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Abstract 

Ohjecfive: Pro-inflammatory cytokines, such as hlmor necrosis factor alpha (TNF-u), stirnulate the release of C-reactive protein (CRP). We 
investigated the association between the TNF-a G-308A polymorphism and plasma CRP levels. 
Mclhod.~: Subjects were 456 White (225 men, 231 women) and 232 Black (83 men, 149 women) healthy adults who underwent a 20-week 
standardized exercise program in the HERITAGE Family Study. The TNF-u gene promoter polymorphism was determined using PCR 
amplification followed by Ncol  digestion. Plasma CRP was measured using a high-sensitivity assay. 
Rerulu: Genotype frequencies were in Hardy Weinberg equilibrium. Afler adjustment for age, smoking, alcohol consumption, maximal oxygen 
uptake and, in women, hormone use, the AA homozygotes for the G-308A polymorphism had higher baseline CRP levels than other genotypes in 
White and Black men (P<0.001 wd P=0.044, respectively) and in Black women (P=0.032). Body mass index partly explained these 
associations in Blacks. Thc cxcrcise program results provided h~rther cvidence for an association with the polyn>orphistn. Among those with high 
CRP at baseline (23.0 mgiL), regular exercise decreased CRP less in AA homozygotes than in other genotypes (P=0.043). 
Conclusion: The AA genotype of the TNF-a G-308A polymorphism is assoeiated with higher plasma CRP levels and less favorable CKP 
response to regular exercise. 
0 2006 Elsevier lnc. All rights reserved. 

Kcru,ods: Tumor necrosis factor alpha; Polymorphism; C-reactive pmtei~~: Inflamnation; Adiposity 

Circulating C-reactive protein (CRP) concentrations reflect 
the inflammatory status of  an individual (Libby et al., 2002; 
Pearson et al., 2003). Syslemic or local inflammation h iggco  

Corresponding author. Tel: t 1 225 763 2513; far: +I 225 763 0935. 
E-moil oddrrrrer; LakkaH(4phm.edu (H.-M. Lakks), L;rkkaT(~phcc.cdu 

(TA. Lakka). RankinT@phm.edu (T. Rsnlrinen), ireva@~wuhios.wunl.edu 
(T Rice), dcrdo@,wuhios.wus~l.crlu (D.C. Rao), leonx0D2(~mamon.k.u1nn.edu 
(A.S. Leanl, jrkinne@iupui.edu (J.S. Skinner), houchaci~jpbc.cdu 
IC. Bouchard). 

the production o f  pro-inflammatory cytokines, such as inter- 
leukin-l (IL-1) and tumor necrosis factor alpha (TNF-a). These 
cytokines stimulate the production o f  L-6, which induces 
hepatic production o f  acute-phase reactants including CRP 
(Libby et a]., 2002). Elevated serum levcls o f  CRP increase the 
risk of acute myocardial infarction, ischemic stroke, peripheral 
artery disease, type 2 diabetes, and metabolic syndrome (Hu et 
al., 2004; Koenig e t  a]., 1999; Ridker et al.. 2003; Rost ct al., 
2001). Moreover, serum TNF-a levcls have been shown to b e  
associated with carotid atherosclerosis in healthy mcn (Skoog et  
al., 2002), and an increased risk o f  recurrent coronary events in 
survivors o f  myocardial infarction (Ridker et al., 2000). 
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Elevated TNF-a levels are associated with many inflammatory 
diseases, such as rheumatoid arthritis (RA) and inflammatory 
bowel diseases (IBD) (Baugh and Bucala, 2001; Furst et al., 
2003), and TNF-a inhibitors are widely used to treat them 
(Baugb and Bucala, 2001; Furst et al., 2003). 

Several polymorphism have been identified in the gene 
encoding TNF-a. Among them, a guanine (G) to adenine (A) 
substitution localed at position - 308 in the promoter rcgion 
affects the rate of transcription of the TNF-a gene, the A allele 
being associated with higher levels of transcription (Krocger el 
al., 1997; Wilson et al., 1997). Some, but not all, studies have 
indicated an important role for the G-308A variant in the 
pathogenesis of obesity and obesity-assoeialed insulin resistance 
(Brand ct al., 2001; Femandez-Real et al., 1997; Hoffstedt et al., 
2000; Walston et al., 1999). In a recent study in patients with RA, 
those with the TNF-a-308 GG gcnotype wcrc better TNF-a 
inhibitor infliximab responders than were patients with the AA or 
AG genotype (Mugnier et al., 2003). 

Polymorphisms in the TNF-a gene could affect downstream 
signaling ofTNF-a and thus circulating CRP levels. There are no 
previous studies on the TNF-a G-308A polymorphism and 
plasma CRP levels in healthy subjects. We investigated the 
relationship before and after an exercise p r o p n  in White and 
Black men and women who participated in the HERITAGE 
Family Study. 

2. Methods 

2. I .  Study h.sign and subjects 

The HERITAGE Family Study is a multicenter study, car- 
ried out by aeonsortium offive universities in the United States 
and Canada (Bouchard et al., 1995). The study design, sam- 
pling, as well as inelusion and exclusion criteria have been 
describcd previously (Bouchard ct al., 1995). In brief, the 
offspring were required to he aged > 17 years and the parents 
5 6 5  years. The suhjects were required to he sedentary, defined 
as not having engaged in regular physical activity over the 
previous six months, and free of diabetes, eardiovascular 
discases or other chronic diseases that would prevent their 
participation in an exercise-training program. The exclusion 
critcria included scverc obesity (BMI>40 kglm2), unless the 
subject could meet the demands of the exercise program, 
hypertension (resting blood pressure> 159199 mmHg) or the 
use of medication for hyperglycemia, hyperlipidemia or 
hypertension. Thus, the suhjects did not have any diseases or 
conditions that could have affected the inflammatory proccss. 
Thc study protocol was approved by each of the Institutional 
Rcvicw Boards of thc HERITAGE Family Study research 
consortium. Writtcn informed consent was obtained from each 
participant. The present analyses included 456 Whites (225 
mcn and 23 1 women) and 232 Blaeks (83 mcn and 149 womcn) 
for whom complete data were available on the TNF-a G-308A 
polymorphism and plasma CRP Icvcls. One White fcmale and 
onc Black woman werc excluded due to high CRP values (56.7 
and 88.0 mgL, rcspcctively) suggesting thc prcscnce of an 
acute infection. 

2.2. Exercise training 

The 20-week exercise-training program hm been described in 
detail previously (Bouchard et al., 1995). Briefly, the suhjects 
exercised 3 times per week on cycle ergometers in the laboratory. 
Exercise intensity was customized for each subject hmed on the 
relationship behveen heart rate and oxygen uptake measured at 
baseline. During the first 2 weeks, the suhjects exercised for 
30 min per session at a heart rate corresponding to 55% of the 
maximal oxygen uptake (VOZm) measured at hmeline. Duration 
was gradually increased to 50 min p a  session and heart rate was 
increased to the level corresponding to 75% of the hmeline 
V02,. This level was sustained for the last 6 weeks. Heart rate 
was monitored during all exercise sessions by a computerized 
cycle ergometer system, which adjusted ergometer resistance to 
maintain the target heart rate. The subjeets were inshucted not to 
change their lifestyle during the exercise intervention. 

2.3. Measurement of CRP 

Plasma CRP at baseline and after the 20-week exereise- 
haining p r o p n  was measured with a high-sensitivity solid- 
phase chemilumineseent immunometric assay (IMMULITE 2000 
High Sensitivity CRP, Diagnostic Products Corporation, Los 
Angeles, CA) implemented on an automated immunoassay 
instrument (Diagnostie Products Corporation, Los Angeles, 
CA). In a sample of48 blind duplieates, the inha-class correlation 
was 0.98 and the eoeffieient of variation was 6.4%. 

2.4. Ofher measurements 

Antl~mpometric and body density measurements have been 
described in detail previously (Wilmore et al., 1997). Body mass 
index (BMI) was computed as the ratio of body weight divided by 
hody height squarcd (kg/m2). Total hody fat mass was determined 
fium hody density measurements using hydrostatic wcighing 
(Wilmore et al., 1997) according to Behnke and Wilmore (1974). 
Smoking status and alcohol consumption were assesscd by a 
health habit questionnaire (Bouchard et al., 1995). The use of 
hormone replacement therapy or oral conhaccptives was assessed 
with a questionnaire (Bouchard eta]., 1995). Maximal oxygen 
uptakc was dctcrmincd during a maximal excrcise stress tcst on a 
cyclc crgometer (Ergo-Metrics 800s from Sensor Medics) 
(Bouchard ct al., 1995). 

The TNF-u G-308A polymorphism was dctectcd after PCR 
amplification by a Ncol enzyme digestion (Wilson ct al., 1992). 
Genomic DNA was prepared fium lymphohlastoid ccll lincs. 
250 ng of gcnomic DNA was amplified using 1.2 pM concenha- 
tions of primers F and R in a total volume of 30 UL containing 
0.5 U Tay DNA polymerase pharmacia Biotech), 200 1M of 
dNTP, 2 pL of lox reaction buffer (500 mM KCL, 15 mMMgCI2, 
and 100 mM Tris HCI). Cycling: 94 "C for3 min, 60 "C for 1 min 
and 72 "C for 1 min, followed by 38 cycles of 94 "C for I min, 
60°C for I min and 72 "C for 1 min, witha finalcycleof94 "C for 
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Tdble I 
Baseline chumctwirtics of the subjects 

Whites fn=456) Blacks ln=232) 

Men (n=225) Women (n=231) Men (n=83) Women In= 149) 

Plasm high scnsilivily C-readivc protein (mgIL) 1.8 (2.4) 3.0 (3.9) 2.0(2.1) 3.8 (4.6) 
Age (yam) 36.9 (15.0) 35.8 (14.2) 34.9 (12.4) 13.8 ( I  1.4) 
Body mass index (kg/m2] 26.8 (4.9) 25.2 (5.0) 27.5 (5.2) 28.6 (6.2) 

Body fa1 mass (kg)' 20.3 (10.7) 21.4 (11.1) 21.1 (10.6) 28.6 (12.0) 
VO,,, ( d i m i n )  3023.3 (591.4) 1901.0 (352.8) 2736.8 (5ll.h) 1744.3 (353.0) 

Cigamnc smoking (%) 
Cunenl 13.4 16.5 4.9 12.2 
Former 27.2 20.8 
Never 59.4 62.8 

Alcohol eonsmptian (giday) 8.5 (13.7) 4.0 (6.2) 
Honnone use (%lb - 39.8 

Data are presented as m a  (standard deviation) or %. 
By undenvater weighing. 
Hormone use, hormone replacement thempY or use oforal conlraceptives. 

1 min, 60 OC for 1 min and 72 "C for 5 min. The primers forTNF- 
a amplification were as follows: F: 5 -AGGCAATAGGTTTT- 
GAGGGCCAT-3 ; R: 5 -TCCTTGGTGGAGAAACCCA- 
TAAG-3. The amplified product was digested with I0 U of 
Ncolat 37 "C in water bath. The digestedproducts were separated 
by electrophoresis on a 9% polyacrylamide gel. Thc bands were 
visualized with ethidium bromide. 

2.6. Statisrical analyses 

All analyses were performed using thc SAS statistical analysis 
pachge (vcrsion 8.2, SAS Institute, Cary, NC, USA). Data are 
presented as mean (standard deviation) for continuous variables 

and number of subjects (%) for categorical variables. Beeause of 
ib  skewed distribution, plasma CRP was log-transformed. A chi- 
squared test was used to assess whether the observed genotype 
kqueneies were in Hardy Weinberg equilibrium. The shtifi- 
cation ofCRP levels as <3.0 mgiL (low) and 2 3.0 mgiL (high) is 
based on a recent AHAICDC Scientific Statement (Pearson et al., 
2003). The Fisher exaet test was used to assess thc frcqueneics of 
the genotypes among subjects with low and high CRP. 
Associations between the polymorphism and CRP lcvels were 
analysed using the MIXED procedure of SAS. Non-indepen- 
dence among family members was adjusted for by using a 
sandwich estimator whieh asymptotically yields the same 

parameter cstimates as ordinary least squares or regression 

0.0 s3.0 <3.0 s3.0 

CRP (mWl.) CRP (mWl.1 

c d 

Fig. I .  a d. TNF-a genotype disnibutians by baseline CRP level in White men (a), Black men (b), White women (c), and Black women (d). 



n b l c  2 
The osrwiarions between the TNFa G-308A pclymorphis~n and CUP Ievck a1 
baseline md aflcr o 20-weak e a m i a  mining pmgrarn 

Bsssllne Poat-mining 

Mob1 I Modal 2 Modcl I Modcl 2 ---- 
Mean M a n  Mem Mean 
(SEM) ( S W  (SEM) ( S W  

Whlrc men (0-225) 
AA (n-5) 4.31 (0.59) 3.77 (0.34) 4.19 (0.54) 3.87 71.71) 
A 0  01-57) 1.87 (0.43) 1.68 (0.39) 2.09 (0.39) 1.97 (0.40) 
GO (n- 163) 2.22 (0.46) 2.03 (0.43) 2.34 (0.37) 2.19 (0.35) 

P for diffesmnce between <O.Wl 0.001 <O.WI 0.018 
Bmupr 

Whits w o r n  (n-231) 
AA (n=6) 1.01 (1.44) 1.49 (1.08) 3.81 (1.90) 4.26 (2.10) 
A 0  ("-57) 3.81 (0.86) 4.23 (0.82) 3.24 (0.67) 3.69 (0.61) 
GO (n- 168) 3.13 (0.57) 3.20 (0.52) 3.05 (0.44) 3.08 (0.39) 

P for d i h w  bchvcm 0.263 0.073 0.788 0.81 1 
P U P  

Black nicn (n-83) 
AA (0-6) 3.46 (0.83) 3.24 (0.81) 4.75 (1.20) 4.74 (1.22) 
A 0  6- 17) 1.73 (0.51) 1.93 (0.50) 2.20 (0.76) 2.21 (0.77) 
00 ("-60) 2.64(0.37) 2.64 (0.36) 2.51 10.54) 2.51 (0.54) 

P for difference bstumn 0.044 0.138 0.121 0.186 
Bmllpa 

Block wo~ncn ("-149) 
AA (s=2) 4.13 (1.60) 3.23 (1.51) 5.56(0.99) 4.30(1.01) 
A 0  (0-36) 2.04 (0.79) 3.42 (0.74) 3.07 (0.71) 3.66 (0.64) 
00 (n-111) 2.38 (0.50) 3.92 (0.55) 4.02 (0.53) 4.35 (0.31) 

P for diffomnce bchvkn 0.032 0.709 0.010 0.249 
mupa 

Dan am prwonrcd as m w  (stsndard ermr o f  !he h n ) .  
Modcl 1: Adiuatcd fnr one. m k i n n ,  dmhol mnaum~tion. rnuimnl oxvnen - - . . . . 
consumption, and, in wolnen, honnonc tnc. 
Modcl 2: Adjt~slcd addltlonally for EM!. 

methods, but the standard eimrs and consequently hypothesis 
tests are adjusted for the dependencies. The method is general, 
asslnning the snme degree of dependency among all members 
within a family. ForBlackmn, P-values wuldnot be obtained in 
some analyses when using the sandwich estimator in the model 
due to low frequnciea in sonlecells oftheanalysis. In thesecases. 
the analysis was performed using MIXED pmcedure without the 
sandwich estimator. P-values of<0.05 were considered statisti- 
cally significant. 

3. Results 

Genotype fiquencies for AA, AG and GG were 2.4% 
(n- ll).25.0%(n=114) and72.6%(n-331) in Whites and 3.5% 
(n-8), 22.8% (n-53) nnd 73.7% (n-171) in Blacks, respec- 
tively, and they werc in Hardy-Weinberg equilibrium Bascline 
characteristics of the subjects are shown in Table I. Blacks had 
higher C W  levels compared to Whites and women compared to 
men. The percentage of normal weight @M1<25 kglm'), 
overweigl~t (25-30 kg/m2), and obese (230  k@') subjects was 
41.6%, 34.7%. and 23.7%, respectively, in White men. The 
corresponding percentages were 57.4%, 27.3%, and 15.2% in 
White women, 36.3%. 38.5%. and 25.3% in Black men, and 
37.0%. 28.3%, and 34.8% in Black women. The pmntage  of 

current smokers was 13.4%, 16.5%, 4.9%, and 12.2% in White 
men and women and in Black Inen and women, respectively. 
39.8% of White and 22.2% of Black women used hormone 
replacement tbempy or oral co~maceptives. 

The genotype frequencies differed behveen those who had 
plasma CRP of C3.0 m f l  and >3.0 mgiL (Fig. I). In White 
men, 8.3% of those who had high CRP were homozy~ous for 
the A flllele, but only 0.8% of those with low CRP level had the 
A h  genotype (P=0.003). In Black men, 31.3% of those who 
had high CRP were AA homozygotes compared to 1.3% of 
tl~ose with low CRP level (P<0.001). In women, the difference 
was smaller (Fig. 1). 

The associations between the TNF-a G-308Apolymorphism 
and CRP levels at baseline are presented in Table 2. After 
adjustment for the covariates (age, smoking, alcohol consump- 
tion, mnximal oxygen consumption and, in women, hormone 
use), the G-308A polymorphism was associated with C W  level 
in White men (P<0.001), Black men (P-0.044) and Black 
women (P=0.032) (Table 2). Further adjustment for EM1 did 
not affect the association in white men (P=0.001), but 
weakened it in Blacks (Table 2). When ndjusting for fat mass 
instesd of BMI, the results were similar (data not shown). 

To further explore the lack of association in White women. 
white mothers and daughters were analyzed separately. The 
mean CRP levels in mothers were 7.69 (SEM, 2.63), 4.50 
(0.76), and 3.18 (0.48) (P=0.001) in AA, AG, and GG groups, 
respectively. The corresponding values in daughters were 0.62 
(1.95). 3.54 (0.69), and 2.52 (0.38) (P=0.001). The mothers bad 
higher BMI (mean BMI [SD], 27.6 [4.8] kg/m4, and had more 
fat muss (27.2 [10.6] kg) compared to the dai~ghters (BMI 23.8 
[4.5] kg/ma, fat m a s  18.2 [10.2] kg). Consequently, the 
association in mothers was largely explained by fntness. The 
mean values became 7.95 (0.97), 7.60 (0.94), and 6.64 (0.62) 
(P-0.182) in AA, AG, nnd GG nfter fi~riher adjustment for h t  
mass. In daughters, the finding that the AA genotype was 
associated with lower baseline CRP levels in daughters 
remoincd after hrther adjustment for fat mass with mean values 
of 0.39 (0.61), 3.31 (0.68), and 2.27 (0.52) (P=0.001) in AA, 
AG, and GO, respectively. 

CRP ot bnrelina 

Fig. 2. Exercisetninlng lnduccdchangcs in plosnl~ CRP In indlviduols wllh low 
(s3.0 m a ) ,  nnd high (23.0 m a )  baadino CRP ndjtwhd for age, sox, rw. 
~rnoklng atslua, olmhol cnnaumplion, maximal oxygen upralrc, hormone uac, 
and body far mau. 



The associations between the TNF-a G-308A polymorphism 
and CRP levels after the 20-week exercise training intervention 
prograln are also shown in Table 2. After adjusbnent for the 
covariates, G-308A polymorphism was associated with CRP 
level in White men and Blaek women (Pc0.001 and P=0.010, 
respeetively). In Blaek men, the diffcrence between the 
genotypeswas not statistically significant (P=0.121). Howevcr, 
Black men who were homozygous for the A allele had markcdly 
higher CRP levels compared to G allelc camcrs. After further 
adjustment for BMI, the association remained statistically 
significant in White men (P=0.018) (Table 2). 

Wc have earlier found in the same subjeets that rcgular 
cxercise reduees CRP only among thosc who have high bascline 
CRP (23.0 mgL) levels (Lakka ct al., 2005). Therefore, we 
analyzed whether the TNF-a gene G-308A polymorphism 
contributes to variability in regular cxercise-indueed changes in 
CRP levels as a funetion ofbaseline CRP level (<3.0 mgL and 
23 .0  mg/L). After adjustment for age, sex, raee, smoking, 
alcohol consumption, maximal oxygen eonsumption, hormone 
use, and body fat mass, CRP deereased in those who had high 
CRP at baseline (Fig. 2). However, CRP deereased more in G 
allele earriers than in AA homozygotes (P=0.043 for difference 
between genotypes). Among those with low baseline values, 
CRP increased slightly in G allele earriers, but it increased 
markedly in AA homozygotes (P=0.039) (Fig. 2). 

4. Discussion 

In healthy previously scdentary young and middle-aged 
adults, the AA genotype of the TNF-a G-308A polymorphism 
was assoeiated with increased plasma CRP levels in White and 
Black men and in Black women, suggesting that the 
polymorphism contributes to variability in plasma CRP levels. 
The analyses after a 20-week exereise training program 
provided further evidenee for our finding. The CRP-decreasing 
effeet of exereise training was evident in those who had high 
baseline CRP levels, e.g. greater than or equal to 3.0 mg/L, in all 
genotype groups. However, among those with low CRP at 
baseline, CRP inereased markedly in AA homozygotes. The 
AA genotype for the G-308A polymorphism was associated 
with increased plasma CRP levels in White and Black men and 
in Blaek women both in the sedentary state and after a 20-week 
exercise program even after adjustment for age, smoking, 
alcohol consumption, maximal oxygen consumption, and, in 
women, hormone use. In our study, individuals who had 
diseases or took medieations that could affect inflammation and 
thus confound the findings were exeluded. 

To the best of our knowledge, there are no previous studies 
on the relationship between the TNF-a gene G-308A 
polymorphism and plasma CRP levels in healthy subjects. 
This polymorphism has been associated with obesity and 
obesity-associated insulin resistance, but findings have not been 
consistent (Brand ct al.. 2001; Femandez-Real et al., 1997; 
kioffstcdt et al., 2000; Walston et al., 1999). Adiposity is elearly 
a strong determinant of chronic inflammation measured by 
high-sensitivity CRP (Lemieux et al., 2001). Body mass index 
and fat mass partly explained the association with the gene 

marker in Blacks. Interestingly, however, adiposity did not 
account for the association in Whites. Further studies are needed 
to define differenecs in the association between the TNF-a G- 
308A polymorphism and CRP among races. 

A few large eross-sectional epidemiological studies have 
found an inverse assoeiation between sclf-reportcd physical 
activity and markcrs of systemic inflammation sueh as s e w  
CRP (Abramson and Vaccarino. 2002; Albert ct al., 2004; Ford. 
2002; Geffken et al., 2001; Pitsavos et al., 2003; Wannamethee 
ct al.. 2002). Small clinical trials have suggested that exereise 
training suppresses inflammation in pcople who have high CRP 
at baseline (Smith et al., 1999; You et al., 2004), but some 
participants had eonditions or medieations that may have 
affeeted inflammation and eonscqucntly the findings. In the 
present study, in those with high CRP at baselinc. after 
adjustment for eonfounders including fat mass, CRP decreased 
more in G allele earriers than in AA homozygotes. Among those 
with low CRP at baseline, CRP increased slightly in G allele 
earriers but markedly in AA homozygotes. Thus, the G-308A 
polymorphism contributed also to variability in plasma CRP 
response to exercise training. 

The TNF-a G-308A polymorphism has been associated with 
RA (Mugnier et al., 2003), 1BD (Gonzalcz et al., 2003; Vatay ct 
al., 2003), inflammatory lung diseases ineluding childhood 
asthma (Winchester et al., 2000), chronic obstructive pulmonary 
disease (Sakao et al.. 2001), sarcoidosis (Scitzer et al., 1997), 
coal miners pneumoconiosis (Zhai ct al., 1998), and alveolitis in 
farmer slung patients (Schaaf et al.. 2001), as well as in contact 
dermatitis (Allen et al., 2000) and prostate caneer (Oh et al., 
2000). The G-308A polymorphism of the TNF-a gene has becn 
studied with regard to inflammatory diseases and anti-TNF-a 
treatment strategies. In a recent study in patients with RA, those 
with a GG genotype were better responders to TNF-a inhibitor 
infliximab than were patients with the AA or AG genotype, 
suggesting that TNF-a G-308A genotyping may be a useful tool 
for predicting response to infliximab treatment (Mugnier et al., 
2003). TNF-a inhibitors are expensive, need to be administered 
parenterally, with subsets of patients who do not respond to the 
cu~~ent ly  available TNF-a blocking agents. Genotyping of the 
G-308A polymorphism of the TNF-a gene may be auseful tool 
to predict inflammatory diseases and to select patients for anti- 
TNF-a treatment. 

The strengths of the current investigation include the large 
study sample of White and Black men and women, the 
standardized exercise program, the exclusion of individuals 
who had diseases or medications that could affeet inflammation 
and thus confound the analyses, and the comprehensive 
assessment of other confounding factors. 

The small number of AA homozygotes is a limitation, 
although the genotype and allele frequencies were similar to 
those reported in previous studies of this polymorphism. As the 
AA genotype is relatively rare, A allele carriers have becn 
compared to GG homozygotes in most studies. However, the 
phenotypes of individuals with AG or GG genotype have 
appeared quite similar in many previous reports, and AA 
homozygotes seem to differ more clearly from G allele eaniers. 
This was also the case in the present study. In our study, there 
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were altogether 20 AA homozygotes. Despite the small number 
of subjeets in the AA groups, we found that AA homozygotes 
had eonsistently higher CRP levels before and after the exereise 
intervention program, exeept in White women at baseline. AA 
homozygotcs also had a less favorable exercise-indueed ehange 
eomnpared to G allele carriers. In White women, we found that 
the mothers who were homozygous for the A allele had higher 
baseline CRP levels eompared to daughters. The adverse effects 
of mild alterations in TNF-a expression may beeome apparent 
in older age (Heijmans et al., 2002). Age differenees have also 
been suggested to aceount for the ineonsistent results in studies 
on the association behveen the G-30RA polymorphism and 
insulin sensitivity (Femandez-Real et al., 1997; Heijmans el al., 
2002). Unfortunately, the small number of AA homozygotes did 
not allow us to perfonn more detailed subgroup analyses. 

5. Conclusions 

In summary, the present study shows indicates or suggests 
several findings: 

The AA genotype of the G-30RA polymorphism of the TNF- 
a gene is associated with increased plasma CRP levels in 
healthy, previously sedentary young and middle-aged Whitc 
and Blaek men and in Black women both before and after an 
exercise training program. 
This polymorphism appears to eontribute to the variability in 
plasma CRP levels. 
The AA homozygotes and C allele carriers have different 
effects with regard to the response of plasma CRP level to an 
exercise program. 
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