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Abstract
Inflammatory markers Interleukin-6 (IL-6) and C-Reactive Protein (CRP) associated are with high rates of cognitive
decline. Inverse relation between IL-6 levels and Hindi Mental Status Examination (HMSE) scores has been studied. IL-6 is a
multifunctional cytokine is a key regulator of CRP. A cross sectional study was performed to examine the association between
inflammatory markers (including IL-6, CRP and albumin) and cognition in subjects attending Neurobehavior clinic. 66 Dementia
patients with average age of 69 ± 0.06 years were included in the study (44 Alzheimer’s Disease & 22 Vascular Dementia). AD cases
were diagnosed according to ICD-10 and National Institute of Neurological Disorders and Stroke-Alzheimer Disease and Related
Disorders Criteria (NINCDS-ADRDS) for probable AD and Vascular dementia cases were diagnosed with NINDS-AIREN criteria.
All dementia cases were assessed using Hindi Mental Status Examination (HMSE) for cognitive function and Clinical Dementia
Rating Scale (CDR) was applied for staging severity of dementia. Out of three inflammatory biomarkers (IL-6, CRP and albumin),
IL-6 showed strong positive correlation with duration of illness in dementia cases, whereas CRP had weak positive correlation
with duration of illness. Albumin showed no such relationship in dementia cases. On elimination of confounding variables, age and
duration of illness, strength of relationship between HMSE and IL-6 was moderately negative but significant. Such relationship
was nonexistent between HMSE and CRP as well as albumin.

Introduction
Cognitive decline in dementia is associated with cytokine
dysregulation. Neuroinflammation acts as independent pathological
factor in early preclinical stages of Alzheimer’s disease, along
with other risk factors like systematic infections [1,2], decreased
physical activity [3,4] which also have an inflammatory component.
Furthermore, some epidemiological studies demonstrate that
non-steroidal anti-inflammatory drugs (NSAIDs) can prevent
or retard AD cognitive decline [5], although other studies have
found little improvement [6]. This slowing of cognitive decline
may be attributed to decreased inflammation since NSAID therapy
substantially reduces the number of activated microglia associated
with plaques [7].
Interleukin-6 (IL-6) and C-reactive protein (CRP) have
been most widely studied in population, showing IL-6 and CRP
Copyright © All rights are reserved by Rachna Agarwal.

associated with high rates of cognitive decline. The health ABC
study reported subjects with CRP and/or IL-6 levels in the upper
tertile were at higher risk of cognitive decline compared to those
in the lowest [8]. Rotterdam study also established associated risk
of developing dementia including Alzheimer’s disease with raised
IL-6 and CRP levels. However, elevated CRP levels had stronger
association with vascular dementia [9]. Another longitudinal follow
up study performed on population based samples of non disabled
elderly people reported that subjects with higher IL-6 level were at
a higher risk of developing future cognitive decline [10]. Another
multi ethnic cohort study observed inverse relation between IL-6
levels and MMSE scores [11].
IL-6 is a multifunctional cytokine with dual role, predominantly
pro-inflammatory [12] with some anti-inflammatory property.
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It is also a key regulator of CRP. Microglia and astrocytes are the
two main cell components of the CNS that play a pivotal role in
the neuroinflammatory process responsible for neuro-biological
homeostasis. During aging, there is pro-inflammatory shift in
CNS leading to proliferation of activated microglia and astrocytes
resulting in continuous secretion of IL-6 [13].The production of
cytokines like IL-6 in brain of patients with AD not only increases
the amyloid deposition in cortical areas, but also leads to blood
brain barrier dysfunction. This increased permeability of blood
brain barrier may cause peripheral spill over of these cytokines
produced in the brain. As they enter the plasma, they stimulate the
production of peripheral inflammatory mediators like IL-6 and CRP.
This activation of peripheral inflammation leads to further amyloid
deposition which further stimulates production of IL-6 [13,14].
These findings suggest that peripheral inflammation is not only
the result also a causative agent in pathogenesis of AD. Bettcher
et al, [15] has also reported modest associations between plasma
and CSF levels for IL-6 (r=0.16, p=0.05). Similarly CRP, a marker
of inflammation, lead to low grade chronic inflammation which
may lead to cognitive impairment and predispose elderly for the
development of dementia and act as risk factor for the development
of AD and Vascular dementia [16].
Our study group earlier evaluated IL-6, CRP and albumin levels
from the patients with AD and vascular dementia as compared with
age and sex matched nondemented subjects to elucidate their role
in the pathogenesis of dementia and found significantly high levels
of IL-6 in AD as compared to controls (Paper under publication). In
the current study, we performed a cross sectional study to examine
the association between inflammatory markers (including IL-6,
CRP and albumin) and cognition in subjects attending outpatient
services after adjusting for age and duration of illness.

Material and Methods
Subjects

In the present cross sectional study, subjects were enrolled
from outpatient services of Psychiatry and Neurology departments,
Institute of Human Behavior & Allied Sciences (IHBAS), New Delhi,
India. Sixty six Dementia patients (42 males and 24 females) were
included in the study after applying inclusion and exclusion criteria.
The study was approved by the ethical committee of IHBAS. Written
consent was obtained from all the patients and controls.

Socio-Demographic Profile

A designed to collect personal information like religion, marital
status, education level, occupation, smoking habit, alcohol use,
family history of dementia along with clinical history including
chronic illness (like dyslipidemia, DM etc), treatment history,
history of substance use.

Clinical Assessment

AD cases were diagnosed according to ICD-10 and National
Institute of Neurological Disorders and Stroke-Alzheimer Disease
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and Related Disorders Criteria (NINCDS-ADRDS) [17] for probable
AD. Vascular dementia was diagnosed with NINDS-AIREN criteria
[18]. All dementia cases were assessed using Hindi Mental Status
Examination (HMSE) for cognitive function [19] and Everyday
Abilities Scale for India (EASI) for activities of daily living [20].
Clinical Dementia Rating Scale (CDR) was applied for staging
severity of dementia [21].

Laboratory Analysis

All subjects underwent estimation of Interleukin-6 (IL-6),
C-Reactive Protein (CRP) and albumin along with routine laboratory
tests in serum. At baseline non fasting serum samples were obtained
from patients taking all the standard precautions. The specimen
was centrifuged within 30 min of sample collection to separate
the serum and examined for routine biochemistry. Serum samples
for evaluation of IL-6 and CRP were stored at −20°C until analysis.
Serum IL-6 was measured on by Electrochemiluminescence
immunoassay Analyzer, Cobas e 611 (M/s Roche Diagnostics
Asia Pacific Pvt. Ltd, Singapore) using sandwich immunoassay
technique. CRP was measured using Random Access Discrete Auto
Analyser, Pictus 700 from Spectrum Pvt. Ltd. using commercially
available kits. The Coefficient of Variation (CV%) for IL-6 and CRP
was less than 10%.

Statistical Analysis

Frequency, percentage and descriptive statistics (Mean,
Standard deviation, Median and Inter quartile range) were
calculated. Pearson’s correlation coefficients and their 95%
confidence intervals were calculated to explore the linear
relationship between two continuous variables. As Pearson’s
correlation coefficient cannot eliminate the effect of confounding
variables, so the partial correlation coefficients were calculated to
find out absolute strength of relationship after adjusting the effect
of confounding variables. The 95% confidence intervals for partial
correlation coefficients were also calculated by bootstrapping
method. All the analysis was carried out by SPSS 25.0 software (IBM
SPSS Statistics for Windows, 2018).

Results

Table 1 shows the details of socio demographic profile of the
study subjects. The average age (SD) of the study subjects was
69.03 (7.63) years and majority of subjects were males and were
residing in rural area (74.20%). 80% subjects were married,
whereas 45% were educated upto matric level. 74.20% subjects
were nonsmokers and 86.40% were non alcoholic. The mean (SD)
of duration of illness (years), body mass index, HMSE score, and
CDR score were 3.80(2.19), 23.05(3.09), 13.76(3.95) and 5.69(3.74)
respectively. 90.90% subjects had family history of dementia. Only
24.20% subjects had dyslipidemia and DM. Table 2 shows the result
of biochemical variables measured in all study subjects.
As it was anticipated that age of subjects and duration of
illness may have the relationship with HMSE score and level of
inflammatory markers (IL-6, CRP & albumin), so the strength of
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relationship between age versus IL-6, age versus CRP, age versus
albumin had explored by Pearson’s correlation coefficient along
with 95% confidence interval. Similarly, the strength of relationship
was explored between duration of illness with HMSE, IL6, CRP
and serum albumin separately. It was also suspected that gender
may have the significant contribution in strength of relationship,
so the same analysis were conducted for male and female subjects
separately apart from total study subjects. Table 3 shows that for
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total subject, age had significant but weak negative correlation
(r = -0.21, 95% CI: -0.39, -0.05) with HMSE score. It was slightly
more in male subjects (r = -0.27, 95% CI: -0.49, -0.05) as compared
to total subjects and in female subjects (r = -0.12, 95% CI: -0.57,
0.21), it was much lower and statistically not significant. The IL 6,
CRP and serum albumin levels had almost non-existent strength of
relationship with age for total subjects as well as among male &
female separately.

Table 1: Socio-demographic & Clinical Characteristics of Dementia Cases.
Variables

Frequency (%) / Mean (SD)

Age (years)

69.03 (7.63)

Male

42(63.60)

Gender
Female

Religion
Hindu

Others

Place of residence
Rural

Urban

Marital Status
Married
Single

Educational level

24(36.40)
53(80.30)
13(19.70)
49(74.20)
17(25.80)
53(80.30)
13(19.70)

Illiterate

23(34.80)

Higher secondary

10(15.20)

Under matric
Graduate

Occupation

Unemployed
Employed

Type of family

30(45.50)
03(4.50)

66(100.00)
00(0.00)

Nuclear

47(71.20)

Extended

03(4.50)

Joint

Smoking habit
Yes
No

16(24.20)

17(25.80)
49(74.20)
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Yes

09(13.60)

Duration of illness

3.80(2.19)

No

57(86.40)

Body mass index

23.05(3.09)

CDR score

5.69(3.74)

HMSE score

Family history of dementia
Yes

13.76(3.95)

06(9.10)

No

60(90.90)

Yes

16(24.20)

Dyslipidemia
No

DM
Yes
No

Table 2: Biochemical Characteristics of Dementia Cases.
Variables

50(75.80)
16(24.20)
50(75.80)
Mean (SD) / Median (IQR)
(n = 66)

Serum urea (mg/dL)

35.39 (8.99)

Serum Uric Acid (mg/dL)

4.85 (1.11)

Serum Creatinine (mg/dL)

0.97 (0.21)

Sodium (mmol/L)

139.55 (3.45)

Serum Total Bilirubin (mg/dL)

0.64 (0.29)

Potassium (mmol/L)

4.38 (0.46)

SGOT (U/L)

30.17 (11.44)

ALP (U/L)

116.53 (58.59)

Blood Sugar (mg/dL)

127.89 (67.12)

T4 (ng/dL)

1.22 (0.21)

SGPT (U/L)

Total Protein (g/dl)
T3 (pg/mL)

TSH (U/mL)

26.86 (12.16)
7.45 (0.47)
2.91 (0.63)

2.45 (2.20)
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Table 3: Pearson’s Correlation of Age and Duration of illness with Inflammatory Markers and HMSE Score in Dementia Cases.
Male Subjects only

Total Subjects (n=66)
Variables

Female Subjects only (n= 24)

(n= 42)

Pearson’s correlation coefficient

Pearson’s correlation coefficient

Pearson’s correlation coefficient

r

95% CI

r

95% CI

r

95% CI

Age vs. HMSE

-0.21

-0.39, -0.05

-0.27

-0.49, -0.05

-0.12

-0.57, 0.21

Age vs. C-Reactive Protein

-0.11

-0.37, 0.14

-0.10

-0.45, 0.29

-0.12

-0.38, 0.16

Duration of illness vs. HMSE

-0.69

-0.81, 0.53

-0.66

0.14, 0.56

0.41

Age vs. Interleukin 6
Age vs. Albumin

Duration of illness vs. Interleukin 6

Duration of illness vs. C-Reactive
Protein
Duration of illness vs. Albumin

0.01

-0.17, 0.09

-0.12

0.04

-0.32, 0.09

0.76

0.00

0.67, 0.91

0.37

-0.29

-0.32, 0.47
-0.35, 0.33

The duration of illness was strongly but inversely related with
HMSE for all subjects (r = 0.69, 95% CI: -0.81, -0.53) and for both
genders too separately whereas it was much stronger among
females (r = -0.66, 95% CI: -0.78, -0.53) as compared to males (r
= -0.72, 95% CI: -0.89, -0.40). The duration of illness had strong,
positive and statistically significant relationship with IL 6 for
total subjects (r = 0.76, 95% CI: 0.67, 0.91) as well as for male (r =
0.82, 95% CI: 0.68, 0.92) and female (r = 0.82, 95% CI: 0.67, 0.95)
subjects separately.
The CRP is moderately but positively correlated with duration
of illness among total subjects (r = 0.37, 95% CI: 0.14, 0.56) and
similar strength & type of relationship were observed among males
(r = 0.41, 95% CI: 0.07, 0.62) and female (r = 0.36, 95% CI: -0.05,
0.79) separately between these two variables. The correlation
between duration of illness and serum albumin was very weak and
statistically not significant. As per objective of the present study,

0.68, 0.92

-0.44, 0.07

-0.72

-0.89, -0.40

0.36

-0.05, 0.79

0.82

0.07, 0.62

-0.27

-0.35, 0.62

-0.20

-0.78, 0.53

0.82

-0.53, 0.06

-0.07

-0.55, 0.04

0.67, 0.95

-0.25

-0.72, 0.15

relationship between HMSE score, a measure of cognitive decline,
and level of inflammatory markers (IL-6, CRP and albumin) had
been explored separately. As it is well known that two variable
age and duration of illness were also correlated with HMSE, IL-6,
CRP and albumin, so these two variables (age & duration of illness)
may confound the strength of relationship between HMSE & IL6, HMSE & CRP and HMSE & albumin. To eliminate the effect of
age and duration of illness, partial correlation method was used
for examining the strength of relationship between HMSE & IL6, HMSE and CRP and HMSE and albumin. Table 4 shows that the
partial correlation coefficient (strength of relationship) between
HMSE and IL-6 was moderately negative but statistically significant
among total subjects (r = -0.39, 95% CI: -0.68, -0.21) whereas it
was slightly higher among males (r = -0.57, 95% CI; -0.73, -0.40) as
compared to females (r = -0.51, 95% CI: -0.84, -0.31). The strength
of relationship was observed almost non-existent between HMSE
versus CRP and HMSE versus albumin.

Table 4: Pearson’s Correlation and Partial Correlation (Age & Duration of Illness Adjusted) between Inflammatory Markers and
HMSE Score in Dementia Cases.
Total Subjects (n=66)

Variables

Pearson’s
correlation
coefficient

Male Subjects only (n= 42)

Partial correlation
coefficient (age&
duration of illness
adjusted)

Pearson’s
correlation
coefficient

Partial correlation
coefficient (age &
duration of illness
adjusted)

Female Subjects only

Pearson’s
correlation
coefficient

(n= 24)

Partial correlation
coefficient (age &
duration of illness
adjusted)

R

95% CI

r

95% CI

R

95% CI

r

95% CI

R

95% CI

r

95% CI

HMSE vs. Interleukin 6

-0.69

-0.73,
-0.64

-0.39

-0.76

-0.73, -0.40

-0.78

-0.84, -0.31

-0.42, 0.14

-0.31

-0.62, 0.24

0.11

-0.14, 0.35

0.18

0.02

-0.31, 0.31

0.35

-0.12,
0.75

-0.10

0.28

-0.12,
0.45

-0.13

HMSE vs. Albumin

0.03,
0.50

-0.33

-0.87,
-0.73

-0.51

-0.34, 0.09

-0.87,
-0.65

-0.57

-0.12

-0.68,
-0.21

0.23

-0.16, 0.56

HMSE vs. C-Reactive
Protein

-0.31

-0.52,
-0.11

-0.56,
-0.13

-0.73,
0.01
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Discussion
This study adjusted both potential cofounders age of onset
and duration of illness, while conducting the partial correlation
between IL-6, CRP and albumin with HMSE scores to explore
the strength of relationship between these three inflammatory
markers and HMSE scores. This may help in establishing them
as biomarkers for assessing the progress of dementia. The study
results found that the strength of relationship between HMSE and
IL-6 was moderately negative but statistically significant. IL-6, a
non-specific pro-inflammatory biomarker, is an independent risk
factor for cognitive decline, owing to its neurotoxic function. Wright
et al, [11] examined IL-6 and CRP levels as independent variables
in relation to MMSE scores as the dependent variable in stroke-free
population. They showed inverse relation between IL-6 level and
MMSE, but no relation was found between CRP and MMSE after
adjusting for a history of vascular risk factors.

Our study results indicate that the strength of relationship
was almost non-existent between HMSE versus CRP & albumin.
Beydounet et al, [13] has reported increased levels of CRP in
newly diagnosed AD cases regardless of age of onset suggesting
that an amplified neuroinflammatory reaction plays an important
role in the pathogenesis and progression of cognitive decline
in AD [3]. Low serum albumin levels, acting as a negative acute
phase reactant, reflect decreased liver function in the elderly and
predispose to decreased antioxidant levels which may accelerate
cognitive decline [22] . Inflammation due to acute and chronic
events may have deleterious effect on cognition, which is further
compounded by vascular risk factors like [22,23] diabetes and
cardiovascular events. A meta-analysis performed by Darweeshet
et al, [24] reported association of CRP with an increased risk of
all-cause dementia, but HR of CRP for AD was lower as compared
to it, but not significant. Very few studies have been taken up to
investigate the association between CRP and VaD than with all cause
dementia or AD alone. However, VaD patients are likely to have
high prevalence of CVD, contributing to the association between
inflammatory markers and incident of VaD [25]. In patients with
AD, inflammation contributes to cognitive impairment through
cerebrovascular pathology. This suggests that the association of
CRP and VaD exist several years before onset of dementia. This
further explains weak relationship between CRP and albumin with
duration of illness in our study results.
Various studies have examined the association of serum albumin
with cognitive function [26,27]. Beydoun et al, [13] demonstrated
the protective effect of serum albumin on cognition. They reported
higher baseline serum albumin to improved attention in the total
population and a better baseline performance in psychomotor
speed. No such relationship of serum albumin with duration of
illness could be elicited in the present study.

In our study, weak relation was found between HMSE, a
measure of cognitive decline and CRP, whereas no relation of
albumin could be elicited with HMSE. There can be number of
reasons for the same. Firstly, confirmed cases of all-cause dementia
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were included in the present study attending outpatient services
at the institute regularly, thus it is difficult to say whether these
findings are applicable to all stages of all-cause dementia and will
be able to address the relationship between mid-life inflammatory
markers and cognitive decline. Studies show that measurement of
inflammatory markers at midlife reported more significant and
consistent results [28] and may be a better indicator of future
dementia risk. Secondly, out of total 66 dementia cases, 22 cases
were of AD. As previous studies showed no significant risk of AD
alone associated with increased levels of IL-6 and CRP [29] similar
to our study results where robust relation among inflammatory
markers and cognitive decline could not be established.
Our study shows that 80% subjects recruited were having
low education. Berkman et al, [30] reported similar findings. They
suggested that low education may increase the risk of cognitive
disorders and vascular disease and act as an independent predictor
of cognitive function. In present study, a strong and positive
significant relation was found between IL-6 and duration of illness
in both genders. CRP was positively, but moderately correlated with
duration of illness among total subjects in the present study. Studies
show [31-34] hat IL-6 crosses the blood brain barrier and also
detected in blood representing the spill-over from brain. Bettchet
et al, [15] also did not find any association of age with inflammatory
markers, including IL-6. Neither education level nor family history
of AD diagnosis was significantly associated with IL-6 and CRP in
their study.

The study has its own limitations. Firstly, inflammatory markers
i.e IL-6, CRP and albumin were measured only once in serum of
subjects recruited. It would have been more effective if serial levels
of these biomarkers should have been measured from early stage
of dementia in mid-life, old and oldest subjects to differentiate
the association between inflammation and dementia in different
age group patients. Secondly, various medical conditions, which
may affect the acute and inflammatory processes, not related to
dementia and normal aging process and can affect the inflammatory
marker levels have not been controlled while recruiting the
subjects. Lastly, in this study peripheral markers were estimated in
blood rather than within the brain, which may not explain intracerebral inflammatory processes. In view of these limitations,
researchers may plan longitudinal serial measurements of these
three inflammatory biomarkers in AD, VaD and other dementias
in different age groups to establish relationship between IL-6, CRP
and albumin and cognition. Further, it would be ideal to establish
these relationships across APOE ɛ4 status.

Conclusion

IL-6 was found to be the most promising inflammatory marker
showing strong positive correlation with duration of illness in
dementia cases, whereas CRP had weak positive correlation with
duration of illness. However, there was no relationship between
albumin and dementia cases. Negative relationship was detected
between HMSE and IL-6 only, on elimination of confounding
variables, age and duration of illness.
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