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Abstract:

The purpose of this study was to investigate the effects of 14 weeks of Aerobic training on C-reactive protein
(CRP) in postmenopausal women. And if the intensity of 60-75% of the average maximum heart rate is expected
recommendation intensity that will leads to lower CRP values. Twenty sedentary females (aged 49.24+2.3 55.2
+2years ;) volunteered to participate in this study. Subjects were randomly assigned to a training group (n= 10)
or control group (n=10). Exercising Subjects will participate in aerobic exercise training. Aerobic training
consisted of 60 mints walking and jogging, 3 days a week for 14 weeks at progressive 60-75 % o heart rate
reserve. After 14 weeks, the aerobic training group had a significant decrease (p 0.05) in CRP, Body weight,
Fat%, and BMI. All reduced compared to the control group. The results showed that: Mean CRP level was
significantly reduced after exercise training completed from (1.9mg/l1 to 1.7mg/l). Fitness level of participates
was inversely correlated with CRP level (P< 0.001) maximal oxygen conception (VO2 max) significantly
increased from mean of 20.23 ml/kg/min to 24.52 ml/kg/min. Body weight, Fat%, and BMI were all reduced
after training, from mean 92.34.6kg, 38.76 and 35.43 to 87.90 kg, 33.86 and 33.72 respectively.

Conclusions: These finding indicate that increasing maximal oxygen capacity is inversely related to decrease
CRP level in postmenopausal women.
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Introduction

There is increasing evidence that the development of the atherosclerotic plaque is associated with
inflammatory process (Pasceri, 2000, Torzewski, 2000). And that the measurement of this inflammation has
predictive value in determining risk for future thrombotic events. A recent meta- analysis revealed that there
were statistical significant association between CRP and coronary dieses ( Danesh, 2004). Ridker et al. (1997)
found that aspirin use decreased risk of myocardial infarction and ischemic stork in apparently healthy men,
primarily in those with the highest levels o CRP. This suggests that even a moderate's reduction in inflammation
may be protective. There is evidence that physical activity may modify the inflammatory process. Cross-
sectional studies of physical activity and physical fitness have shown inverse association with level of CRP
(Wannamethee, 2002, Lowe, 2002, Metin, 2006). Intervention studies have demonstrated reduction in CRP (
Geffken, 2001, You, 2004) When exercise group are compared with control . Higher level of CRP have also
been associated with obesity ( Wilmore, 1999 Redker, 2003) The association between excess adipose tissue and
elevated CRP concentration, (Cook 2000 & Aronson,2004) has been observed to hold for children,
Visser2001,Sites2002, elderly people ( Colbert, 2004), And people with metabolic syndrome( Aroson, 2004,
Colbert,2004). In fact, obesity may account for a large portion of variation in circulating CRP concentration.

Physical activity is associated with lesser degree of central obesity (Vissor, 1999, Geffken, 2001) and
insulin resistance (You, 2004). Taking this finding s together, one could speculate that physical activity may be
associated with lower levels of inflammation through its inverse association with central obesity and increasing
insulin resistance.

Three levels of C-reactive protein have been proposed in the recommendations by the Center for
Disease Control (CDC) and the American Heart Association (AHA): low,< 1mg/l; average, 1.0-3.0 mg/l; and
high, >3.0 mg/l. Individuals with elevated levels of CRP have a risk about 2 to 3 times higher than the risk of
those with low levels. (Ridker, 1997, King, 2003).

Regular exercise may affect CRP levels. Though there are a number of studies focusing on related
topics, there are no published reports on the effect of exercise training and physical fitness combined with
specific intensity that my lower CRP levels in postmenopausal women

The aim of this study was to examine CRP concentration in disease-free postmenopausal women and to
identify any relationships that might exist with physical activity, aerobic fitness, and if the intensity of 60-75% of

452

Corresponding Author: MOHAMMAD ALHINDAWI, E-mail: m.hindawi@ju.edu.jo



MOHAMMAD ALHINDAWI

the average maximum heart rate (as recommended by the European guideline on CVD prevention) is expected
recommendation intensity that will leads to lower CRP values.

Method
Subjects

In the fall of 2013, Subjects were recruited from the general population of deferent's fitness centers in
Amman. Criteria for participation in the studies included the following: CRP level > 1.7 mg/L, nonsmokers, no
known heart disease, no lipid modifying medications and aerobically inactive, not having chronic disease or
taking medication that prevented their participation in structured exercise training, and any other condition that
may interfere with interpretation of the study results. Individuals who participated in the study were volunteers
and were not given any kind of remuneration. The subjects were informed about testing procedures, possible
risks and discomfort that might ensue, a written informed consent was obtained

20 female subjects (49+5yrs) met the criteria who had serum CRP level that placed them on the risk of
future heart attack (risk ratio >1.7mg/L) (Ridker, 1997 & Metin, 2006). Those subjects table (1) were randomly
assigned into two groups, group 1 (the exercise group) assigned to supervised exercise program. Group 2 were
control untrained group. The control subjects were similar in age, BMI to the exercise group.

Table 1 Mean Physical Characteristics of study subjects

Subjects Characteristics Exercise group Control Group
Age (yrs) 49.2 49.7

Weight (kg) 92.34 95.1

Height (m) 1.61 1.626

BMI (kg/m2) 35.43 35.59

BF (%) 38.76 39.0

Resting heart rate(bpm) 81.00 81.8

VO2 max(ml.kg.min) 20.23 21.35

Biochemical Analysis

During one-day prior tests, subjects refrained from training and maintained their normal diet.
Laboratory tests were carried out on the same day at the University Of Jordan Hospital in similar conditions for
both groups. Room temperature was 23° C and relative humidity was 50%. Pre and post training venous blood
sampling were collected in the morning following an overnight fast. These samples were stored in refrigerated
(4-8 C). The same medical staff collecting blood samples for both groups and in pre and post training. The
primary outcome measure was plasma CRP concentration secondary outcome was, BMI, fat% and Vo2max.
Blood profiles were compared at baseline and after the training program have been completed for the mentioned
variables. All variables were assessed at baseline and after the exercise training program by using the same study
protocols and methods.

Fitness measurements

At the start and end of the study, the patients' VO,max was estimated using Cooper test, Subjects
exercised until reaching their 90% of their maximal heart rate. body mass index (BMI) was calculated
(weight/height® [kg/m?]), and total body fat composition were determined by Skinfold thickness at sites of
suprailiac, subscapular, triceps, and abdomen were measured on the right side of the body using a Holtain caliper
(Holtain Ltd, Crymych, UK) and for each subjects the average of two measurements was recorded. Percentage of
body fat (%BF) was estimated using the Roberge and Ketegian (2003) equation. Body weight and height were
measured with standard techniques.

Protocol

Exercising individuals participated in supervised exercise training program about 60 minute sessions 3
times a week for period of 14 week. These sessions consisted of three parts a warm-up period lasts for 5 minutes,
the second parts is a supervised exercise session which lasted about 50 minutes and included walking on
treadmill. The last part consisted of 5 minutes cool-down and stretching exercises. The women in the exercise
group were prescribed walking, jogging as the main methods of aerobic exercise. The training intensity was
increased gradually so that by the fourth week participants were training for 50 min at a heart rate of 75% of
their maxim heart rate reserve.
Group 2 subjects (sedentary control group) did not participated in any type of activity. The subjects were
instructed not to change their lifestyle during the exercise intervention. Maximal oxygen uptake increased by
18% (from 22.23 to 24.52 ml/kg/min) during 14 weeks of exercise indicating the effectiveness of the training
program.
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Statistical Analysis

All data were analyzed using SPSS statistical package (copy 10), with the level of significant set at P<
0.05, pre-post training values were analyzed by means were compared using a student's t-test, a nonparametric
Wilcoxon’s test for statistically significant. Numerical values are expressed as mean + Sd. (Mann Whitney U)
test was used to compare the two groups in pre and post measurements. Pearson correlation coefficient was used
to exam the association between variables.

Results

All subjects, 20 women completed the 12 weeks study. Data are expressed as means + SD. Table 2
presented values of CRP and other selected variables. There was a significant difference in mean CRP
concentration between pre and post training, (p<0.05). CRP level decreased from, 1.9mg/l to 1.7mg/l, P<0.001
after the completion of the aerobic exercise training. The aerobic exercise training induced reduction in plasma
CRP levels by 10.5%.

Table 2 mean and stander deviation for the selected variables.

Before exercise Training  After exercise Training % change
Vo2 Max (ml/kg/mnt) 2023+ 283 24.52. £ 2.06 17.5%
CRP mg/L 1.9mg/1+ 1.7mg/1+ 10.5%
%Body Fat 3543+  3.79 33.86+ 3.4l 4.4%
BMI Kg/m2 3543+ 3.70 33.72+ 341 4.8%
Body Weight 9234+ 1275 87.9+ 12.02 4.8%

Kg

VO2max: maximum oxygen conception. CRP: C-reactive protein. BMI: body mass indices.

Weight losses

Weight losses of the two groups, the exercising group and the control group differ significantly.
Exercising group lost a mean (SD) weight of 4.4kg (p<0.000) by the end of the study. Table 2 the control group
increased their weight by a mean (SD) 1.8kg. A 4.8% reduction in body weight was noticed by the end of the
exercise training program.

Change in body fat:

At the end of the 12 weeks of exercise training, the exercising group reduced mean body fat by (4.4) %.
There body fat decreases significantly from 35.43 at the beginning of the study (P<0.005) to 33.86. At the
compilation of the 12 weeks. P(0.01). The control group increased their body fat but was not significant.

Aerobic capacity:

Participant in this group attended a mean average of 96% of exercise sections, there Vo2 max increased
significantly by the end of the study by 17.5%, Vo2 max increased from mean of 20.23 ml/kg/m to mean of
24.54 ml/kg/m. (P<0.000) the control group maintained there VO2 max and did not change significantly at the
end of the study.

Analysis by Pearson correlation coefficient between CRP levels and variables are shown in table 3.
The CRP levels were positively associated with Vo2 max, BMI, body weight and body fat. According to the
analysis those variables were found to be independent factors relating to CRP levels.

Table 3: Pearson correlation coefficient examining the association of CRP with Vo2 Max, % body fat, weight
and BMI

VO2 Max(ml/kg/Mnt % Body fat BMI Body weight
Kg/m2 Kg
CRP 0.46* 0.52* 0.48* 0.57*
Training group 0.041 0.018 0.032 0.008
*(P<0.05)
Discussion

The present study investigated the effects of aerobic exercise training on CRP concentration level on
healthy postmenopausal women. This is the first study to investigate the relationship between CRP, aerobic
fitness, and the intensity level in healthy postmenopausal women

The results of this study show that CRP concentration is markedly lower in the resting state in aerobic s
postmenopausal women compared with controls sedentary healthy postmenopausal women. The finding of the
study indicated that aerobic exercise was associated with significantly lower CRP level. Previous studies
reported similar results that high activity level was associated with lower level of inflammation markers such as
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CRP (Tisi, 1997; Smith, 1999; Esposit, 2003; Plaisance, 2006). Our finding also consistent with those reported
by Abramson(2002), Pitsavose(2005). A recent review by Plaisance and Grandjean (2006) found that fitness was
consistently associated with 6-35% lower CRP level.

Our finding suggest that increasing aerobic fitness is associated with lower CRP level, Although fitness
level was assisted by estimations of VO2 max , It is possible that the direct measurement of VO2 max might
have resulted in more accurate of aerobic fitness and that this might have led to a different relationship with
CRP. Nonetheless, Copper test is accepted as a valid and reliable test of aerobic fitness, we presume that the
levels achieved were good estimates of maximum aerobic capacity. It has been shown that adults with higher
levels of VO2 max are at a lower risk for all-cause and cardiovascular disease mortality in both men and women.
Blair et al (1996) and Kelly, (2006) found that increasing in VO2 max has been shown to reduce the risk of all
—cause mortality by 17% in men and 16% in women. Furthermore, BMI, body weight and body fat were also
associated with CRP; after the exercise training program, body weight, BMI, and body fat were significantly
reduced. It has been demonstrated that obesity is related to CRP levels and that adipose issue is likely a factor
modulating CRP levels. Colbert (2004) Dvorakova (2006). Similar to our finding a recent study by Koren
(2006) found that BMI and fitness were consistently associated with lower CRP level. Fairey ,2005; Kelly, 2013;
Rawason, 2003; Tchernof 2006; Nissis ,2005 also confirm the same results.

Studies investigating the impact of aerobic fitness on CRP level have yielded mixed results; however,
there is evidence of an inverse association between fitness and CRP values. Hamer, 2007; Cook, 2000; Isasi,
2003; Plaisance, 2006; Church, 2007. Tow recent studies failed to confirm an independent inverse relationship
between physical activity and CRP, in a longitudinal study by Koren ( 2006) a 109 healthy men and women
BMI, but not physical activity was significantly related to CRP. Similarly, a cross-sectional study, Marcell
(2005) found no relationship between physical activity and CRP. On explanation for the absence of an exercise
effect in these studies may be the high proportion of sedentary subjects. Also, physical activity remains an
important correlated of CRP in multiple studies, Church, 2007; Plaisance 2006; Albert, 2004; Abrmson, 2002;
Moran 2005.

Our subjects exercised in intensity of 75% of maximum heart reserve, However, the recent European

guidelines on CVD prevention, healthy persons are recommended to choose enjoyable physical activity which fit
into their daily routine, preferable 30-45 min, four to five times weekly at 60=75% of the average maximum
heart rate. (deBacker,2003) this recommended intensity was effective in reducing CRP level in our study. Our
finding suggested that intensity of 75% of maximum heart reserve was effective in reducing CRP and in
preventing CVD. Our finding is in consistent with those reported by Hammett (2004).
CRP level respond differently to different physical activity intensity, acute heavy physical exercise activity lead
to an inflammatory respond with a mark rise in CRP levels. Suggesting muscular damage proportional to the
amount of exercise and muscle engaged. However, longer term exercise training (aerobic) produces an opposite
effect. (Perk, 2005).

How exercise training reduces inflammation and suppresses CRP level is not well defined. Physical
activity is related to several confounders that are independently associated with lower CRP levels. For example,
physical activity is inversely related to age, smoking, hypertension, BMI, and waist to hip ratio, total and non
high density lipoprotein cholesterol., whereas these factors are directly related to CRP concentrations . Despite
the overlap between factors associated with aerobic activity and CRP, higher CRP levels persist in less active
subjects in most studies even after adjustment. In summary, it is likely that exercise training reduces CRP both
directly by reducing it is production in fat, muscle, and mononuclear cells and indirectly by increasing insulin
sensitivity, improving endothelial function, and reducing body weight.

A large number of studies have identified relationship between increasing level of CRP and CVD,
Lippy, 2002; Danesh, 2004; Ridker, 2003; Hamer, 2007. Interventions to reduce CRP could contribute to the
prevention of atherosclerosis and the reduction of future cardiovascular events. Although the focus of our study
was on the independent effects of acrobic exercise on CRP, it may be the exercise in combination with other
lifestyle intervention may yield the greatest benefit. For example, in randomized trial conducted by You et al
(2004) 6 months of diet plus exercise training, but not diet alone, resulted in statistically significant reductions in
CRP among obese postmenopausal women. In another study, Esposito at al (2003) conducted a randomized
control trail and found statically significant reductions in CRP after 2 years of increased physical activity and a
Mediterranean-style diet in obese women. Furthermore, Milani et al (2004) found statistical significant
reductions in CRP as a result of exercise training and diet in both men and women with coronary heart disease.
Given these findings, it may be that the greatest redactions in CRP may be derived from a combination of
exercise and other lifestyle modifications such as diet.

Conclusions

In the present study, we investigated the effects of acrobic exercise training on CRP concentration level
on healthy postmenopausal women. After the training program, all conventional variables of cardiovascular risk
in this study were improved, and CRP levels, which are known to have an increased risk of cardiovascular
diseases was also significantly lowered. The change in CRP was associated with the reduction of body weight,
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BMI, body fat and VO,max in an intensity of a 75% of maximum heart reserve. Our finding supports the current
recommendation to increases moderate intensity physical activity to reduce the risk of cardiovascular disease.
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