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Abstract
Background: Peripheral inflammatory markers are elevated in obese patients. Controlling inflammation and reducing inflammatory
markers by diet and losing weight may help to slow down the cognitive dysfunction accompanying the aging process. Objective: We
examined whether high sensitivity C-reactive protein hs.CRP level in midlife is correlated to cognition and subsequent cognitive functions
improvement with diet modification and weight loss. Methodology:  Ninety one obese volunteer women participated in this study which
lasted for 8 weeks. The patients were to follow balanced low caloric diet (900-1000 cal dayG1) with 8 servings of fresh vegetables and fruits.
The patients mean age was 48.23±5.32 years and had a mean Body Mass Index (BMI) of 36.75±2.89 kg mG2. Evaluations were made at
base line and 8 weeks later. This included: Quantitative determination of hs.CRP, cognitive and mental evaluation (MMSE), clinical
examination and anthropometric measurements. Fasting blood glucose (FBG), serum lipid profile and C-peptide were assessed and insulin
resistance was calculated. Results: After intervention, improvement in cognitive functions were recorded with decrease in hs.CRP serum
levels. Significant inverse correlation was found between cognitive functions and hs.CRP levels, insulin resistance, waist circumference
and BMI. Conclusion: Serum hs.CRP level may be used as a marker for cognitive functions impairment in obese middle age females and
could serve as a base for intervention.
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INTRODUCTION

Several studies have proved that obesity is an important
risk factor for cognitive impairment. Dementia and obesity
frequently coexist; they share many common pathways such
as inflammation, oxidative stress and insulin resistance1-3.
Inflammation is a common factor between obesity and

impaired cognitive functions. Systemic inflammation has been
demonstrated in both obesity and dementia suggesting a
possible interaction between them4,5.
Adipose tissue is considered as an active endocrine organ,

it produces bioactive mediators (adipokines) that affects lipid
and glucose-metabolism. The CRP elevations are correlated
with obesity in general and abdominal obesity in particular6,7.
As an important source for proinflammatory cytokines

such as  interleukin-6, the main stimulator of the production
of C-reactive protein in the liver, adipose tissue plays a major
role in regulating inflammation, coagulation and fibrinolysis8.
C-reactive protein (CRP) is an acute phase reactant, it is

produced by the liver in response to inflammation within the
body. Chronic low-grade state of inflammation and CRP levels
are often elevated in obese men and women9,10.
Systemic inflammatory markers, such as CRP have been

reported to be elevated when cognitive performance scores
are low11. In general CRP levels are higher in females, possibly
mediated by estrogen as most studies have found. It is a
possibility that higher CRP levels in women is a reflection to
sex-related differences in the inflammatory response to
obesity12.
In patients with cognitive impairment, inflammatory

markers, including acute-phase inflammatory reactants and
proinflammatory cytokines have been found in the
cerebrospinal fluid CSF and $-amyloid plaques. Inflammation
is a feature of dementia; amyloid deposition stimulates
neuroinflammatory processes with neurotoxic effects that
increase neuronal damage. Some studies reported elevations
in circulating levels of inflammatory markers before clinical
onset of dementia. Some studies reported that elevation of
CRP predicts dementia13,14.
In addition, obesity is accompanied by insulin resistance,

lipid profile dysfunction, namely elevated triglycerides and
reduced High Density Lipoprotein (HDL) which may also be of
interest to search their relation with CRP levels. In several
studies females showed higher levels of HDL, with inverse
associations between HDL and CRP15,16.
In obesity, the increased production of acute-phase

proteins and cytokines CRP, interleukin-6 and tumor necrosis
factor-"), may enhance the development of behavioral
symptoms, including  cognitive  decline,  sleep  disorders  and

depressive symptoms. Inflammation is suggested to
contribute to cognitive decline and dementia. Many studies
reported the ability of cytokines to affect cerebral functions
and trigger the development of behavioral alterations17-20.
The aim of this study is to study the relation between

serum hs.CRP level and cognitive functions among a group of
obese middle age Egyptian females and studying the effect of
following a sliming balanced low caloric diet rich in fresh fruits
and vegetables on these variables, raising the issue of whether
hs.CRP as an inflammatory marker may be used as a marker of
cognitive decline among obese women in their midlife.

MATERIALS AND METHODS

Subjects:  Ninety one obese women participated as volunteers
in this study which lasted for 8 weeks. The patient were  to
follow  a  balanced  low  caloric diet (900-1000 cal dayG1, with
8  servings  of  fresh  vegetables  and  fruits).  The  patients
mean age (48.23±5.32 years) and had a mean BMI of
(36.75±2.89 kg mG2). Measurements were taken at base line
and 8 weeks later.

Exclusion criteria: Out of 140 volunteer, 91 obese women
were included in this study. Exclusion criteria were as follows:
Inflammatory or other chronic diseases as hypertension,
diabetes mellitus, cardiovascular or cerebrovascular diseases,
liver or endocrine disease. Chronic use of medication, smoking
and infection occurring at the time of the examination were
additional exclusion criteria.
The study was approved by the institutional ethics

committee and all participants had given their informed
consent.

Methods: All women were subjected to thorough clinical
examination. Relevant anthropometric measurements (body
weight, height and minimal waist circumference and body
mass index) and blood pressure were reported.

Dietary recalls: Collecting detailed data about nutritional
habits and intake through 24 h recall diet history was done.
Analysis of food items was done using World Food Dietary
Assessment System, (WFDAS), 1995, USA, University of
California.

Cognitive and mental evaluation: Mini Mental State
Examination (MMSE) was performed for evaluation of mental
and cognitive status. The MMSE is the most commonly used
test for complaints of memory problems.
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It is a sensitive, valid and reliable 30-point questionnaire
that is used extensively in clinical and research settings to
measure cognitive impairment. It is also used to estimate the
severity and progression of cognitive impairment and to
follow the course of cognitive changes in an individual over
time; thus making it an effective way to document an
individual's response to treatment. Administration of the test
takes between 5-10 min and examines functions including
registration, attention and calculation, recall, language,
commands and orientation21.

Blood collection and laboratory investigations: Six milliliters
venous blood was withdrawn from all subjects, after 12 h
fasting. The blood was collected on plain tubes and was
allowed to clot and the sera were separated for measurements
of glucose and lipid profile. Fasting Blood Glucose (FBG) and
lipid profile [total cholesterol, triglycerides (TG) and High
Density Lipoprotein (HDL)] were assessed in fresh sera by
Olympus AU400 clinical chemistry auto analyzer.
The remaining sera were stored at -70EC in aliquot until

used for further analysis. Fasting C-peptide level was
measured by ELISA method22 using Monobind Inc. Lake forest,
CA 92630, USA.
According to Li  et  al.23, insulin resistance was expressed

by  modified  homeostasis  model  assessment-insulin
resistance (M.HOMA-IR), where:

1 11.5+FBG (mg dL ) fasting C-peptide (ng mL )M.HOMA-IR  = 
2,800

 

High-sensitivity C-reactive (hs.CRP) protein was estimated
by ELISA kit supplied by DRG® International Inc. (EIA-3954),
USA24.

Statistics: Descriptive results for continuous variables are
expressed as Mean±SD. Differences dependent samples t-test
and correlations were explored with Pearson's. The reported
p-values are two tailed. Significance was defined at the 5%
level   >0.05.   Analysis   was   performed   using   SPSS   version
10 (SPSS Inc. Chicago, IL).

RESULTS

All our patients were healthy females with mean age
(48.23±5.32 years).
Table 1 showed that significant improvement is seen in

cognitive functions, accompanied by reduction in BMI, hs.CRP
levels, MWC and triglycerides level. Also, insulin resistance and
fasting blood glucose were significantly reduced, while HDL
levels were increased.

Table 2  showed the total caloric intake and the percent
of calories delivered from protein, fat and total carbohydrate
(CHO) ingested by the obese patients, before and after
intervention. Total caloric intake of the habitual diet was
higher than the total calories of the ingested regimen. The
percent of calories delivered from fat in the habitual diet was
higher compared to that delivered from the regimen, while
the opposite values were observed as regard protein and total
CHO percent.
Table 3 showed that at base line significant inverse

correlation was found between cognitive functions and hs.CRP
levels, insulin resistance, MWC and BMI and direct correlation
with HDL level, while no significant correlation with
triglycerides level.
Significant direct correlation was found between hs.CRP

level and BMI, MWC and insulin resistance and significant
inverse correlation with HDL level. No significant correlation
was found with triglycerides.
Table 4 showed that after following the interventional

diet for 8 weeks significant inverse correlation was found
between cognitive functions and hs.CRP levels, insulin
resistance,  MWC and BMI and direct correlation with HDL
level, while no significant correlation with triglycerides level.
Significant direct correlation was found between hs.CRP

level   and   BMI,  MWC  and  insulin  resistance  and  significant

Table 1: Data represented as Mean±SD of the obese patients at base line and
after intervention

Mean±SD (No. = 91)
---------------------------------------------

Variables Base line After intervention p-value
BMI (kg mG2) 36.75±2.89 35.55±2.58) <0.01
MWC (cm) 98.50±8.23 88.11±9.15 <0.001
Triglycerides (mg dLG1) 99.58±12.14 83.16±13.11 <0.001
HDL-C (mg dLG1) 43.80±4.12 50.64±3.81 <0.001
Fasting blood sugar (mg dLG1) 96.79±11.46 86.00±12.31 <0.001
M.HOMA-IR 1.61±0.11 1.55±0.10 <0.01
hs.CRP (mg LG1) 7.31±1.72 5.56±1.52 <0.01
MMSE 27.31 = 2.1 29.10 = 2.4 <0.01
p-value   is   significant   in   all   included   variables,   BMI:   Body   mass   index,
MWC: Minimal waist circumference, HDL-C: High density lipoprotein-cholesterol,
M. HOMA-IR: Modified homeostatic model assessment of insulin resistance,
hs.CRP: High sensitivity C-reactive protein, MMSE: Mini mental state examination

Table 2: Percent of calories delivered from protein, fat and total carbohydrate
(CHO) campared to total calories, before and after intervention

Habitual diet Hypo-caloric regimen
---------------------------------------- ----------------------------------------

Total Total
Nutrient Mean±SD calories (%) Mean±SD calories (%)
Energy (kcal) 2717.53±235.01 902.65±23.10
Fat (g) 123.57±37.08 40.92 27.61±11.02 27.53
Protein (g) 91.23±27.30 13.43 52.64±10.23 23.33
Total CHO (g) 310.12±60.96 45.65 110.90±14.35 49.14
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Table 3: Pearson correlation between different variables at base line
Variables MMSE hs.CRP (mg LG1) M.HOMA-IR MWC (cm) BMI (kg mG2) Triglycerides (mg dLG1) HDL (mg dLG1)
MMSE -- -0.688** -0.703** -530** -0.521** NS 0.372*
hs.CRP (mg LG1) -0.688** -- 0.589** 0.421* 0.367* NS -0.321*
M.HOMA-IR -0.703** 0.589** -- 0.483** 0.369* NS -0.345*
MWC (cm) -0.530** 0.421* 0.483** -- 0.788** NS -0.388*
BMI (kg mG2) -0.521** 367* 0.369* 0.788** -- NS -0.341*
Triglycerides (mg dLG1) NS NS NS NS NS -- -0.332*
HDL (mg dLG1) 0.372* -0.321* -0.345* -0.388* -0.341* -0.332* --
Numbers presented are the value of r = correlation coefficient, BMI:  Body mass index,  MWC: Minimal waist circumference,  HDL-C:  High density lipoprotein-cholesterol,
M.HOMA-IR:  Modified homeostatic model assessment of insulin resistance, hs.CRP: High sensitivity C-reactive protein, MMSE: Mini mental state examination

Table 4: Pearson correlation between different variables after intervention
Variables MMSE hs.CRP (mg LG1) M.HOMA-IR MWC (cm) BMI (kg mG2) Triglycerides (mg dLG1) HDL (mg dLG1)
MMSE -- -0.718** -0.764** -549** -0.561** NS 0.380*
hs.CRP (mg LG1) -0.718** -- 0.591** 0.430* 0.381* NS -0.332*
M.HOMA-IR -0.764** 0.601** -- 0.502** 0.419* NS -0.361*
MWC (cm) -0.549** 0.430* 0.502** -- 0.811** NS -0.398*
BMI (kg mG2) -0.561** 0.381* 0.419* 0.811** .-- NS -0.346*
Triglycerides (mg dLG1) NS NS NS NS NS -- 0.344*
HDL (mg dLG1) 0.380* -0.332* -0.361* -0.398* -0.346* -0.344* --
BMI: Body mass index, MWC: Minimal waist circumference, HDL-C: High density lipoprotein-cholesterol, M.HOMA-IR: Modified homeostatic model assessment of insulin
resistance, hs.CRP: High sensitivity C-reactive protein, MMSE: Mini mental state examination, Numbers presented are the value of r = correlation coefficient, *Correlation
is significant at the 0.05 level, **Correlation is significant at the 0.001 level

inverse correlation with HDL level. No significant correlation
was found with triglycerides.
It is important to mention that previous studies compared

high-sensitivity C-reactive protein (hs-CRP) and CRP. A
significant correlation was noted between hs.CRP and CRP
levels (r = 0.98, p<0.001). The slope was near one. The CRP
standard estimation is a reasonable alternative to the hs-CRP25.
But  the  reason  we  used  hs.CRP  is  that  CRP  is  a  biomarker
of  any  acute  inflammation.  Accordingly  plasma  CRP
concentrations increase rapidly and dramatically as a reaction
to any tissue inflammation or trauma. High-sensitivity CRP
(hs.CRP) is more specific than standard CRP when measuring
normal baseline concentrations and enables to measure
chronic inflammation, this was reported by Mayo clinic
medical laboratories.
The   reference   range   for    C-reactive    protein   and

high-sensitivity C-reactive protein are as follows:

C CRP: 0-10 mg dLG1

C hs.CRP: <3 mg LG1

DISCUSSION

The principle result of our study suggested that the
inflammatory marker hs.CRP is correlated with cognitive
functions in obese women, a significant inverse correlation
was found between the values of Mini Mental State
Examination  (MMSE)  for  cognition  evaluation  and  levels  of
hs.CRP both before and after intervention.. It has been

reported  in  some  studies  that  obesity   is  accompanied  by
low-grade systemic inflammation in women and men.
Previous studies support our results16,26.
The link between systemic inflammation and dementia

was suggested after discovery of increased inflammatory
processes in localized areas of post-mortem brain specimens
of patients suffering from Alzheimer’s disease (AD). Later,
research has found significant association between dementia
and markers of systemic inflammation27,28.
In addition, in humans, systemic inflammation has been

observed to increase with age in relevance to cognitive ageing
and this is called ‘Inflammaging’. This age-related finding
includes  a  decrease  in  adaptive  immune  mechanisms  and
up-regulation of the innate immune system. In addition to
low-grade chronic inflammatory response. This finding has
been  supported  by  studies  on  cognitively  normal
community-dwelling populations, which evaluate the effect of
systemic inflammation on cognitive function. High levels of
CRP have been repeatedly associated with poor cognitive
performance in older cohorts. Other studies have suggested
a reverse attitude, that it is the cognitive functions that
predicts the degree of  inflammation,  meaning  that  cognitive
impairment in childhood or early adulthood predicts increased
systemic inflammation later in life. Inflammation is likely to
play a role mediated by its effect on cerebral small-vessel
pathology which has a direct impact on cognitive functions
later in life29-31.
A study reported that brains of patients with cognitive

impairment   show  activated  inflammatory  factors,  microglia
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and high circulating inflammatory markers. In the Honolulu
Aging Study CRP was measured 25 years prior to the
assessment of cognitive impairment. Patients with higher
levels of CRP had greater risk of dementia. Obesity, infection,
trauma, ischemia or accumulation of lipids can trigger
inflammatory responses and elevation in inflammatory
markers levels in addition to dementia-related processes. In
our  case  obesity  is  the  trigger  of  inflammatory  status.
Meta-analysis of studies searching the relation between CRP
and cognition concluded that higher levels of CRP were
predictive of cognitive decline. Another study found that
higher initial CRP levels in elderly women can predict poorer
memory years later20,32,33.
Inflammatory markers may influence cognitive functions

through their prothrombotic effects; they may be involved in
atherothrombotic vascular complications and are linked to
minor brain infarction34.
In addition, some studies suggests that CRP may promote

atherothrombosis and attenuate nitric oxide formation which
decreases angiogenesis. This has important consequences on
frontal lobes in particular because they have poor collateral
circulation than the rest of the brain. Accordingly they have
more susceptibility to microvascular disease resulting in
vascular dementia35,36.
Also in our study, following the low caloric diet rich in

fresh fruits and vegetables resulted in significant decrease in
the inflammatory marker hs-CR, this was correlated and
accompanied with weight loss and reduced waist size, lower
BMI, less insulin resistance and increased HDL. No correlation
was  found  between  triglycerides and hs.CRP. It is important
to   mention   that   this   diet   was   selected   to   be   rich   in
anti-inflammatory and antioxidants elements and rich in fibers
to help reduce inflammatory status and aid weight loss6.
Several studies supporting our results. Previous studies

found positive associations between CRP and waist
circumference. A weak but statistically significant negative
association was detected between CRP and HDL, but no
significant correlation was found between CRP and
triglycerides7,10.
It is known that obesity is associated with a low grade

inflammatory status37. It is expected to detect an elevation in
CRP,  as an inflammatory marker in our patients  since  they 
are obese subjects. In addition, obesity is accompanied by
insulin resistance38. Both the elevated CRP level and the
increased insulin resistance can explain the cognitive
impairment correlation detected in our study.
Our study included only females. Most studies have found

that   CRP   levels   are   generally   higher   in  females,  possibly

mediated by estrogen. However, higher CRP levels in women
is a result of sex-related differences in the inflammatory
response to obesity between women and men39.
It is known that, in general, HDL levels are higher among

females, higher HDL levels may be neuroprotective as
reported previously. It is also known that CRP levels are higher
in females and among overweight obese individuals. In most
studies significant associations between CRP and cognition
were only found among obese females not males40,41.

CONCLUSION AND RECOMMENDATIONS

Among obese women, significant correlation was
detected between the high sensitivity C-reactive protein
hs.CRP levels and cognitive functions before and after the
intervention. Following a balanced low caloric diet high in
fresh vegetables and fruits and rich in anti-inflammatory and
anti-oxidants elements resulted in significant weight loss and
improvement in the cognitive functions coupled with
significant reduction in hs.CRP levels. It is proposed that
hs.CRP serum level can be used as a marker for cognitive
functions in obese middle age females.
We recommend further research to examine the role of

weight loss and diet rich in anti-inflammatory elements in
controlling inflammatory status and its complication including
cognitive functions impairment.
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