did not find a
significant within-patient effect of the four time periods for
IL-1b, probably due to its early production after acute injury
and immediate release long before the patient’s arrival to the
hospital and because it is presynthesized and ready to serve
as an immediate source of cytokine (27). IL-6, in compar-
ison, is detectable in 60 minutes and peaks between 4 and 6
hours after injury. Effectively, IL-1b values in the first three
serum samples were similarly elevated, decreasing in the
fourth sample obtained several weeks later. Consistent with
this concept is the significant difference in IL-1RA values
over the four time periods, indicating the dynamic feedback
of this receptor antagonist to the increase in IL-1b. IL-1RA
is often used as a surrogate marker of IL-1 effects, ex-
hibiting a dose–response inhibition of IL-1 effects.

The literature has been contradictory regarding peripheral
cytokine dysregulation in Alzheimer’s disease (28). Some
studies have demonstrated increased serum levels of IL-1b,
IL-6, and TNF-a (25,29), whereas others did not (30,31). In

Table 2. Mean Values of CRP and Cytokines at the Four Time Periods

Variables

Preop (40)*

(Mean 6 SEM)

48–60 h Postop (41)*

(Mean 6 SEM)

7 d Postop (38)*

(Mean 6 SEM)

30 d Postop (38)*

(Mean 6 SEM)

CRP, mg/dL 1.51 6 0.44 17.06 6 1.12 7.34 6 1.03 3.34 6 0.88

IL-1b, pg/mL 0.79 6 0.12 0.74 6 0.11 0.72 6 0.1 0.58 6 0.09

IL-6, pg/mL 39.44 6 4.67 47.27 6 5.45 20.84 6 3.29 14.67 6 2.80

IL-8, pg/mL 26.88 6 1.84 32.96 6 2.82 34.39 6 2.87 32.63 6 3.86

TNF-a, pg/mL 10.42 6 1.14 12.70 6 1.16 10.47 6 1.16 18.89 6 2.64

IL-10, pg/mL 7.18 6 1.20 6.40 6 0.89 4.22 6 0.34 4.35 6 0.47

IL-1RA, pg/mL 1019.6 6 103.7 2151.5 6 227.2 2259.9 6 251.1 1442.2 6 195.8

Notes: *The numbers in parenthesis are the numbers of patients whose serum samples were analyzed.

CRP¼ C-reactive protein; Preop¼ preoperative; Postop¼ postoperative; SEM¼ standard error of the mean; IL¼ interleukin; TNF-a¼ tumor necrosis factor-a;

IL-1RA ¼ interleukin-1 receptor antagonist.

Figure 1. C-reactive protein (CRP) kinetics curves in hip-fracture-operated

patients with complications, compared to patients without complications.

Pre-op ¼ preoperative; post op. ¼ postoperative.
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vascular dementia, even higher serum proinflammatory
cytokines (IL-1b, TNF-a) were found compared to mild-
to-moderate Alzheimer’s disease (32). Other studies showed
similar serum levels of IL-1b in patients with Alzheimer’s
disease, multiinfarct dementia, and controls (33) and a
marked reduction of serum TNF-a in Alzheimer’s disease
and multiinfarct dementia compared to controls (33). The
current study is in agreement with previous studies showing
higher proinflammatory and antiinflammatory cytokines in
demented patients. Whether such cytokine levels represent
‘‘spillover’’ from central nervous system inflammatory
processes or an influence of peripheral cytokine dysregula-
tion on cognitive processing remains to be determined
(8,28).

Stress increases cytokine production, which plays an
important role in mediating activation of central neuro-
transmitters and the sympathetic nervous system (28).
Physical or psychological stress increased IL-6 and IL-RA
concentration (34), and in animal models, acute stress in-
duced IL-1b expression in various brain regions (35). Brain
IL-1b administration produced a similar effect to those
produced by stressors, including increased plasma adreno-
corticotropic hormone (ACTH) and glucocorticoid levels
(36). Lipopolysaccharides (LPS) stimulate macrophages to
produce IL-1b, IL-6, and TNF-a. Thus, peripheral cytokines
most likely mediate LPS-induced effects (37) including the
‘‘sickness behavior’’ syndrome, characterized by fever,

anorexia, reduced mobility, disordered sleep, and cognitive
impairment (38). The activation of cytokine production
coupled with central neurotransmitters and hormonal in-
crease, secondary to stress, was found to be associated with
impaired immune function and infections (39,40).

Combining the cytokine effect on the immune system and
cognition, and taking into account the higher CRP, cytokine
levels, and complication rates in the demented patients, we
wonder whether the ‘‘cytokine storm’’ demonstrated in this
study can further intervene in the high complication rate in
hip-fracture-operated patients.

One limitation of our study was the small number of
patients. However, because our patients were not selected
and all hip-fractured elderly persons fulfilling the inclusion
criteria during a given period of time were included, this
limitation is almost negligible. These patients represent the
aging population, characterized by a substantial number of
chronic diseases, functional decline, and cognitive impair-
ment. Another limitation is the analysis of heterogenic
demented patients as a whole, lacking separate analysis for
Alzheimer’s and vascular dementia. However, as we dem-
onstrated above, cytokine production is probably similar in
both types of dementia. Moreover, the small number of
patients would have rendered separate analysis impossible.
Finally, even from a practical and clinical point of view, not
all of the cases of dementia can be accurately categorized,
especially in this old and frail population.

Figure 2. C-reactive protein (CRP) and cytokine kinetics curves in hip-fracture-operated IMS patients, compared to cognitively normal patients. Pre-op. ¼
preoperative; post op. ¼ postoperative.
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Conclusion
The results of the present study demonstrate a significant

increase in serum CRP and proinflammatory and antiin-
flammatory cytokines in postop hip-fractured elderly
patients. After hip surgery, only CRP significantly and
independently increased more in IMS patients and in
patients with complications, whereas the cytokines signif-
icantly increased only in the IMS patients. This study raises
questions concerning some possible effects that cytokine
generation, post hip-fracture repair, might have on cognition
and complications.
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IMS 11.49 6 2.63 14.12 6 3.16 12.03 6 2.07 18.70 6 4.34

IL-10, pg/mL

Normal 5.55 6 0.63 5.64 6 0.72 3.87 6 0.29 3.48 6 0.12

IMS 11.00 6 3.60 8.23 6 2.52 5.15 6 0.93 6.49 6 1.47

IL-1RA, pg/mL

Normal 890.3 6 117.3 1973.3 6 239.9 2199.4 6 318.5 1244.3 6 212.1

IMS 1321.5 6 190.7 2582.2 6 512.7 2419 6 374.8 1928.0 6 411.0

Note: Preop¼ preoperative; Postop¼ postoperative; SEM¼ standard error of the mean; CRP¼C-reactive protein; IMS¼ impaired mental status; IL¼ interleukin;

TNF-a¼ tumor necrosis factor-a; IL-1RA ¼ interleukin-1 receptor antagonist.

425CYTOKINES AND CRP IN OPERATED HIP PATIENTS

D
ow

nloaded from
 https://academ

ic.oup.com
/biom

edgerontology/article/62/4/420/629380 by guest on 09 April 2024



17. Inouye SK, van Dyck CH, Alessi CA, Balkin S, Siegal AP, Horwitz RI.
Clarifying confusion: the confusion assessment method. A new method
for detection of delirium. Ann Intern Med. 1990;113:941–948.

18. American Psychiatric Association. Diagnostic and Statistical Manual
of Mental Disorders.4th Ed. Washington, DC: American Psychiatric
Association; 1994:133–143.

19. Katz S, Akpon CA. A measure of primary sociobiologic functions. Int J
Health Serv. 1976;6:493–508.

20. Owens WD, Felts JA, Spitznagel EL Jr. ASA physical status clas-
sification: a study of consistency of rating. Anesthesiology. 1978;49:
239–243.

21. Nagler A, Or R, Nisman B, Kalickman I, Slavin S, Barak V. Elevated
inflammatory cytokine levels in bone marrow graft rejection. Trans-
plantation. 1995;60:1–6.

22. Barak V, Schwartz A, Kalickman I, Nisman B, Gurman G, Shoenfeld
Y. Prevalence of hypophosphatemia in sepsis and infection: the role of
cytokines. Am J Med. 1998;104:40–47.

23. Lin E, Calvano SE, Lowry SF. Inflammatory cytokines and cell
response in surgery. Surgery. 2000;127:117–126.

24. Kushner I, Gabay C. Acute-phase proteins and other systemic responses
to inflammation. N Engl J Med. 1999;340:448–454.

25. Huberman M, Sredni B, Stern L, Kott E, Shalit F. IL-2 and IL-6
secretion in dementia: correlation with type and severity of disease.
J Neurol Sci. 1995;130:161–164.

26. Mercantonio ER, Flacker JM, Wright RJ, Resnick NM. Reducing
delirium after hip fracture: a randomized trial. J Am Geriatr Soc.
2001;49:516–522.

27. Sheerman P, Hall GM. Cytokines in anaesthesia. Br J Anaesth. 1997;
78:201–219.

28. Wilson CJ, Finch CE, Cohen HJ. Cytokines and cognition–the case for
a head-to-toe inflammatory paradigm. J Am Geriatr Soc. 2002;50:
2041–2056.

29. Alvarez XA, Franco A, Fernandez-Novoa L, Cacabelos R. Blood levels
of histamine, IL-1 beta, and TNF-alpha in patients with mild to
moderate Alzheimer disease. Mol Chem Neuropathol. 1996;29:
237–252.

30. Angelis P, Scharf S, Mander A, Vajda F, Christophidis N. Serum
interleukin-6 and interleukin-6 soluble receptor in Alzheimer’s disease.
Neurosci Lett. 1998;244:106–108.

31. Lombardi VR, Garcia M, Rey L, Cacabelos R. Characterization of
cytokine production, screening of lymphocyte subset patterns and in
vitro apoptosis in healthy and Alzheimer’s Disease (AD) individuals.
J Neuroimmunol. 1999;97:163–171.

32. Paganelli R, Di Iorio A, Patricelli L, et al. Proinflammatory cytokines in
sera of elderly patients with dementia: levels in vascular injury are
higher than those of mild-moderate Alzheimer’s disease patients. Exp
Gerontol. 2002;37:257–263.

33. Cacabelos R, Franco-Maside A, Alvarez XA. Interleukin-1 in
Alzheimer’s disease and multi-infarct dementia: neuropsychological
correlations. Methods Find Exp Clin Pharmacol. 1991;13:703–708.

34. Zhou D, Kusnecov AW, Shurin MR, DePaoli M, Rabin BS. Exposure
to physical and psychological stressors elevates plasma interleukin 6:
relationship to the activation of hypothalamic-pituitary-adrenal axis.
Endocrinology. 1993;133:2523–2530.

35. Suzuki E, Shintani F, Kanba S, Asai M, Nakaki T. Immobilization
stress increases mRNA levels of interleukin-1 receptor antagonist in
various rat brain regions. Cell Mol Neurobiol. 1997;17:557–562.

36. Weiss JM, Quan N, Sundar SK. Widespread activation and con-
sequences of interleukin-1 in the brain. Ann N Y Acad Sci. 1994;741:
338–357.

37. Connor TJ, Leonard BE. Depression, stress and immunological
activation: the role of cytokines in depressive disorders. Life Sci.
1998;62:583–606.

38. Dunn AJ, Swiergiel AH. The role of cytokines in infection-related
behavior. Ann N Y Acad Sci. 1998;840:577–585.

39. Hasegawa S, Miura T, Sasaki S, Madarame H, Nakane A.
Dysregulation of interleukin-10 and interleukin-12 are involved in the
reduced host resistance to Listeria monocytogenes infection in al-
ymphoplastic aly mutant mice. FEMS Immunol Med Microbiol. 2002;
32:111–117.

40. Riedemann NC, Neff TA, Guo RF, et al. Protective effects of IL-6
blockade in sepsis are linked to reduced C5a receptor expression.
J Immunol. 2003;170:503–507.

Received January 29, 2006
Accepted July 23, 2006
Decision Editor: Luigi Ferrucci, MD, PhD

426 BELOOSESKY ET AL.

D
ow

nloaded from
 https://academ

ic.oup.com
/biom

edgerontology/article/62/4/420/629380 by guest on 09 April 2024


