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Abstract 

Genetic variants in the tumor necrosis factor (TNF) gene have been investigated in chronic 

obstructive pulmonary disease (COPD).  However there are many instances of non-replication of 

these associations and this might be due to insufficient power or other factors.  In this study, we 

have examined a large number of subjects to elucidate whether genetic variations of TNF and/or 

lymphotoxin A (LTA), which is clustered with TNF, are associated with lung function in smokers. 

We designed two nested case-control studies in the National Heart, Lung, and Blood Institute Lung 

Health Study (LHS) which enrolled 5,887 smokers.  The first design included continuous smokers 

who had the fastest (n=279) and the slowest (n=304) decline of lung function during the 5 year 

follow up period, and the second included the subjects who had the lowest (n=533) and the highest 

(n=532) post bronchodilator FEV1% predicted at the start of the LHS.  We selected and genotyped 

10 tagging SNPs within the TNF and LTA region. 

Unlike the previous associations between TNF-308 and COPD in Asians, we found no association 

between either of the two phenotypes and the LTA and TNF polymorphisms.  

These results support the findings of previous studies in late-onset COPD in Caucasian 

populations. 
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Introduction 

The pathologic characteristics of chronic obstructive pulmonary disease (COPD) include 

chronic inflammation of the airways, parenchyma, and pulmonary vasculature.  

Polymorphonuclear leukocytes, macrophages, and T lymphocytes found at the site of disease are 

believed to release mediators that promote and maintain inflammation which leads to tissue 

damage and remodeling.  Tumor necrosis factor (TNF) which is released primarily from 

macrophages is thought to play a critical part in the progression of COPD by increasing the 

expression of various pro-inflammatory mediators such as IL8 (1).  Huang et al found that -308A 

allele in the TNF promoter was associated with an increased risk for the development of bronchitis 

in the Taiwanese population (2).  Subsequently, many investigators have sought to implicate 

polymorphisms in TNF alpha in the pathogenesis of COPD.  Some of these reports have found an 

association between polymorphisms of TNF and subgroups of COPD (3-5).  However there are 

many instances of non-replication of these associations (6-9).  This inconsistency might result 

from false positive and false negative studies due to small sample size, insufficiently defined 

phenotypes, lack of adjustment for important covariates and/or genetic heterogeneity of 

populations.  A similar inconsistency of results has been observed in functional studies of the -308 

polymorphism and other TNF alleles (10).   

Another closely related candidate gene for COPD is lymphotoxin A (LTA; previously 

designated TNFB).  LTA is clustered with TNF within a 6.1 kb region on chromosome 6p21.3, and 

polymorphisms of LTA and TNF have been reported to be in strong linkage disequilibrium (LD) in 

many populations (11).  LTA is involved in the normal development of lymphoid tissue and also 

acts as an inducer of the inflammatory response (12).  A polymorphism of LTA at position +252, 

which is thought to be involved in the modulation of gene expression (13, 14), has been reported as 

a susceptibility variant in asthma and other diseases such as myocardial infarction (14, 15).  In a 
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recent detailed histological analysis of the small airways in patients with COPD Hogg et al (16) 

found that the percentage of airways containing lymphoid follicles was strongly associated with the 

late stages of airway obstruction.   

In this study, we have examined a large number of subjects in two nested case-control studies 

designed to elucidate whether genetic variations of TNF and/or LTA are associated with lung 

function decline or lung function level in smokers who had mild to moderate airway obstruction.  

 

Material and methods 

Study subjects 

All subjects were of European descent selected from the participants in the NHLBI Lung 

Health Study (LHS).  The LHS enrolled 5,887 smokers who had spirometric evidence of mild to 

moderate lung function impairment from 10 North American medical centers (17).  

Two nested case control studies were conducted as previously described (18).  In the first design 

individuals who had the most and least rapid rate of decline of lung function were selected from 

among those who continued to smoke for the duration of the 5 year follow up.  Those whose 

FEV1% predicted decreased by ≥ 3.0%/year during the 5 year period (fast decline group, n=279) 

were compared with those whose FEV1% predicted increased ≥ 0.4%/year (non decline group, 

n=304).  In the second design 532 subjects who had the highest post bronchodilator FEV1% 

predicted (≥ 88.9%; high function group) and 533 subjects who had the lowest post bronchodilator 

FEV1% predicted (≤ 67.0%; low function group) at the start of the LHS were compared.  One 

hundred and forty subjects included in fast or non decline groups had baseline lung function within 

the criteria described above, and therefore they were included in the baseline lung function study. 
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TagSNP selection and genotyping 

For the selection of the TNF and LTA single nucleotide polymorphisms (SNPs), we used 

information from SeattleSNPs (19).  TagSNPs were chosen using the lDSelect program (version 

1.0) (20).  A LD threshold of r2>0.8 and a minor allele frequency of >10 % were set in the 

program.  Seven SNPs in the LTA gene sequence (GenBank accession# AY070490), and 3 SNPs 

in the TNF gene sequence (GenBank accession# AY066019) were chosen (fig. 1).  Because we 

could not establish an assay to genotype the SNP located at 559 in the LTA gene sequence and there 

was no alternative SNP within the same bin, we excluded this SNP from the study.  The SNP 

located at 352 (TNF-238) in the TNF gene sequence whose allele frequency was less than 10 % was 

included in the study, because this SNP had been reported to be a susceptibility locus in many 

diseases (10).  Ultimately, we analyzed 10 SNPs in the region using the TaqMan 5� exonuclease 

assay (21).  

 

Statistical Analysis  

Hardy-Weinberg equilibrium tests and LD estimation were done using the genetics package 

for R (22).  For descriptive purposes haplotype frequencies were estimated with an EM algorithm 

using the R haplo.stats package. 

For the 2-by-2 contingency tables of dominant and recessive models, the Fisher Exact test was 

performed.  For the 3-by-2 codominant model, the chi-square statistic and asymptotic p-values 

were calculated.  Since some cell counts were low, significance was also assessed by permutation 

testing.  P-values from asymptotics and permutation tests were similar and therefore the 

asymptotic p-values are given.  For the additive model, the Armitage trend test was performed.  

All single-locus association tests were performed using R.  
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For both the rate of decline and baseline samples, multivariate logistic regression was used to 

adjust for potential risk and confounding factors.  Age, sex, pack-years of smoking, and research 

center were examined as potential factors.  Generalized Additive Models were first used to 

examine the relationships between the log odds of having poor lung function (i.e. low baseline lung 

function or a fast rate of decline) and the continuous covariates of age and pack-years.  In the case 

of pack-years, a linear relationship was not appropriate.  A quadratic term for pack-years was 

added to the model to account for the non-linearity.  All modeling for the single-SNP analyses was 

performed using Splus version 6.2 (Insightful Corp. Seattle, WA).  

Haplotype association was tested using hapassoc (23), a contributed R package available at 

www.r-project.org.  Haplotypes of the 6 loci in LTA and the 4 loci in TNF were considered.  

Since the LTA and TNF SNPs are in LD with each other, haplotypes of 3 SNPs at a time were also 

tested for all sets of 3 consecutive SNPs across the two genes (haplotype windows).  All covariates 

previously considered in the single SNP association regression models were included in the logistic 

regression models for haplotype association. 

 

Power Calculations 

Unadjusted Analyses 

Power of the two study designs was estimated using the two independent proportions and 

many proportions functions in PASS 2005 (Number Cruncher Statistical Systems. Kaysville, 

Utah).  The sample sizes used were those of the baseline (high 532, low 533) and rate of decline 

(fast 279, non 304) groups.  

To estimate power for the codominant models, the odds ratio (OR) for two copies of the 

variant was set to be the square of the OR for one copy.  Power was calculated for the 2 degree of 
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freedom chi-square test.  These ORs and the observed proportions in the control groups were used 

to determine likely values of W, the measure of effect size (24), for calculating power.  

Adjusted Analyses 

PASS was used to calculate sample size for multiple logistic regression.  The method 

assumes that the effect of one dichotomous covariate is of interest, while controlling for the effect 

of other covariates.   

 

Results 

Characteristics of subjects 

The characteristics of the study subjects are shown in tables 1 and 2.  Some potentially 

confounding factors were significantly different between the groups as has been reported in 

previous LHS studies (18). 

 

Single SNP analysis 

We analyzed each of the selected SNPs and the rate of lung function decline (table 3).  A 

multivariate logistic regression model was used to adjust for potential risk and confounding factors 

including age, gender, pack-years of smoking, and research center in the analyses.  There were no 

differences between the fast decline group and the non decline group in the distribution of genotype 

frequencies for these SNPs.  Further analysis using dominant, recessive, and additive models, 

confirmed the lack of any association between the rate of lung function decline and LTA or TNF 

polymorphisms (data not shown).  

Similarly for the baseline level of lung function we found no significant difference in 

genotype frequencies between the high and low baseline groups (table 4).  Additionally, we 

analyzed the baseline level of lung function excluding the subjects who were involved in fast or 
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non decline groups.  We confirmed the lack of association in this analysis (data not shown).  All 

the SNPs were in Hardy-Weinberg equilibrium except for rs3093543 in the high function group of 

the baseline lung function study (p=0.018). 

 

Haplotype analysis 

The distribution of haplotypes formed by the 6 LTA polymorphisms and in the 4 TNF 

polymorphisms was analyzed in the two study designs (tables 5 and 6).  As in the single SNP 

analyses, we adjusted for potential risk and confounding factors.  There was no significant 

association between the LTA or TNF haplotypes and the two phenotypes.  Furthermore we 

performed a 3 SNP haplotype analysis using a sliding window, however we did not find any 

significant associations (data not shown). 

 

Power Calculations 

Unadjusted Analyses 

Figures 2 a and b give the power curves for the rate of decline and baseline datasets 

respectively.  For the baseline group sample sizes, there would be greater than 80% power to 

detect an OR of at least 1.75 assuming a minor allele frequency of 0.10 or an OR of 1.5 assuming a 

minor allele frequency of 0.20.  Since the proportions of individuals in the dominant genotype 

category range from 0.1 to 0.6, there is reasonable power to detect an OR of 1.5 for most SNPs 

genotyped.  However, for a recessive model, the OR would have to be greater than 2 to have 

greater than 80% power for the 0.03 recessive genotype category proportion.  Since the rate of 

decline groups are smaller than those of the baseline groups, the ORs would have to be higher still 

to have reasonable power.  For a proportion of 0.10 non decliners in a genotype category, the OR 

would have to be 2 to have a greater than 80% power to detect the difference in proportions.  
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For a codominant model, at an effect size of at least W=0.10 there is 80% power or greater to 

detect the difference in genotypic proportions in the baseline dataset of 1096 individuals.  Under 

most distributions of TNF-LTA genotypes, this value corresponds to an OR of 1.4 per allele.  For 

the rate of decline dataset of 595 individuals, the necessary effect size is W=0.13 or greater.  For 

example, this effect size could correspond to a minor allele frequency (MAF) of 0.3 and an OR of 

1.4 per allele, or a MAF of 0.25 and an OR of 1.6 per allele.  For all genotype distributions 

observed for TNF-LTA, there would be adequate power to detect an OR of 2 per allele in the rate of 

decline dataset.    

 

Adjusted Analyses 

The power for the rate of decline models was calculated using R2 values of 0 and 0.03, with an 

OR of 2 and a variety of percentages of the sample with the risk genotype that corresponded to the 

values in the unadjusted power analyses.  The power computed for an R2 of 0.03 was very close to 

that of an R2 of 0 and that calculated using the difference in proportion functions given in the 

previous section and in figures 2 a and b.  
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Discussion 

In this paper, we selected 10 polymorphisms within the TNF and LTA region and genotyped 

these variants in two nested case-control studies: one using the rate of decline of lung function as 

the phenotype the other using the level of lung function as the phenotype.  We analyzed the 

relationship between these two COPD phenotypes and polymorphisms in the LTA and TNF genes 

and found no evidence for association.  

Polymorphisms of TNF, especially at the TNF-308 locus, have been reported as susceptibility 

variants in many infectious and autoimmune diseases (10).  An association between COPD and 

TNF polymorphisms was first reported by Huang et al (2).  These investigators genotyped 42 adult 

males with chronic bronchitis and 42 sex, age and smoking matched control subjects as well as 99 

randomly sampled schoolchildren.  They found that the frequency of the TNF-308A allele was 

significantly higher in the cases than the controls (p<0.001, odds ratio = 11.1, 95% CI = 2.9-42.6).  

Subsequently, Sakao et al reported a significant association of the 308A allele in a Japanese 

population of smokers with a FEV1 less than 80% predicted (4).  However no association of TNF 

SNPs and COPD phenotypes was found by another Japanese group (6) or in a study of a Thai 

population (7). 

On the other hand, in a Caucasian population, Keatings et al showed that COPD patients who 

were AA homozygotes for TNF-308 demonstrated less reversibility of air flow obstruction 

following a β2-agonist (p<0.05) (3).  However, in the same study (3), no difference was found in 

the distribution of the TNF-308 genotypes between the COPD patients and controls.  This lack of 

association was consistent with the results from studies of other Caucasian populations (8, 9). 

An important challenge in case control studies is the possibility of false positive or negative 

associations owing to small sample size, population stratification, multiple testing, and differences 
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in phenotypic definition (25).  The inconsistent results of previous studies of TNF polymorphisms 

in COPD might be due to some or all of these factors.  Most previous studies have had small 

sample sizes and therefore the negative results may be due to low power.  Since power is such an 

important consideration in the interpretation of studies which report negative results we performed 

a detailed analysis of the power to detect associations in this study.  The results of this analysis 

show that for most of the allele frequencies and genetic models we studied we should have > 80% 

power to detect a genotype/haplotype relative risk of ~ 1.7 or greater.  Therefore, there was 

enough power to detect the difference of genotypic proportions shown in the previous studies in 

which positive association between phenotypes of COPD and TNF-308 had been reported (2,4).  

However, we cannot exclude the possibility that the true odds ratio for the polymorphism is <1.7.  

Meta-analysis may be an effective tool to detect such variants, although true sources of variability 

that may exist between populations and publication bias make this problematic. 

Another explanation of inconsistent results in association studies is differences in phenotypic 

definition.  Most previous studies used different phenotypes such as diagnosis of chronic 

bronchitis, COPD or emphysema.  In our study, we used two well defined phenotypes based on 

lung function which are closely linked to the diagnosis and evaluation of COPD, but we did not 

investigate other phenotypes such as emphysema.  TNF was shown to be crucial to the 

development of emphysema in a study of TNF receptor knock out mice exposed to smoke (26).  

Therefore there is a possibility that the specific sub-phenotype of emphysema is associated with 

TNF polymorphisms.  

Furthermore, the inconsistent results in association studies may come from the possibility that 

the reported variants did not contribute to the diseases but are in LD with causal variants.  In 

addition, compared with a SNP level approach, the gene-based approach for replication has the 

advantage of being less susceptible to erroneous findings due to genetic differences between 
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populations (27).  This is the major reason that we have expanded our previous study of the 

TNF-308 and LTA+252 SNPs (28) to 10 SNPs in TNF and LTA.  Although TNF polymorphisms 

especially TNF-308 have been most studied in COPD, whether these polymorphisms are functional 

or not is a controversial issue as a result of both ex vivo and in vitro studies (10).  Recently Knight 

et al developed a method called haploChIP employing chromatin immunoprecipitation and mass 

spectrometry to detect the amount of phosphorylated RNA polymerase II bound to two different 

alleles of a gene, the quantity of which is related to the transcriptional activity (29).  Using this 

technique, they showed that functionally specific haplotypes of the TNF/LTA locus did not 

correlate with allele-specific transcription of TNF but did correlate with evidence of transcription 

of LTA.  They speculated that polymorphisms of TNF were in LD with causal variants of LTA.  

To avoid overlooking potential causal variants in the two candidate genes, we used a stringent LD 

threshold to select a set of highly informative markers which covered from 2,000 bp upstream of 

the 5� end of LTA to 1,500 bp downstream of 3� end of TNF including the whole of the TNF 

promoter site. 

Most recently, an association was found between the TNF-308 polymorphism and both 

quantitative and qualitative phenotypes related to COPD in the Boston Early-Onset COPD study 

that included 949 individuals from 127 families (9).  However, the same authors were unable to 

replicate this association in a case-control study of usual later onset COPD which included 304 

patients and 441 controls (9).  The authors suggested that genetic factors related to severe 

early-onset COPD might be different from usual later onset COPD as a possible explanation of 

their inconsistent results.  Furthermore they emphasized the necessity of replication in an 

independent cohort because of the possibility that positive associations might be due to multiple 

testing.  Our results, however, are not a direct replication of their results from the case-control 

study.  The study designs we employed are not true case-controls but rather comparison of 
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phenotypic extremes within a cohort of smokers selected for evidence of mild/moderate airflow 

obstruction.  Therefore, we are investigating disease severity genes.  On the other hand, the 

selection of phenotypic extremes is an accepted strategy for identifying risk alleles for complex 

genetic disease (30).  Although it is difficult to estimate how this design would influence our 

ability to identify genetic risk, it might be expected to increase rather than decrease our power since 

it is likely that individuals at phenotypic extremes harbor susceptibility alleles. 

We designed the study to be relatively robust to type II error, but there are still limitations to 

our study, which relate to phenotypic and ethnic differences compared with previous studies.  On 

one hand, we did not use emphysema as a phenotype.  Additionally, our study was limited to 

Caucasian individuals and many of the previous associations between TNF-308 and COPD were 

reported in Asian populations. 

In conclusion, we selected a set of highly informative markers based on the r2 LD statistic 

within the TNF and LTA region.  To reduce the type II error in the association study, we analyzed 

a relatively large number of samples for two well defined phenotypes, the rate of decline and 

baseline level of the lung function, and we adjusted for factors which had an effect on the 

phenotypes.  Unlike the previous associations between TNF-308 and COPD in Asians, we found 

no association between either of the two phenotypes and polymorphisms of LTA and TNF.  These 

results support the findings of other previous studies in late-onset COPD in Caucasian populations. 
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Figure Legends 

Figure 1 

SNPs whose allele frequency was more than 10% in European American Coriell samples are 

shown. 

• Tag SNPs, � rs915654 was excluded from the study, � rs361525 (TNF-238) whose allele 

frequency was less than 10 % was included in the study (see methods section). 

 

 

Figure 2 

a) Power curves for the rate of decline dataset sample sizes of 279 fast decliners and 304 non 

decliners over a range of odds ratios (OR) and a range of proportion of controls having 
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susceptibility genotype.  b) Power curves for the baseline dataset sample sizes of 532 high 

baseline and 533 low baseline over a range of odds ratios (OR) and a range of proportion of 

controls having susceptibility genotype. 
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Table 1: Characteristics of subjects in the rate of lung function decline study 

 
Fast decline 

(n=279) 

Non decline 

(n=304) 
p value 

Male/Female 163/117 203/101 0.04 

Age (years) 49.5 ± 0.4 47.6 ± 0.4 0.0005 

Smoking history (pack-yrs) 43.0 ± 1.1 38.3 ± 1.0 0.003 

Smoking amount (cigarettes/d) 25.6 ± 0.6 22.4 ± 0.6 0.0003 

∆FEV1, % predicted/yr* -4.13 ± 0.06 1.08 ± 0.04 <0.0001 

∆FEV1, ml/yr -153.5 ± 2.6 15.1 ± 1.5 <0.0001 

Baseline FEV1, % predicted� 72.5 ± 0.5 75.7 ± 0.5 <0.0001 

 

Data are presented as means ± SE 

* Change in lung function over 5 year period per year, � Lung function at the start of the Lung 

Health Study 
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Table 2: Characteristics of subjects in the baseline lung function study 

 
Low function 

(n = 533) 

High function 

(n = 532) 
p value 

Male/Female 329/204 353/179 0.116 

Age (years) 50.7 ± 0.3 46.2 ± 0.3 <0.0001 

Smoking history (pack-yrs) 45.3 ± 0.8 35.3 ± 0.8 <0.0001 

∆FEV1, % predicted/yr* -1.28 ± 0.08 -0.54 ± 0.07 <0.0001 

Baseline FEV1, % predicted� 62.6 ± 0.1 91.8 ± 0.1 <0.0001 

 

* Change in lung function over 5 year period per year, � Lung function at the start of the Lung 

Health Study as measured FEV1% predicted post bronchodilator 
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Table 3:  Genotypic distribution of the single SNPs of the LTA and TNF genes in the rate of lung 
function decline study 
    Unadjusted   Adjusted *   

SNP Genotype 
Fast 

decline 
(%) 

Non 
decline 

(%) 
OR (95% CI) P-value OR (95% CI) P-value 

rs2009658 C/C 204 (73.4) 210 (69.3) 1 0.51 1 0.84 
 C/G 68 (24.5) 87 (28.7) 0.80 (0.55-1.19)  0.90 (0.61-1.33)  
 G/G 6 (2.2) 6 (2.0) 1.03 (0.27-3.92)  0.83 (0.25-2.77)  
        

rs909253 A/A 113 (41.7) 128 (43.1) 1 0.35 1 0.5 
(LTA+252) A/G 133 (49.1) 132 (44.4) 1.14 (0.79-1.64)  1.07 (0.74-1.55)  

 G/G 25 (9.2) 37 (12.5) 0.77 (0.41-1.40)  0.75 (0.41-1.37)  
        

rs746868 G/G 98 (35.1) 125 (41.4) 1 0.17 1 0.24 
(LTA+368) G/C 139 (49.8) 127 (42.1) 1.40 (0.96-2.03)  1.37 (0.94-2.00)  

 C/C 42 (15.1) 50 (16.6) 1.07 (0.64-1.80)  1.08 (0.64-1.80)  
        

rs2857713 T/T 153 (55.0) 159 (52.5) 1 0.83 1 0.93 
(LTA+495) T/C 105 (37.8) 121 (39.9) 0.90 (0.63-1.29)  0.98 (0.68-1.41)  

 C/C 20 (7.2) 23 (7.6) 0.90 (0.45-1.80)  0.88 (0.45-1.74)  
        

rs3093543 A/A 241 (86.4) 269 (89.4) 1 0.33 1 0.17 
 A/C 38 (13.6) 32 (10.6) 1.32 (0.78-2.27)  1.45 (0.85-2.48)  
 C/C 0 (0.0) 0 (0.0) -  -  
        

rs1041981 C/C 116 (41.9) 129 (42.6) 1 0.57 1 0.73 
(LTA+723) C/A 134 (48.4) 137 (45.2) 1.09 (0.76-1.56)  1.02 (0.71-1.47)  

 A/A 27 (9.7) 37 (12.2) 0.81 (0.45-1.47)  0.81 (0.45-1.45)  
        

rs1800629 G/G 185 (67.0) 201 (66.6) 1 0.97 1 0.97 
(TNF-308) G/A 82 (29.7) 92 (30.5) 0.97 (0.67-1.41)  0.96 (0.65-1.40)  

 A/A 9 (3.3) 9 (3.0) 1.09 (0.37-3.16)  0.96 (0.35-2.65)  
        

rs361525 G/G 239 (86.0) 268 (88.2) 1 0.51 1 0.72 
(TNF-238) G/A 39 (14.0) 36 (11.8) 1.21 (0.73-2.04)  1.10 (0.66-1.83)  

 A/A 0 (0.0) 0 (0.0) -  -  
        

rs3091257 G/G 212 (76.8) 228 (75.0) 1 0.73 1 0.63 
 G/A 59 (21.4) 72 (23.7) 0.88 (0.58-1.33)  0.89 (0.59-1.36)  
 A/A 5 (1.8) 4 (1.3) 1.34 (0.29-6.86)  1.71 (0.43-6.79)  
        

rs769178 G/G 228 (83.2) 254 (84.9) 1 0.34 1 0.37 
 G/T 42 (15.3) 44 (14.7) 1.06 (0.65-1.73)  1.18 (0.73-1.92)  
 T/T 4 (1.5) 1 (0.3) 4.44 (0.44-220.06)  3.70 (0.40-34.41)  
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* Multivariate logistic regression was used to adjust for age, sex, pack-years of smoking, a 
quadratic term for pack-years and research center as potential risk and confounding factors. 
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Table 4: Genotypic distribution of the single SNPs of the LTA and TNF genes in the baseline lung 
function study 

    Unadjusted   Adjusted *   

SNP Genotype 
Low 

function 
(%) 

High 
function 

(%) 
OR (95% CI) P-value OR (95% CI) P-value 

rs2009658 C/C 346 (69.8) 356 (69.3) 1 0.62 1 0.71 
 C/G 137 (27.6) 139 (27.0) 1.01 (0.76-1.35)  1.04 (0.76-1.43)  
 G/G 13 (2.6) 19 (3.7) 0.70 (0.31-1.53)  0.74 (0.33-1.64)  
        

rs909253 A/A 241 (47.0) 241 (46.3) 1 0.97 1 0.91 
(LTA+252) A/G 214 (41.7) 221 (42.4) 0.97 (0.74-1.27)  0.95 (0.71-1.26)  

 G/G 58 (11.3) 59 (11.3) 0.98 (0.64-1.50)  1.01 (0.65-1.58)  
        

rs746868 G/G 176 (35.0) 188 (36.6) 1 0.86 1 0.82 
(LTA+368) G/C 248 (49.3) 246 (47.9) 1.08 (0.81-1.43)  1.10 (0.81-1.49)  

 C/C 79 (15.7) 80 (15.6) 1.05 (0.71-1.56)  1.08 (0.71-1.63)  
        

rs2857713 T/T 272 (53.8) 270 (52.2) 1 0.21 1 0.34 
(LTA+495) T/C 185 (36.6) 210 (40.6) 0.87 (0.67-1.14)  0.86 (0.64-1.15)  

 C/C 49 (9.7) 37 (7.2) 1.31 (0.81-2.14)  1.24 (0.75-2.05)  
        

rs3093543 A/A 456 (87.4) 462 (88.0) 1 0.88 1 0.83 
 A/C 61 (11.7) 57 (10.9) 1.08 (0.73-1.62)  1.13 (0.74-1.74)  
 C/C 5 (1.0) 6 (1.1) 0.84 (0.20-3.35)  1.19 (0.31-4.51)  
        

rs1041981 C/C 245 (47.4) 241 (46.3) 1 0.94 1 0.87 
(LTA+723) C/A 215 (41.6) 221 (42.5) 0.96 (0.73-1.25)  0.93 (0.70-1.25)  

 A/A 57 (11.0) 58 (11.2) 0.97 (0.63-1.48)  1.03 (0.66-1.61)  
        

rs1800629 G/G 353 (68.5) 370 (70.6) 1 0.49 1 0.59 
(TNF-308) G/A 151 (29.3) 139 (26.5) 1.14 (0.86-1.51)  1.13 (0.84-1.53)  

 A/A 11 (2.1) 15 (2.9) 0.77 (0.31-1.82)  0.77 (0.33-1.84)  
        

rs361525 G/G 460 (87.6) 471 (89.7) 1 0.52 1 0.55 
(TNF-238) G/A 63 (12.0) 53 (10.1) 1.22 (0.81-1.83)  1.07 (0.69-1.65)  

 A/A 2 (0.4) 1 (0.2) 2.05 (0.11-120.98)  4.36 
(0.28-69.07)  

        
rs3091257 G/G 394 (77.1) 425 (81.4) 1 0.11 1 0.28 

 G/A 112 (21.9) 89 (17.0) 1.36 (0.98-1.88)  1.31 (0.93-1.84)  
 A/A 5 (1.0) 8 (1.5) 0.67 (0.17-2.36)  0.80 (0.24-2.65)  
        

rs769178 G/G 412 (83.6) 416 (82.1) 1 0.66 1 0.99 
 G/T 76 (15.4) 83 (16.4) 0.92 (0.65-1.32)  0.97 (0.66-1.43)  
 T/T 5 (1.0) 8 (1.6) 0.63 (0.16-2.21)  0.94 (0.29-3.06)  
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* Multivariate logistic regression was used to adjust for age, sex, pack-years of smoking, a 
quadratic term for pack-years and research center as potential risk and confounding factors. 
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Table 5: Haplotype analysis of the LTA and TNF genes in the rate of lung function decline study 

 Haplotype frequency Unadjusted     Adjusted     

Haplotype Fast decline Non decline

Wald test 

chi-square 

statistic 

df P-value 

Wald test 

chi-square 

statistic 

df P-value

LTA         

CAGCAC 0.118  0.112  5.29  4 0.26  5.05  4 0.28  

CACTAC 0.400  0.377        

CGGTAA 0.339  0.349        

GAGCAC 0.076  0.109        

GAGCCC 0.068  0.054        

TNF         

GGGG 0.659  0.683  1.78  4 0.78  1.53  4 0.82  

GGGT 0.091  0.077        

GAGG 0.069  0.058        

AGGG 0.055  0.049        

AGAG 0.125  0.132        

 

Haplotype frequencies were estimated with an EM algorithm implemented in haplo.stats.  
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Table 6: Haplotype analysis of the LTA and TNF genes in the baseline lung function study 

 Haplotype frequency Unadjusted     Adjusted     

Haplotype Low function High function

Wald test 

chi-square 

statistic 

df P-value

Wald test 

chi-square 

statistic 

df P-value

LTA         

CAGCAC 0.115  0.104  1.14  4 0.89  0.96  4 0.92  

CACTAC 0.404  0.397        

CGGTAA 0.318  0.324        

GAGCAC 0.096  0.106        

GAGCCC 0.068  0.066        

TNF         

GGGG 0.678  0.691  3.98  4 0.41  2.19  4 0.70  

GGGT 0.088  0.094        

GAGG 0.064  0.050        

AGGG 0.053  0.062        

AGAG 0.118  0.099        

 

Haplotype frequencies were estimated with an EM algorithm implemented in haplo.stats.   

 

 


