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Abstract

BACKGROUND—Post hip fracture generalized pain can lead to a progressive decline in function 

and greater disability.

OBJECTIVES—The purpose of this study was to explore the factors that influence pain among 

older adults post hip fracture, including genetic variability, and evaluate whether or not pain 

directly or indirectly influenced upper and lower extremity function.

METHODS—This was a secondary data analysis using data from the first 200 participants in a 

Baltimore Hip Study (BHS), BHS-7. Assessments were done at 2 months post hip fracture and 

included age, gender, marital status, education, cognitive status, comorbidities, Body Mass Index 

(BMI), upper and lower extremity function, single nucleotide polymorphisms (SNPs) from 10 

candidate genes, and total areas of pain and pain intensity. Model testing was done using the 

AMOS statistical program.

RESULTS—The full sample included 172 participants with an average age of 81. Fifty percent 

were female and the majority was Caucasian (93%). Model testing was done on 144 individuals 

whom completed 2 month surveys. Across all models age, cognition and BMI were significantly 

associated with total areas of pain. Thirty SNPs from five genes (BDNF, FKBP5, NTRK2, 
NTRK3, and OXTR) were associated with areas of pain and/or pain intensity. Together age, 

cognition, BMI and the SNP from one of the five genes explained 25% of total areas of pain and 

15% of pain intensity. Only age and cognition were significantly associated with lower extremity 

function and only cognition was significantly associated with upper extremity function.

DISCUSSION—The full model was partially supported in this study. Our genetic findings related 

to pain expand prior reports related to BDNF and NTRK2.
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Hip fractures commonly occur among older adults with over 1.5 million occurring each year 

worldwide (Cheng, Levy, Lefalvre, Guy, Kuramoto, Sobolev, 2011). Less than half of 

individuals who experience a hip fracture return to prefracture physical function (Magaziner 

et al., 2003). The return to prefracture physical function is influenced by many factors, 

including cognitive status, type of surgical interventions, age, other comorbid conditions and 

course following surgery(Ariza-Vega, Jiménez-Moleón, & Tange Kristensen, 2014; Beaupre, 

Jones, Johnston, Wilson, & Majumdar, 2012). In addition, pain has been associated with 

physical disability (Eggermont et al., 2014) and sedentary behavior (Stubbs et al., 2013). In 

the post hip fracture period, the presence of generalized pain can lead to a progressive 

decline in function and greater disability (Jensen, Moore, Bockow, Ehde, & Engel, 2011). 

The relationship between pain and function is also influenced by the anatomical location of 

the pain, the intensity of the pain and whether there are multiple sources or sites of pain 

(Eggermont et al., 2014; Yagci, Duymaz, & Cavlak, 2014). Repeatedly, it has been noted 

that chronic pain in multiple musculoskeletal locations increases the risk of future decline in 

mobility and function (Eggermont et al., 2014; Fowler-Brown, Wee, Marcantonio, Ngo, & 

Leveille, 2013).

Age-related changes in the structure, function, and chemistry of the nervous system may 

alter the perception of pain. These changes include a reduction of myelinated and 

unmyelinated fibers and a slowing of nerve conduction (Verdú, Ceballos, Vilches, & 

Navarro, 2000), a reduction in the functional integrity of sensory neurons that impact pain 

(Khalil, Ralevic, Bassirat, Dusting, & Helme, 1994), changes in brain volume in the 

prefrontal cortex and hippocampus which further influence pain perception (Farrell, 2012), 

and reduced functioning of endogenous pain modulatory mechanisms with regard to 

dopaminergic neurons in the basal ganglia (Cole, Farrell, Gibson, & Egan, 2010). Generally 

the cumulative effect of these changes and clinical findings suggest that with age there is an 

increased threshold and decreased tolerance for pain (Gibson & Farrell, 2004).

There is evidence to suggest that single nucleotide polymorphisms (SNPs) in multiple genes 

influence pain perception and interpretation (Table 1). SNPs are variations in a single DNA 

building block (A, T, C, G), called a nucleotide. Genetic influences of pain contribute to the 

modulation of pain in both the central nervous system (CNS) and in the periphery; SNPs in 

genes that participate in synaptic plasticity or the activation of spinal microglia have been 

associated with pain. Genetic variation can also influence nerve conduction and synaptic 

transmission, which could lead to altered pain sensation. To date, candidate gene analyses in 

pain research have focused mainly on 10 genes that were identified either in animal models 

or humans to be associated with pain (Belfer et al., 2013; Di Lorenzo et al., 2014; Renn, 

Leitch, & Dorsey, 2009). These genes include: BDNF, FKBP5, NTRK2, NTRK3, OXTR, 
NTRK1, DRD4, SLC6A4, COMT and MAOA. Table 1 provides a detailed description of 

these genes and their mechanisms of action. The candidate genes are believed to influence 

pain on the basis of their encoded proteins being involved in pathways that are logically 
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expected to affect pain. Details of how specific SNPs from these genes influence pain are not 

yet established. Replication of the associations tested between the genes, associated SNPs 

and pain has not been consistent across studies and patient populations. Moreover, there 

have been no prior studies examining genetic factors that are associated with pain and 

subsequent function among older adults post hip fracture.

The purpose of this study was to explore the factors that influence pain among older adults 

post hip fracture and whether or not pain directly or indirectly influenced upper and lower 

extremity function. As shown in Figure 1, it was hypothesized that relevant demographic and 

descriptive factors (those that were significantly correlated based on bivariate correlations 

with total areas of pain, total pain intensity or upper or lower extremity function) and genetic 

variability would be associated with total areas of pain and total pain intensity and all of 

these variables would directly and indirectly be associated with upper and lower extremity 

function at 2 months post hip fracture.

Methods

Design and Sample

This was a secondary data analysis using data from the first 200 participants in a Baltimore 

Hip Study (BHS), BHS-7. The primary focus of the parent study, BHS-7, was to compare 

men and women, frequency matched (1:1) on calendar time of fracture and hospital, 

regarding consequences, recovery trajectories and their predictors post hip fracture. 

Individuals were eligible if they were living in the community prior to fracture, aged 65 

years or older and admitted for surgical repair of a hip fracture to one of the eight study 

hospitals. Individuals were excluded if they had a pathologic fracture, were not ambulating 

unaided by another person prior to the fracture, did not speak English, resided more than 70 

miles from the hospital, weighed more than 300 pounds, or had hardware in the contralateral 

hip. The first 200 study participants were included in this analysis. To obtain the sample, 911 

hip fracture patients were screened, 517 (57%) were eligible (222 males; 295 females), and 

105 men and 107 women consented to participate. Twenty-three participants were 

withdrawn (eight participants failed to provide baseline or two-month data; six were 

ineligible; and nine were removed as a result of an IRB-requested post procedure audit) 

leaving 189 participants. Among these participants, 172 (91%) had a DNA sample and were 

included in this analysis. The parent study was approved by the Institutional Review Boards 

of the University of Maryland Baltimore and review boards within the participating 

hospitals.

Measures

Following consent, baseline assessments and a blood draw were performed by study 

evaluators and repeat assessments were done at two months. A proxy was asked to respond 

to survey questions focused on function for participants who scored < 36 on the Modified 

Mini-Mental State Examination (3MS)(MacKnight, Graham, & Rockwood, 1999). All 

measures used in this study had previously established evidence of reliability and validity.
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Demographic information included age, gender, marital status, and education. Cognitive 

status was evaluated using the 3MS(MacKnight et al., 1999). Scores can range from 0 to 100 

with higher numbers indicating less impairment. To describe comorbidities, the Charlson 

Comorbidity Index (Charlson, Pompei, Ales, & MacKenzie, 1987) was completed using data 

from medical records. Body Mass Index (BMI) was based on weight in kilograms divided by 

height in meters.

Function and Pain—Measures of function were based on subjective input from the 

participant/proxy. Lower extremity function was evaluated using the Physical Activities of 

Daily Living (PADL) survey, which was modified from the Functional Status Index (Jette, 

1980). Scores ranged from 0–12 with higher scores representing greater impairment. Upper 

extremity Activities of Daily Living were evaluated based on four items (putting on and 

buttoning a shirt, feeding oneself and grooming). Scores ranged from 0 to 4 with higher 

scores indicating more impairment. Pain was calculated based on total areas of pain (upper 

extremity, hip, knee, back or ankle pain with a range of 0 reflecting that the participant had 

no pain in any of the areas evaluated to 5 indicating that there was pain in all 5 areas 

evaluated) and an overall sum of pain intensity across each those areas (0–10 rating scale per 

area and a total range of 0 to 50).

DNA Extraction and Genotyping—DNA was extracted from 3.5–7ml of whole blood 

drawn into a BD vacutainer® ACD blood collection tube. The sample was transported on ice 

to the Translational Core Lab (University of Maryland School of Medicine, Baltimore MD) 

and blood was frozen at −20C within one hour of blood draw. The 64 SNP OpenArray chip 

was created using the online design software from Life Technologies. Eighteen of the 64 

assays were custom assays, designed by the software, the others were off-the-shelf Taqman 

assays. Assays were run on the QuantStudio 12K Flex with the OpenArray block, following 

published protocols(Applied Biodsystems QuantSutdio, 2012). Data were analyzed using the 

provided Genotype software.

Participants were genotyped using the Affymetrix 1M SNP chip (v6.0, Santa Clara, CA 

USA) by the Genomics Core Laboratory at the University of Maryland according to the 

manufacturer’s recommendations. Genotype calling was done using Birdseed algorithm 

(v2.0) which is part of the Birdsuite tools (Korn, Kuruvilla, McCarroll, & et al, 2008). We 

identified 429 SNP variants in 10 candidate genes that have been previously associated with 

pain for genotyping in our sample. Twenty-eight of these SNPs were from BDNF, 22 from 

FKBP5, 18 from NTRK1, 128 from NTRK2, 129 from NTRK3, 41 from OXTR, 5 from 

DRD4, 12 from SLC6A4, 24 from COMT and 22 from MAOA. Of these, 34 were 

significantly associated with total pain and/or total pain intensity.

Statistical Analysis

Descriptive analyses were used to describe the sample and structural equation modeling 

using SPSS and AMOS. For all models tested, the sample covariance matrix was used as 

input and a full information maximum likelihood (FIML) solution sought. Model fit was 

evaluated based on the chi-square statistic divided by degrees of freedom and the Stiegers 

Root Mean Square Error of Approximation (RMSEA). A ratio of ≤ 3 was considered to be a 
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good fit (Bollen, 1989). A RMSEA of < 0.10 was considered good, and <0.05 very good. 

Path significance was based on the Critical Ratio (CR) (Bollen, 1989). Significance for path 

estimates was set at p ≤ 0.05. Differences in model fit were based on significant changes 

between the χ2 and degrees of freedom of each model. Missing data were handled using the 

FIML procedure(Joreskog & Sorbom, 1993). A squared multiple correlation (R2) was 

calculated for each of the dependent variables or outcomes (total areas of pain, total pain 

intensity, and upper and lower extremity function). The R2 indicates the proportion of 

variance in the dependent variable accounted for by the set of independent variables in the 

model. There was complete data on 144 participants across all model variables and no 

differences between those with or without missing data in terms of demographic factors.

Each SNP that was significantly correlated (p≤ 0.05) with either total pain areas or total pain 

intensity based on bivariate correlations was tested in the model independently. An additive 

genetic model was tested for these models. Specifically, coding for the SNP variables 

represented the number of minor alleles carried by each participant (i.e., 0, 1 or 2). Linkage 

disequilibrium (LD) in the observed regions was calculated for both D′ and r2 using 

HAPLOVIEW. LD plots are provided in Appendix A for candidate genes with multiple 

significant SNP findings. Linkage disequilibrium occurs when there is a strong association 

between having a particular allele (alleles are defined as two alternate forms of a gene that 

are composed of at least one SNP) at one location of a gene and having another allele at a 

different location on the gene. The association suggests that the two alleles are not providing 

separate information. If there is linkage disequilibrium the two loci or positions of the alleles 

or SNPs being considered are both contributing to the phenotype which in this study is an 

individual with pain.

Secondary Analysis – NTRK 2 3′UTR

We identified an association signal in NTRK2 which was particularly interesting as it was in 

the 3′ untranslated region (UTR) of the truncated isoform of the BDNF receptor, termed 

trkB.T1. We used phylogenetic module complexity analysis(Claussnitzer, Dankel, & Klocke, 

2014) to examine the potential functional relevance of the SNPs in this 3′ untranslated 

region and identified rs41277883 for further study. This SNP was found to overlap with 

evolutionary conserved elements and was predicted to be a weak enhancer. With this in mind 

we conducted follow-up genotyping on the full dataset using TaqMan assays (Life 

Technologies, Grand Island, NY) according to the manufactures specifications.

Full model testing is shown in Figure 1. At two months post hip fracture, age, cognition, 

BMI, gender and comorbidities were hypothesized to be directly associated with total areas 

of pain, pain intensity and upper and lower extremity function. Age, cognition, BMI, gender 

and comorbidities were hypothesized to be indirectly associated with upper and lower 

extremity function through total pain areas and pain intensity. Each relevant SNP was 

hypothesized to be directly associated with total number of areas of pain and total pain 

intensity. Pain intensity and total pain areas were hypothesized to be directly associated with 

upper and lower extremity function.
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Results

As per study design 50% of the participants were female. The majority of the participants 

were Caucasian (93%), and the average age was 81.09 (SD=7.42). Descriptive statistics are 

provided in Table 2. As shown in Table 1, 30 SNPs of the 34 SNPs included in model testing 

were significantly associated with either total pain areas or total pain intensity in the tested 

models. The 30 SNPs significantly associated with pain were from five genes, BDNF, 
FKBP5, NTRK2, NTRK3, and OXTR. The path estimates are provided in Table 3 and show 

whether or not there is a significant association between the SNP and pain. When significant 

it means that there is a genetic influence of that gene on pain. In addition, the path estimates 

or relationships between all the other variables in the model are also shown in Table 3. Each 

of the SNPs conformed to the expectations of Hardy Weinberg equilibrium (p>0.05) and had 

sufficiently high call rate (>90%) to be included in model testing.

Full hypothesized model testing indicated that 10 of the 18 hypothesized paths were 

significant and there was a fair fit of the model to the data (χ2 / df = 3.82, NFI=.84, and 

RMSEA = .13). The model was revised with all non-significant paths removed (Figure 2) 

and testing of the revised model showed a non-significant improvement in fit with χ2 / df = 

2.52, NFI=.88, and RMSEA = .09 (χ2 / df difference between the two models = 1.30, df 

difference of 1, p > .05).

As shown in Table 3, the SNPs tested from BDNF (rs11602246) and FKBP5 (rs16878806; 

rs16879378; rs145774) were significantly associated with total number of areas of pain and 

three SNPs from NTRK2 (rs11140755; rs12340748; rs10780688) and five SNPs from 

NTRK3 (rs17765281; rs11634388; rs16941001; rs16941392; rs8033396) were significantly 

associated with total areas of pain. The single significant SNP from OXTR (rs2270465) was 

associated with total pain intensity and 15 SNPs from NTRK2 (rs4142910; rs7019555; 

rs4631550; rs1565447; rs1565446; rs1565445; rs10125469; rs7045296; rs7030960; 

rs7857957; rs1490406; rs1490405; rs1490404; rs10123600; including rs41277883 from the 

secondary data analysis) and three SNPs from NTRK3 (rs11634388; rs16941392; 

rs11073768) were also associated with total pain intensity. There were two SNPs from 

NTRK3 (rs11634388 and rs16941392) that were significantly associated with both total 

areas of pain and total pain intensity. The risk allele associate with each significant SNP is 

shown in Table 3.

In each of the models tested, the R2 for total areas of pain was 25% indicating that age, 

cognition, BMI and the associated SNPs explained 25% of the variance in total areas of 

pain. Those who were younger, more cognitively intact, had higher BMIs and had a genetic 

predisposition in the significant SNPs reported more areas of pain. The R2 for total pain 

intensity was 15% indicating that age, cognition and significantly associated SNPs explained 

15% of the variance in pain intensity. Those who were younger, more cognitively intact and 

had a genetic predisposition in the significant SNPs reported more intense pain.

As shown in Table 3, in the revised model, only age and cognition were directly associated 

with lower extremity function and based on the R2 explained 25% of the variance in lower 

extremity function. Those who were older and less cognitively intact had greater impairment 
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in lower extremity function. Cognition was the only variable associated with upper body 

function such that more cognitively impaired individuals had greater impairment in function. 

Based on the R2, cognition explained 46% of the variance in upper body function.

Genes with multiple significant SNPs were tested for linkage disequilibrium (Appendix A). 

All the SNPs from FKBP5 were in high LD (r2>0.92), and all of the SNPs in the NTRK2 
gene had high pair-wise LD (r2 > 0.86) except for rs10780688The LD pattern for NTRK3 
was less apparent. Two SNPs (rs1863482 and rs11073768) were in perfect LD and two other 

SNPs (rs8033396 and rs17765281) were in high LD (r2=0.81). Modest, but not high LD was 

observed between the other significant SNPs. For the SNPs with high LD it is likely that 

they are similar SNPs from the same location within the gene and do not contribute 

differently to the interpretation of pain or other outcomes.

Discussion

Across all of the models tested there was at most 10 significant paths out of the 18 

hypothesized paths tested. Therefore, the hypothesized model was only partially supported 

in this study. The lack of association noted in our findings between pain and function has 

also been reported among patients with non-cancer associated pain (Kauppila, Pesonen, 

Tarkkila, & Rosenberg, 2007) as well as prior samples of patients post hip fracture (Ekström 

et al., 2013). When pain was associated with function among hip fracture patients, it was 

between 4 and 12 months post fracture (Morrison, Sean, Fischberg, & Cintron, 2009) rather 

than at the 2 month time point. Although it is possible that among older adults pain does not 

influence function and that resilience or other factors not tested in the model may be more 

important. Conversely, it is also possible that the lack of association between pain and 

function in this study may have been due to the fact that participants did not note pain as 

they were sedentary and receiving help with activities of daily living at the 2 month follow 

up period.

From five of the candidate genes a total of 30 SNPs were associated with pain based on 

model testing: BDNF (1 SNP), FKBP5 (3 SNPs), NTRK2 (18 SNPs), NTRK3 (7 SNPs), and 

OXTR (1 SNPs). Our findings expand prior reports related to BDNF and NTRK2. The 

neurotrophin BDNF has been shown to be a potent modulator of pain processing in the CNS 

(Merighi, Salio, Ghirri, & al., 2008). Noxious stimulation increases BDNF production in the 

spinal dorsal horn (SDH)(Coull, et al., 2005) and brainstem (Renn, Lin, Thomas, & Dorsey, 

2006), leading to hyperalgesia and the formation of mechanical allodynia. This is 

presumably because BDNF signaling participates in the development of windup and central 

sensitization in the SDH, using mechanisms similar to those in the development of long-term 

potentiation in the hippocampus (Latremoliere & Woolf, 2009).

The NTRK2 SNP (rs41277883) tested in the secondary analysis is particularly interesting 

because it is in the 3′ untranslated region (UTR) of the truncated isoform of the BDNF 
receptor, termed trkB.T1. We have shown that trkB.T1, but not the full-length kinase active 

receptor, is significantly upregulated in a variety of rodent models of pain including 

persistent inflammation, acute heat pain, and spinal cord injury hyperpathia (Renn, Leitch, 

& Dorsey, 2009; Wu, Renn, Faden, & Dorsey, 2013). Mice in which we genetically deleted 
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the trkB.T1 receptor (Dorsey et al., 2006) developed significantly less hyperalgesia and 

allodynia in these models. It is possible, therefore, that reducing trkB.T1 expression reduces 

pain (Renn et al., 2009; Wu et al., 2013). Thus, this study is among the first to provide 

evidence for a genotype/pain phenotype association with SNPs in the 3′UTR of the trkB.T1 

receptor gene NTRk2. Future research needs to focus on replicating this work in humans as 

it may be possible to delete the trkB.T1 receptor and decrease pain sensation among 

humans.

In addition to specific SNPs from the 5 candidate genes, age, cognition, and BMI were 

significantly associated with total number of areas of pain and age and cognition were 

associated with total pain intensity. Participants who were older reported more areas of pain 

but overall less intensity of pain. This is consistent with prior reports suggesting that pain 

sensitivity may decrease with increasing age (Alves, et al., 2012). Physiologically pre-

clinical studies (Gagliese, 2009) have noted that with age there tends to be an increase in the 

pain threshold and it takes more of a stimulus to get a response. Despite a decrease in pain 

sensitivity with increased age, older adults tend to have decreased tolerance to pain (Molton 

& Terrill, 2014). Our BMI findings support prior work noting the negative impact of body 

weight in terms of causing pain in the weight bearing joints of the musculoskeletal system 

(Karlsson, Magnusson, Cöster, Karlsson, & Rosengren, 2015).

Cognition was the only variable to be associated with upper extremity function and this may 

reflect the frontal lobe function needed to plan and complete bathing and dressing (Liu-

Seifert et al., 2015). Age was associated with lower extremity but not upper extremity 

function. Taken together, only a small percentage of the variance in function was explained. 

It is likely that many other factors are involved with performance of these basic functional 

tasks such as availability of a caregiver to complete the tasks thus eliminating the older 

adult’s opportunity to perform the given activity.

Implications for Nursing Practice

The findings from this study can help guide nurses in the evaluation of factors that may be 

associated with pain among older adults post hip fracture. As shown in Table 3 there is some 

indication that there is a genetic influence associated with experiencing pain. Although 

currently there is insufficient research to be able to identify specific genotypes that will be 

more likely to have musculoskeletal pain post hip fracture, nurses should recognize that 

there is a relationship between genetic makeup and pain sensation. Further, nurses should 

expect that those who are older and have higher BMIs may be more likely to have multiple 

areas of pain following a hip fracture but actually less pain intensity than a younger 

individual. When providing care to older adults post hip fracture it should not be assumed 

that pain reported is only from the fracture site. It is possible that many other commonly 

experienced areas of musculoskeletal pain due to chronic illnesses are contributing to the 

pain experienced by the older individual. The treatment for these areas of pain may be 

different than the acute management of fracture or post-surgical pain. Likewise, recognizing 

that older patients may not have as intense pain for the same clinical problem as a younger 

individual is important to avoid over treatment of the pain with excessive opiod use.
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Our findings suggest that nurses providing care to patients in the post-acute recovery period 

(i.e., at 2 months post hip fracture) should recognize that pain does not significantly 

influence function among these individuals. Rather, evaluation of cognition is critical to 

anticipating the patient’s ability to engage in functional tasks. Interventions to optimize 

function among those who are cognitively impaired include such things as modeling the 

behavior versus providing verbal cues, giving simple one step commands, and practicing 

functional tasks repeatedly (Galik, Resnick, Hammersla, Brightwater, 2014).

Study Limitations

One of the strengths of this study was the inclusion of equal numbers of males and females. 

The study was limited, however, by inclusion of community dwelling older adults from a 

single state. In addition, data were obtained based on verbal report at a single time point. We 

had a small percentage of African American participants which may have biased the genetic 

findings. Given the exploratory nature of this study we did not correct for the testing of 

multiple models. Repeat testing of the proposed model with a larger sample is needed to 

establish the reliability of the noted associations between SNPs and outcome variables.

Conclusion

The purpose of this study was to explore the factors that influence pain among older adults 

post hip fracture, including genetic variability, and evaluate whether or not pain directly or 

indirectly influenced upper and lower extremity function. Despite stated limitations this 

study provides some support for previously identified candidate genes for pain among older 

adults and supports prior work suggesting that pain may not strongly influence function in 

the early post hip fracture period. Further exploration of the association between pain and 

function, gene expression and protein synthesis is needed to elucidate the mechanistic 

relationships with musculoskeletal pain in older adults.
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Appendix A

Linkage Disequilibrium (LD) Plot for FKBP5

Darker shading indicates higher r2 (black indicates r2=1) and numerical values are 

calculated for D′.

Linkage Disequilibrium (LD) Plot for NTRK2
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Darker shading indicates higher r2 (black indicates r2=1) and numerical values are 

calculated for D′.

Linkage Disequilibrium (LD) Plot for NTRK3

Darker shading indicates higher r2 (black indicates r2=1) and numerical values are 

calculated for D′
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Figure 1. 
Full hypothesized Model
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Figure 2. 
Model: Significant Paths Only
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