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ABSTRACT 
Malnutrition is a risk factor for noncommunicable diseases 
related to ageing, and it can also contribute to musculoskeletal 
health. This study investigated whether nutritional risk is 
associated with chronic musculoskeletal pain in community- 
dwelling older persons. Nutritional risk was assessed by the 
DETERMINE Checklist. Chronic musculoskeletal pain was defined 
as the presence of pain in the past six months that did not 
disappear for at least 30 consecutive days. Multivariate logistic 
regression including confounding variables was used for the 
analysis. The sample was comprised of 383 participants (age 
75.6 � SD 6.1); the majority were at moderate-to-high nutritional 
risk (69%) and approximately one third presented chronic 
musculoskeletal pain (30%). The nutritional risk score was 
independently associated with chronic musculoskeletal pain: 
adding one unit in the risk score produces an 11%�increment in 
the odds of presenting pain (OR 1.109, 95%� CI 1.022–1.204). 
Individuals classified into moderate- or high-risk categories also 
had substantially higher odds (∼90%) of presenting chronic 
musculoskeletal pain when compared to those in the low-risk 
category, although our findings were only marginally significant. 
This is the first study to demonstrate the association between 
nutritional risk and chronic musculoskeletal pain above and 
beyond the contributed effects from relevant confounders. 

KEYWORDS  
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Introduction 

The World Health Organization (WHO) recognizes older persons as parti-
cularly vulnerable to malnutrition. The identification of community-dwelling 
older persons at risk of malnutrition and the awareness of the factors 
associated with this risk are crucial for the development of strategies to 
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promote nutritional health and to reduce adverse health outcomes in later life. 
Malnutrition is a risk factor for multiple chronic noncommunicable diseases 
(CND) related to aging, such as cardiovascular diseases, diabetes, and cancer 
(1), and it can also contribute to the musculoskeletal health. The relationship 
between malnutrition and musculoskeletal health has mainly been acknowl-
edged through the role of obesity (overnutrition) in producing excessive joint 
loads that can trigger the development of degenerative joint diseases (2–4). 
On the other hand, the reduction in the quantity of food intake among older 
persons put them at higher risk of nutrient deprivation (undernutrition) and 
this can also affect their musculoskeletal health through the loss of lean mass 
and skeletal muscle function (5–7). 

Despite the extensive body of literature supporting the link between 
malnutrition and musculoskeletal health, to our knowledge, no previous study 
has focused on the relationship between nutritional risk and chronic 
musculoskeletal pain. The present study investigated whether nutritional risk 
is independently associated with chronic musculoskeletal pain in Brazilian 
community-dwelling older persons. 

Methods 

Study design 

This cross-sectional study is part of a population-based survey on the 
prevalence of musculoskeletal disorders in Brazilian community-dwelling 
older persons, namely, the Pain in the Elderly (PAINEL) Study. The sample 
was derived from the FIBRA Network Study (Frailty among Brazilian Older 
Adults), Federal University of Minas Gerais (UFMG) pole. Recruitment was 
based on a probability sample of 1640 households located in 15 clusters 
(census regions) distributed across the city of Belo Horizonte (8). Belo 
Horizonte is the third largest capital city of the Southeast of Brazil, currently 
comprising 2.4 million inhabitants (http://www.ibge.gov.br). The study was 
approved by the Research and Ethics Committee of Federal University of 
Minas Gerais (process number ETIC 187/07). 

Participants 

Eligible subjects were community-dwelling older persons of both sexes, aged 
65 years or older, who were actively enrolled in FIBRA Network Study and 
consented to participate in the PAINEL Study. Individuals were excluded if 
they presented any of the following conditions: severe cognitive impairment; 
transient or permanent bedridden status; wheelchair confinement; severe 
sequelae of stroke; or neurological disorders that could hinder their perfor-
mance on tests. Those who did not provide data on chronic musculoskeletal 
pain were also excluded from the present analysis. 
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Measurements 

From April 2010 to March 2012, the following variables were collected 
through telephone interviews or face-to-face examinations: age, sex, Body 
Mass Index (BMI), depression, cardiovascular disease, diabetes, cancer, 
chronic musculoskeletal pain and nutritional risk. BMI was calculated from 
directly measured weight and height (weight, kg/ [height, m]2). Depressive 
symptoms were assessed through the Geriatric Depression Scale (GDS-15), 
which had been translated to Portuguese-Brazil and validated to the Brazilian 
population (9). Cardiovascular disease, diabetes, and cancer were identified 
through the self-report of a diagnosis by a doctor in the past 12 months. 
Chronic musculoskeletal pain was identified through the question: “In the 
past six months, did you feel any pain that did not disappear for at least 30 
consecutive days?” Nutritional risk was assessed by the DETERMINE Your 
Nutritional Health Checklist from the Nutrition Screening Initiative (NSI) 
(10). The overall risk score from the DETERMINE checklist ranges from 0 
to 21 points and consists of assigning different risk weights to 10 items 
covering the following aspects: diseases or use of medications that affect 
dietary intake, problems shopping for food (including access and financial 
difficulties), frequency of eating, specific component intake (e.g., fruits, vege-
tables, milk, alcohol), history of rapid weight change, and social isolation. 
Scores from 0–2 points identify elders at low nutritional risk, from 3–5 points 
identify elders at moderate nutritional risk, and scores of 6 or more points 
identify those at high nutritional risk (10). 

Statistical analysis 

Frequencies, means, and standard deviations were calculated for descriptive 
analyses. Student’s t-test and Chi-squared test were used to investigate the 
association between sociodemographic or clinical characteristics and chronic 
musculoskeletal pain. Characteristics associated at p < 0.15 were considered 
potential confounders and entered into the multivariate logistic regression 
analysis investigating the independent association between the overall nutritional 
risk score and chronic musculoskeletal pain (dependent variable). Nutritional 
risk categories (low, moderate, or high) were also assessed in a separate multi-
variate analysis to contribute to the clinical interpretation of findings. Continuous 
predictors (BMI and GDS) were not categorized to avoid loss of power and 
residual confounding (11). Statistical significance was set at p < 0.05 for the final 
multivariate regression analysis. SPSS 19.0 (SPSS Inc., Chicago, USA) was used. 

Results 

A total of 383 participants, 272 (71.0%) women and 111 (29.0%) men, with 
mean age of 75.6 (SD � 6.1) years, were included in the study. BMI was above 
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the WHO cut-off point for overweight (BMI ≥25 kg/m2) in 253 (66.1%) part-
icipants. The prevalence of chronic musculoskeletal pain was 30.0%. 
Nutritional risk statuses of the participants were as follows: 119 (31.1%) were 
at low risk; 144 (37.6%) were at moderate risk; 120 (31.3%) were at high risk. 
The mean nutritional risk score was 4.3 points (SD � 3.1, range 0–14). Table 1 
displays the results of univariate analyses on the relationship between 
sociodemographic or clinical characteristics and chronic musculoskeletal 
pain. The following characteristics were associated with chronic musculoske-
letal pain below the selected significance threshold and were thus entered into 
the multivariate models: age, sex, BMI, GDS score, and diabetes. In the final 
regression model controlling for confounders, the nutritional risk score was 
significantly associated with chronic musculoskeletal pain (odds ratio, OR 
1.109, 95%�CI 1.022–1.204, p ¼ 0.013). The analysis considering nutritional 
risk categories (with low risk as the reference) found marginally significant 
associations: moderate risk, OR 1.819, 95%� CI 0.979–3.380, p ¼ 0.058; 

Table 1. Relationship between participants’ characteristics and chronic musculoskeletal pain, 
n ¼ 383. 

Characteristics 

Chronic musculoskeletal pain 

P-value No (n ¼ 268) Yes (n ¼ 115)  

Age, years, mean � SD 76.0 � 6.3 74.5 � 5.5  0.023* 
Sex, n (%)    0.002† 
Female 178 (66.4) 94 (81.7)  
Male 90 (33.6) 21 (18.3)  
BMI, kg/m2, mean � SD 26.4 � 4.5 29.4 � 5.2  <0.001* 
Overweight or obese (BMI � 25 kg/m2) 160 (59.7) 93 (80.9)  <0.001† 
GDS, 0–15, mean � SD 7.0 � 1.7 7.6 � 2.0  0.003* 
Cardiovascular disease, n (%) 25 (9.3) 15 (13.0)  0.276† 
Diabetes, n (%) 36 (13.4) 23 (20.0)  0.103† 
Cancer, n (%) 7 (2.6) 4 (3.5)  0.642† 
Nutritional risk     

Overall risk score, 0–21, mean � SD 3.8 � 2.8 5.4 � 3.3  <0.001*  
Categories of risk    0.001†   

Low risk, 0–2 points 97 (36.2) 22 (19.1)    
Moderate risk, 3–5 points 99 (36.9) 45 (39.1)    
High risk, >6 points 72 (26.9) 48 (41.7)  

Note. BMI, Body Mass Index; GDS, Geriatric Depression Scale; *Student’s t-test; yChi-square test.    

Table 2. Independent association between nutritional risk and chronic musculoskeletal pain, 
n ¼ 383. 

Multivariate  
analysis 

Overall risk score 0–21 Categories of risk low, moderate, high* 

Exp(B) 95%�CI P-value Exp(B) 95%�CI P-value  

Age, years  0.970  0.931–1.011  0.145  0.966  0.927–1.007  0.100 
Sex, female  1.674  0.952–2.943  0.074  1.763  1.002–3.100  0.049 
BMI, kg/m2  1.105  1.050–1.164  <0.001  1.110  1.054–1.168  <0.001 
GDS, 0–15  1.138  0.992–1.306  0.065  1.167  1.018–1.338  0.027 
Diabetes  0.997  0.527–1.884  0.992  0.979  0.518–1.851  0.949 
Nutritional risk  1.109  1.022–1.204  0.013  N/A  
Moderate risk  N/A   1.819  0.979–3.380  0.058 
High risk  N/A   1.910  0.998–3.655  0.051 

Note. BMI, Body Mass Index; GDS, Geriatric Depression Scale; *Reference ¼ low risk.     
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high risk, OR 1.910, 95%�CI 0.998–3.655, p ¼ 0.051). Table 2 presents the 
findings from both multivariate analyses. 

Discussion 

Malnutrition has a direct impact on CND associated with increased mortality 
and it is also an important contributor to the evolution of multimorbidity 
in later life (12). Painful musculoskeletal problems are an integral part 
of this multimorbidity scenario. Recent data from European cohort studies 
identified musculoskeletal problems as the most prevalent conditions among 
older adults with multimorbidity and the major contributor to their quality 
of life (13). 

The majority of community-dwelling older persons in our study were 
at moderate to high nutritional risk (almost one third were at high risk). 
Previous epidemiological studies assessing the risk of malnutrition in Brazilian 
community-dwelling older persons reported prevalence estimates from 22%– 
31%� (14–16). Worldwide prevalence estimates of malnourishment and 
risk of malnutrition among community-dwelling older persons show great 
variability, ranging from 1%–8%� for malnourishment and from 4%–44%�

for risk of malnutrition (17–22). This large variability is probably due to 
geographical differences, use of different measurement instruments, and/or 
definitions. For example, there is currently a lack of consensus on how to 
define and operationalize malnutrition (23). 

We found a significant association between nutritional risk score and 
chronic musculoskeletal pain: the odds of presenting chronic musculoskeletal 
pain were 11%� higher by adding one unit in the nutritional risk score. 
One key aspect was that the association between nutritional risk and chronic 
musculoskeletal pain was independent from the contributed effects from 
other CND. As expected, BMI was strongly associated with chronic musculos-
keletal pain: the odds of presenting chronic musculoskeletal pain were 10%�to 
11%� higher for each additional BMI unit. We also found marginally 
significant results indicating that individuals classified into moderate or high 
risk categories have up to 91%�higher odds of presenting chronic musculoske-
letal pain, when compared to those in the low-risk category. 

Concurrent associations between obesity and chronic musculoskeletal pain, 
and between nutritional risk and chronic musculoskeletal pain, may be viewed 
as counterintuitive at first glance, since higher scores on the DETERMINE 
Checklist relate to low nutrient intakes in comparison with Recommended 
Dietary Allowances (RDA) standards (10). However, these associations 
possibly refer to distinct etiologic pathways, where increased joint load 
and inflammation may constitute shared underlying mechanisms. When 
it comes to obesity, increments in body weight can produce pain by directly 
imposing abnormal mechanical loads to articular surfaces (particularly in 

JOURNAL OF NUTRITION IN GERONTOLOGY AND GERIATRICS 47 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 L

ib
ra

ry
 U

tr
ec

ht
] 

at
 2

2:
01

 1
4 

M
ar

ch
 2

01
6 



large weight-bearing joints such as hip and knee) (2), while obesity-related 
systemic factors, such as proinflammatory cytokines secreted by the adipose 
tissue, can further contribute to musculoskeletal pain through a direct 
sensitization of nociceptive afferent nerve fibers (24). On the other hand, 
undernutrition can also increase mechanical joint loads by a depletion in 
skeletal muscle mass that produce a reduction in the “muscle corset” protective 
role against joint impact loading (25). 

Lebreton and colleagues have recently described an inflammatory 
mechanism triggered by undernutrition that may also produce pain by the 
sensitization of nociceptors. They found that undernutrition causes mesen-
teric vascular dysfunction due to smooth muscle impairment, which can lead 
to a systemic inflammatory response (26). Additionally, the synergistic inter- 
relationships between increased joint load and inflammation introduce more 
complexity to these casual pathways. First, imbalances between protein syn-
thesis and breakdown (e.g., up-regulation of proteolytic enzymes) triggered 
by inflammation can contribute to significant loss of muscle mass (27) and 
to increased degradation of cartilaginous joint structures (28, 29), which in 
turn lead to an increased mechanical loading. Second, mechanical joint load 
is known as one of the key factors responsible for regulating the cartilaginous 
matrix metabolism and the production of proinflammatory mediators (30). 
The shared mechanisms and the relationships between malnutrition (obesity 
or undernutrition) and pain are described in Figure 1. 

Lee and colleagues have demonstrated that the odds of having painful 
degenerative joint disease are higher in individuals with sarcopenic obesity, 
when compared to nonsarcopenic nonobese, sarcopenic nonobese, or nonsar-
copenic obese individuals (29). This finding suggests that the combination 
of obesity and low musculoskeletal mass may yield a double burden to older 
persons, by increasing their risk of developing chronic musculoskeletal pain. 
A large proportion of participants in our sample (48.8%) were both 
overweight/obese and at moderate to high nutritional risk. We have explored 
the potential joint effect of BMI and nutritional risk on the prevalence of 
chronic musculoskeletal pain through a post-hoc multivariate logistic regression 

Figure 1. Shared mechanisms and relationships between malnutrition and pain.  
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analysis including the interaction term BMI x nutritional risk score. However, 
we could not find evidence for any relevant joint effect (data not shown). 

This is the first study to demonstrate the association between nutritional 
risk and chronic musculoskeletal pain above and beyond the contributed 
effects from relevant confounders. Taken together, our findings highlight 
the need for raising the awareness of the mutual contribution of nutritional 
and musculoskeletal health among older persons. This is particularly impor-
tant in developing countries such as Brazil, where the rapid demographic 
transition represents an anticipated challenge to societies and public health 
systems when it comes to handling age-related adverse health consequences 
(31). Future longitudinal studies must clarify the direction of the complex 
relationships between nutritional risk and chronic musculoskeletal pain, given 
that reverse causation cannot be ruled by the cross-sectional nature of our 
analysis. 

Take away points  

.� We investigated the association between nutritional risk and chronic 
musculoskeletal pain. 

.� Although the assessment of nutritional risk has mainly focused on 
institutionalized elders, we found high rates of nutritional risk (∼70%) 
among community-dwelling older persons. 

.� Malnutrition and chronic musculoskeletal pain are known to affect an 
important proportion of older persons, but the knowledge on the relationship 
between these comorbidities is still limited. 

.� Our study is the first to demonstrate a significant and independent 
association between nutritional risk and chronic musculoskeletal pain. 
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