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OBJECTIVES: To determine whether genetic variants in
the ciliary neurotrophic factor (CNTF) gene are associated
with muscle strength in older women.

DESIGN: Cross-sectional analysis of baseline data from
the Women’s Health and Aging Studies I (1992) and II
(1994), complementary population-based studies.

SETTING: Twelve contiguous ZIP code areas in Balti-
more, Maryland.

PARTICIPANTS: Three hundred sixty-three Caucasian,
community-dwelling women aged 70 to 79.

MEASUREMENTS: Participants were genotyped at the
CNTF locus for eight single nucleotide polymorphisms
(SNPs), including the null allele rs1800169. The dependent
variables were grip strength and the frailty syndrome, iden-
tified as presence of three or more of five frailty indicators
(weakness, slowness, weight loss, low physical activity, ex-
haustion). In addition to genotypes, independent variables
of body mass index (BMI) and osteoarthritis of the hands
were included.

RESULTS: Using multivariate linear regression, single SNP
analysis identified five SNPs significantly associated with
grip strength (Po.05), after adjusting for age, BMI, and
osteoarthritis. Haplotype analysis was performed, and a
single haplotype associated with grip strength was identi-
fied (Po.01). The rs1800169 null allele fully explained the
association between this haplotype and grip strength under
a recessive model, with individuals homozygous for the null
allele exhibiting a 3.80-kg lower (95% confidence inter-
val 5 1.01–6.58) grip strength. No association was seen
between the CNTF null allele and frailty.

CONCLUSION: Individuals homozygous for the CNTF
null allele had significantly lower grip strength but did not
exhibit overt frailty. Larger prospective studies are needed

to confirm this finding and extend it to additional popula-
tions. J Am Geriatr Soc 54:823–826, 2006.

Key words: muscle strength; frailty; genetics; ciliary neu-
rotrophic factor; older women

Decline in muscle strength contributes to functional de-
cline, disability, frailty, and falls in older adults.1–6 The

molecular mechanisms that underlie these declines in
strength are multifactorial, with age-related neuronal and
hormonal changes, physical activity, and genetic variation
all contributing to intra-individual differences. Ciliary neu-
rotrophic factor (CNTF) is a member of the interleukin 6
(IL-6) family, with trophic effects on neuronal7 and skeletal
muscular tissues.8 Sciatic nerve CNTF levels are positively
associated with swimming performance and muscular
strength in rats.9 In addition CNTF levels decline with
age, and exogenous CNTF administration in older rats in-
creases muscular strength.9

A G-to-A deoxyribonucleic acid sequence variant
(single-nucleotide polymorphism (SNP)) was identified in
the human CNTF gene that results in aberrant splicing
leading to a null allele (rs1800169 A allele).10 While was
not observed an association with neuromuscular disease, a
subsequent study showed an association between this null
allele and muscular strength in a cross-sectional case-con-
trol study of 494 individuals aged 20 to 90.11 As expected,
individuals homozygous for the null allele had reduced
muscular strength; however, heterozygous individuals ex-
hibited increased muscular strength compared to indivi-
duals homozygous for either the wild-type or null alleles.

Given the importance of decreased muscle strength as a
contributing factor to functional decline and frailty in older
individuals and the important role that CNTF plays in
muscle biology, it was hypothesized that CNTF gene var-
iation would modulate strength decline, and the effects of
genetic variants in the CNTF gene, including the null allele,
on muscle strength and frailty were examined in a cross-
sectional population-based cohort of older women (aged
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70–79) selected to be representative of the population of
women in this age group.

METHODS

Study Participants

The Women’s Health and Aging Studies (WHAS) I and II
are companion prospective, observational studies of the
causes and consequences of disability in older women.
WHAS I is a study of 1,002 women aged 65 and older who
represent the one-third most-disabled women living in east-
ern Baltimore City and County, Maryland. WHAS II is a
study of 436 women, aged 70 to 79 at baseline, who were
recruited from among the two-thirds least-disabled women
of the same geographic area. The combination of the studies
is therefore representative of the community-dwelling pop-
ulation of older women. A total of 363 Caucasian women
aged 70 to 79 who provided consent for genetic studies
were available from the combined WHAS I and II popu-
lations. WHAS I and II participants were extensively ex-
amined at baseline to characterize the presence and severity
of 16 major chronic diseases and impairments.12,13 Data
sets in the two studies are identical and include standard-
ized, objective measurements of grip strength using dyna-
mometry. Reliability of methods has been established.14

Informed consent was obtained for all data collected,
including physiological measurements, and for genetic
studies.

Measurement of Muscle Strength, Body Mass Index, and
Frailty in WHAS I and II Cohorts

Measurements of grip, hip, and knee strength were ob-
tained at the baseline visit in the WHAS I and WHAS II
cohorts and were used in these analyses. For grip strength
measurements, a JAMAR hand dynamometer (Model BK-
74978, Fred Sammons, Inc., Burr Ridge, IL) was used.
Maximal grip strength was measured three times in both
hands. The strongest reading with the nondominant hand
(theorized to be least influenced by nongenetic factors such
as exercise and trauma) was used for this analysis. Maximal
knee extension and hip flexion strength was measured in
two trials on each leg using a handheld isometric dynamo-
meter (Model 01160, Lafayette Instruments, Lafayette,
IN). The strongest measurement from the side that best re-
tained strength at subsequent visits was used in these anal-
yses. For the analysis of the relationship between CNTF
genotype and frailty, a recently validated definition of frail-
ty that consists of five screening criteria (slow walking
speed, weight loss, fatigue, low activity levels, and weak
grip strength) was used.6 Details of the screening examina-
tion and validation results have been published previously.6

Weight and height were measured according to standard-
ized protocols, and body mass index (BMI) was calculated
(weight (kg)/height (m)2).

Genotyping

In addition to the known functional variant, rs1800169,
CNTF SNPs were chosen based on known assays available
through ABI’s Assay on Demand (Applied Biosystems, Fos-
ter City, CA), and TaqMan genotyping was performed on
an ABI7900 (Applied Biosystems). Coverage of the gene

was assessed via D0 and r2 statistics, which are measures of
pairwise linkage disequilibrium, and additional SNPs were
added to fill in linkage disequilibrium gaps. This method-
ology ensures that all common genetic variation in this
population is evaluated.

Statistical Analysis

Analyses were restricted to the combined cohort of women
aged 70 to 79 at baseline in WHAS I and WHAS II to
achieve a broader representation of the complete spectrum
of functional status and to match WHAS I and WHAS II
ages. Analyses were probability weighted and therefore
referenced to the sampling frame of community-dwelling
older women. Allele and genotype frequencies were esti-
mated for each SNP. Descriptive analyses for all quantita-
tive phenotypes included means and box plots by each SNP
genotype. SNP frequencies were also calculated within
qualitative phenotype categories (frailty). Single-SNP ge-
netic association analyses were performed via linear and
logistic regression models, coding heterozygotes and ho-
mozygotes separately, such that two regression parameter
estimates were obtained, with the most common homozy-
gote genotype as baseline. For grip strength, models were
adjusted for age, BMI, and osteoarthritis. For frailty, frail
individuals were compared with pre- and nonfrail individ-
uals combined, and models were adjusted for age and BMI.
From these adjusted regression coefficient estimates for he-
terozygotes and homozygotes, constrained one-parameter
genetic models, such as dominant, recessive, or additive,
were chosen if appropriate and denoted ‘‘best’’ model.
These analyses were performed using SAS version 8 (SAS
Institute, Inc., Cary, NC).

Pairwise linkage disequilibrium estimates (D0 and r2)
and departures from Hardy–Weinberg proportions were
estimated for all nine SNPs. Haplotypes, which define the
set of SNP alleles inherited together on one chromosome,
were estimated using an expectation-maximization algo-
rithm. Subsets of SNPs to be included in a haplotype block
were estimated using a confidence interval method previ-
ously developed.15 All descriptive haplotype calculations
were performed and displayed graphically using the Hap-
loview (V2.04) software (www.broad.mit.edu/personal/
jcbarret/haplo/index.php). The haplotype assignments were
then implemented in a general linear model framework
following the method of Schaid implemented in HaploStats
software for R, assuming an additive model.16 This method
estimates regression coefficients for each haplotype catego-
ry, corresponding to a unit increase in the dependent var-
iable proportional to the number of copies of a particular
haplotype. Global P-values were obtained empirically, rep-
resenting the overall effect of diplotype (haplotype pair)
status on the dependent variable, rather than focusing on
any particular haplotype a priori.

RESULTS

Eight SNPs encompassing the CNTF gene and 60 kb of
surrounding sequence were genotyped in 363 older Cauca-
sian women (aged 70–79). Genotype distributions were in
agreement with Hardy–Weinberg equilibrium at the Po.05
level.
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Single-SNP analysis was performed via multivariate
linear regression for grip strength (mean � standard devi-
ation 21.40 � 5.29 kg) using a robust model in which ho-
mozygotes and heterozygotes are coded separately,
allowing for any genetic model underlying the phenotype
(dominant, recessive, or additive). Five SNPs showed asso-
ciation with grip strength (P o .05) under a recessive mod-
el, with the maximal P-value obtained with the null allele
rs1800169 (P o .006) (Figure 1). One quarter of the pop-
ulation was heterozygous (n 5 90), and 4.5% was homo-
zygous (n 5 16) for the null allele, which accounted for
1.5% of the variance in grip strength. Individuals ho-
mozygous for the null allele had a 3.80-kg lower (95%
confidence interval (CI) 5 1.01–6.58) grip strength than
wild-type or heterozygous individuals.

SNPs that are in close proximity to each other are often
inherited as a group and are often correlated with each
other at the population level. Subsets of SNP alleles inher-
ited together over generations are often considered a ha-
plotype ‘‘block,’’ and because SNPs in a block are all highly
correlated, they can act as markers (surrogates) for each
other. Using Haploview,17 a single haplotype block encom-
passing the CNTF gene region was identified, and four
SNPs were sufficient to fully identify all the haplotype al-
leles (rs948562, rs1800169, rs550942, rs4319530). Haplo-
type analyses were performed with these SNPs. Only the
haplotype containing the rs1800169 null allele was signif-
icantly associated (Po.01), and this SNP was sufficient to
distinguish the associated haplotype from all others (Table
1), indicating that this SNP is likely the functional variant
underlying the association between CNTF and grip
strength. Although the null allele was not significantly as-
sociated with hip and knee strength, the direction of the
effect was the same for these measures of muscle strength,
and the 95% CIs overlapped with that of grip strength (data
not shown). Given the strong correlation between muscle
strength and frailty, multivariate linear regression analyses
were performed to evaluate whether the null allele is asso-
ciated with frailty, which was manifest in 35 of 363 (9.6%)
study participants. No significant association was observed.

DISCUSSION

In this study it was determined that the rs1800169 CNTF
null allele SNP accounts for the variation in grip strength
identified in a comprehensive SNP and haplotype analysis
of the CNTF gene. Experiments in model organisms have
demonstrated that CNTF plays a role in muscle strength,9

and this finding was extended to a human population that
ranged in age from 20 to 90.11 The exact role of CNTF is
unclear, but a subsequent study suggested that CNTF was
likely to function in the maintenance of postnatal motor
neurons.18 Observations that CNTF null mice exhibit nor-
mal development of motor neurons during embryonic de-
velopment and the first postnatal weeks but with increasing
age exhibit a reduction in muscle strength support this hy-
pothesis.18 These findings led to a focus on the effects of
CNTF on muscle strength and frailty in older subset of the
population (70–79).

The entire CNTF gene was screened using multiple
SNPs across the gene and 60 kb of surrounding sequence for
association with muscle strength and frailty. A positive re-
sult was found for grip strength, and based on haplotype

Table 1. CNTF Haplotype Analysis for Muscle Strength

Haplotype rs948562 rs1800169� rs550942 rs4319530 Frequency Betaw P-value

A G A A G 0.169 � 2.45 .01z

B A G A G 0.244 � 0.73 .47
C G G A G 0.033 0.66 .51
D A G A A 0.397 1.25 .21
E A G G A 0.156 1.32 .19

� rs1800169 allele A indicates the null allele.
wRegression coefficient estimate for a linear model including the haplotype as a predictor of muscle strength, as implemented in HaploStats.
z Significant association.
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Figure 1. Graph of P-values for association tests between ciliary
neurotrophic factor (CNTF), single nucleotide polymorphisms
(SNPs), and grip strength measurements, demonstrating signif-
icant association for five of eight SNPs tested. A schematic of the
CNTF locus, which also contains the genes leupaxin (LPXN)
and zinc finger protein 91 homolog (ZFP91), is displayed on the
x-axis, with the SNP locations shown in purple. SNPs used in the
haplotype analyses (see text) are boxed, with the null allele
rs1800169 boxed in red. On the y-axis, negative log10 of P-
values for grip strength in Women’s Health and Aging Study
populations are displayed. Dotted lines represent P-value thresh-
olds of .05, .01, and .001. MAF 5 minor allele frequency for
each SNP.
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analyses, the null allele rs1800169 could entirely explain
this result. The association between the null allele and grip
strength under a recessive model is in partial agreement
with a previous association,11 because both studies found a
decrease in muscle strength for individuals homozygous for
the null allele. In contrast, no effect was found in het-
erozygous individuals in the current study. This difference
may be due to the different populations, because the pre-
vious study screened men and women over a much wider
age range (20–90), whereas only older women (70–79) were
included in the current study. Heterozygous effects, espe-
cially the ‘‘balancing selection’’ model reported previous-
ly,11 in which heterozygous individuals are actually stronger
than either homozygote, are also more likely to be subject to
environmental influences, as has been observed for the
hemoglobin S allele in sickle cell anemia19 and for the
DF508 allele in cystic fibrosis.20

Despite the effect of the null allele on muscle strength
reported in the current study and the high correlation be-
tween muscle strength and frailty, an association between
CNTF variants and frailty was not detected. Given the
complex etiology of frailty and the likely involvement of
multiple genetic pathways and environmental influences,
the effect of this allele on frailty may not have been large
enough to be detected in this sample. If the CNTF null allele
acts upon frailty in a recessive fashion, as it does for muscle
strength, it is quite possible that there were simply not
enough individuals homozygous for the null allele to detect
an effect on frailty (n 5 16). Indeed, this sample size lim-
itation is reflected in the imprecision of the point estimate
for the effect of the null allele on grip strength in this study
(95% CI 5 1.01–6.58), and a much larger study will be re-
quired to narrow down this estimate. In addition, the lon-
gitudinal association between CNTF variants and incident
frailty should be assessed before making any conclusions.

From these analyses, it can be concluded that women
homozygous for the rs1800169 null allele have significantly
lower grip strength (� 3.80 kg, 95% CI 5 1.01–6.58), but
heterozygous women do not differ from noncarriers. Nev-
ertheless, no effect on frailty was observed, perhaps because
of the limited number of homozygous individuals in this
study. These findings highlight the potential importance of
this neurotrophic factor in aging-related changes in muscle
strength and present a possible target for future therapeutic
intervention studies.
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