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ABSTRACT

Objectives: Understanding the patterns and implications of coexisting musculoskeletal conditions is crucial for developing ef-
fective management strategies and improving care for older adults. This study aimed to examine the associations between mus-
culoskeletal multimorbidity burden and trajectory and holistic well-being among middle-aged and older adults.

Methods: This prospective study employed data from nine consecutive waves of the English Longitudinal Study of Aging
(ELSA), spanning 2002-2018. We used latent class trajectory models (LCTM) to identify groups based on changes in muscu-
loskeletal multimorbidity status. Subsequently, we employed linear mixed models to investigate the associations between mus-
culoskeletal disease burden, trajectory groups, and seven dimensions of holistic well-being: Activities of Daily Living (ADLSs),
Instrumental Activities of Daily Living (IADLs), depression, memory, loneliness, social interactions, and life satisfaction.
Results: In total, 5272 participants (mean age: 71.9years; SD: 8.9) were included in the final analysis. Four distinct trajectories
were identified: a low-burden group (48.37%), an emerging group (14.76%), a moderate-burden group (26.00%), and a persistent
burden group (10.87%). After adjustment, the findings demonstrate that the musculoskeletal disorder burden significantly im-
pacts ADLs, depression, memory, social interactions, and life satisfaction in middle-aged and older adults, with minor effects
on IADLs and loneliness. Moreover, with the escalation of the burden, its impact significantly intensifies (p for trend is <0.001).
Compared with the low-burden group, participants in both the moderate and persistent burden groups exhibited significantly
lower capabilities in ADLSs, poorer memory, increased social interactions, and lower life satisfaction. The emerging group dis-
played a similar trend, though without statistically significant results.

Conclusions: Our study suggests that the extent and persistence of musculoskeletal disease burden can significantly affect ho-
listic well-being among middle-aged and older individuals.
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1 | Introduction

Age-associated multiple chronic diseases (multimorbidity)
are a growing issue and pose a major challenge to healthcare
systems around the world [1]. Musculoskeletal diseases, the
most common cause of severe long-term pain and physical
disability, are prevalent and their impact is pervasive [2].
Musculoskeletal multimorbidity, defined as the coexistence
of two or more musculoskeletal diseases, is increasingly com-
mon with population aging [3]. Understanding the patterns
and implications of these coexisting conditions is crucial for
developing effective management strategies and improving
older care.

Well-being, a positive state experienced by individuals and so-
cieties, encompasses quality of life and the ability of people
and societies to contribute to the world with a sense of mean-
ing and purpose [4]. Focusing on well-being aids in monitor-
ing the equitable distribution of resources, overall thriving,
and sustainability [5]. Previous research indicates that certain
musculoskeletal disorders, such as arthritis and lower back
pain, significantly impact the quality of life, mental health, and
psychological well-being of older individuals [6, 7]. Currently,
most studies focus solely on the impact of a single musculo-
skeletal disorder at baseline on specific aspects of middle-aged
and older individuals' lives, whereas the influence of the dy-
namic progression of chronic musculoskeletal disease accu-
mulation on holistic well-being has received relatively minor
attention. Recently, the Investigating Musculoskeletal Health
and Wellbeing (IMH&W) study is developed to measure and
characterize the development and progression of pain, frailty,
and disability, and to identify discrete subgroups and their as-
sociations [8, 9]. Prior evidence linking the rapid accumulation
of chronic conditions to poorer physical resilience and higher
risk of disability suggests that the developmental trajectory
of multimorbidity reflects the aging process and individuals’
health deterioration [10]. Consequently, efforts to ascertain
the developmental trajectory of musculoskeletal chronic con-
ditions and explore their long-term association with holistic
well-being are warranted [11].

To fill these research gaps, we conducted a longitudinal co-
hort study with a representative sample of middle-aged and
elderly adults across Europe. The objectives of the study were
to (i) identify associations between the burden of musculoskel-
etal multimorbidity at baseline and holistic well-being in later
life, and (ii) explore the relationship between the trajectory
patterns of musculoskeletal multimorbidity and holistic well-
being in later life.

2 | Methods
2.1 | Study Population

The English Longitudinal Study of Aging (ELSA) is a longitu-
dinal panel study that examines the dynamics of aging within
a nationally representative sample of the English population re-
siding in private households [12]. Participants were subsequently
revisited biennially to collect data on their sociodemographic,
lifestyle, and clinical information, among other aspects. Ethical

approval for each wave of ELSA was obtained from the National
Research Ethics Service (London Multicenter Research Ethics
Committee), and the IRB number assigned to the first wave was
MREC/01/2/91. All participants provided written informed con-
sent before participation.

This study utilized all available data over a 17-year pe-
riod, from wave 1 (2002-2003) to wave 9 (2018-2019) [13].
Information on self- or proxy-reported chronic musculoskele-
tal conditions was collected between wave 1 and wave 5, span-
ning over 10years, for subsequent analysis of musculoskeletal
multimorbidity. Subsequently, wave 5 was established as the
baseline for analyzing changes in holistic well-being across
various aspects from wave 5 to wave 9. The initial sample of
12,099 individuals from wave 1 underwent screening based
on the following exclusion criteria: (i) participants younger
than 45years were excluded, (ii) those lost to follow-up or
who had died between wave 1 and wave 5 were excluded, and
(iii) individuals with missing data on musculoskeletal dis-
eases were excluded. This process resulted in the exclusion
of 184, 6354, and 289 individuals, respectively, culminating
in a final analytical sample of 5272 adults aged over 45years
(Figure 1). We conformed to the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) reporting
guidelines [14].

2.2 | Musculoskeletal Diseases, Burden,
and Multimorbidity

We selected arthritis, lower back pain, and osteoporosis as rep-
resentative musculoskeletal diseases because of their signifi-
cant prevalence and impact among the middle-aged and older
populations [15-17]. These conditions respectively epitomize
degenerative changes in the joints, spine, and muscles, as well
as bone health. The status of these chronic musculoskeletal dis-
eases, self- or proxy-reported between 2002 and 2010, was clas-
sified as either present or absent. We calculated the cumulative
number of the aforementioned three musculoskeletal diseases
for each participant in every wave to quantify the burden of dis-
ease. Multimorbidity was defined as the presence of two or more
chronic conditions [18].

2.3 | Holistic Well-Being

To comprehensively evaluate the facets of holistic well-being in
middle-aged and older individuals, we selected seven dimen-
sions: Activities of Daily Living (ADLs), Instrumental Activities
of Daily Living (IADLs), depression, memory, loneliness, social
interactions, and overall life satisfaction. ADLs, IADLSs, depres-
sion, social interactions, and life satisfaction were quantified
using corresponding scales completed by participants. Memory
was assessed through the quantification of words recalled im-
mediately and after a delay. Detailed information regarding
the questionnaire items and their significance is available in
Table S1. In this assessment, higher scores for ADLs and IADLSs
indicate enhanced functional abilities; elevated scores in depres-
sion and loneliness reflect more severe symptoms; increased
scores in social interactions signify more frequent engagement
with family and friends; improved memory is denoted by higher
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FIGURE1 | Study design diagram.

scores in memory tests; and greater life satisfaction is reflected
by higher scores.

2.4 | Covariates

At baseline (wave 5), we evaluated covariates, including a range
of participant characteristics designed to minimize the impact
of confounding factors. These encompassed personal variables
such as age, sex, race/ethnicity (White, Black, Asian, and Other),
marital status (never married, married, divorced, or widowed),
education level (GCE A Level equivalent, lower, or higher), pri-
vate health insurance (presence or absence), and income level
(low, moderate, or high); lifestyle factors such as smoking status
(never, former, or current smoker), alcohol consumption (never/
low, moderate, or high frequency), body mass index (BMI) cat-
egories (<25, 25-30, >30kg/m?), and activity level (sedentary,
low, moderate, or high); and chronic health conditions including
hypertension, diabetes, heart disease (0, 1, 2, or more), cancer,
lung disease, and psychiatric problems (each classified as no or
yes). We assumed that the missing covariate data were missing
completely at random and employed multiple imputation to ad-
dress the missing values [19]. The proportions of missing data
were as follows: insurance (1.27%), income (1.46%), alcohol con-
sumption (7.95%), BMI (7.02%), and activity level (0.97%).

2.5 | Statistical Analyses

We employed latent class trajectory models (LCTM), a special-
ized form of latent class growth analysis devoid of random ef-
fects, to categorize participants based on their unique temporal
patterns of longitudinal musculoskeletal multimorbidity status
change from wave 1 to wave 5. As a finite mixture model, LCTM
can identify latent classes of individuals exhibiting similar pro-
gressions of a determinant over time or as they age [20]. Our mod-
els, utilizing second-order polynomials, calculated the posterior

5272 participants were included in final analysis

probabilities for each trajectory, incorporating age-level consid-
erations. Each participant was assigned to the trajectory with
the highest probability. LCTM models with varying numbers of
latent classes, ranging from one to six, were examined. The op-
timal number of trajectories was determined based on the min-
imum Bayesian Information Criterion (BIC), ensuring posterior
probabilities by class exceeded 0.70 and class sizes comprised at
least 2% of the population [21]. Baseline characteristics of the
study participants were described using mean (standard devi-
ation) for continuous variables and frequency (percentage) for
categorical variables. The Kruskal-Wallis and chi-square tests
were utilized to compare variable differences across identified
trajectories.

To examine the associations between the burden of musculo-
skeletal diseases at baseline and seven dimensions of holistic
well-being, we utilized linear mixed models with years since
baseline as the timescale. These models featured a random in-
tercept and slope at the individual level, providing estimates
of beta coefficients and 95% confidence intervals (CIs). To as-
sess varying potential confounding effects on this association,
we sequentially integrated four groups of covariates into four
distinct models. Model 1 incorporated basic personal vari-
ables, including sex and age, while Model 2 further included
additional personal variables such as marital status, education
level, race/ethnicity, insurance status, and income. Model 3
additionally incorporated lifestyle characteristics, including
BMI, alcohol consumption status, smoking status, and ac-
tivity level. Finally, Model 4 further included chronic health
conditions, namely hypertension, diabetes, heart disease,
cancer, lung disease, and psychiatric problems. The associ-
ation between trajectory groups and holistic well-being was
assessed using the same covariate adjustment technique in
linear mixed models.

We conducted three sensitivity and exploratory analyses to as-
sess the robustness of our primary findings: (1) by repeating the
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TABLE 1 | Baseline characteristics of participants by trajectory groups of musculoskeletal disease burden among middle-aged and older

individuals.
Overall Trajectories of musculoskeletal multimorbidity
S Moderate-
Low-burden Emerging burden Persistent-
Overall, group, group, group, burden
N=5272 N=2550 N=778 N=1371 group, Statistic
Characteristic (100%)? (48%)* (15%)* (26%)* N=573 11%)* value pP°
Age (years) 71.9 (8.9) 70.1 (8.5) 71.9 (8.8) 74.0 (8.9) 74.3 (9.0) 231 <0.001
Gender 232 <0.001
Female 3018 (57.2%) 1211 (47.5%) 484 (62.2%) 877 (64.0%) 446 (77.8%)
Male 2254 (42.8%) 1339 (52.5%) 294 (37.8%) 494 (36.0%) 127 (22.2%)
Race 0.952 0.124
White 5109 (96.9%) 2481 (97.3%)  750(96.4%) 1329 (96.9%) 549 (95.8%)
Black 25(0.5%) 9 (0.4%) 7(0.9%) 5(0.4%) 4(0.7%)
Asian 42 (0.8%) 23 (0.9%) 4(0.5%) 6 (0.4%) 9 (1.6%)
Other 96 (1.8%) 37 (1.5%) 17 (2.2%) 31(2.3%) 11 (1.9%)
Marital State 116 <0.001
Never married 262 (5.0%) 132 (5.2%) 36 (4.6%) 62 (4.5%) 32 (5.6%)
Married 3408 (64.6%) 1800 (70.6%) 509 (65.4%) 799 (58.3%) 300 (52.4%)
Divorced or 1602 (30.4%) 618 (24.2%) 233 (29.9%) 510 (37.2%) 241 (42.1%)
widowed
Education level 147 <0.001
Lower 3074 (58.3%) 1290 (50.6%) 466 (59.9%) 899 (65.6%) 419 (73.1%)
GCE A Level 427 (8.1%) 239 (9.4%) 66 (8.5%) 86 (6.3%) 36 (6.3%)
equivalent
Higher 1771 (33.6%) 1021 (40.0%) 246 (31.6%) 386 (28.2%) 118 (20.6%)
Insurance 1772 (33.6%)  847(33.2%) 271 (34.8%) 456 (33.3%) 198 (34.6%) 0.709 0.813
Earning 94.8 <0.001
Low income 1740 (33.0%) 748 (29.3%)  254(32.6%) 509 (37.1%) 229 (40.0%)

Moderate income 1792 (34.0%)  816(32.0%)  272(35.0%) 486 (35.4%) 218 (38.0%)

High income 1740 (33.0%) 986 (38.7%)  252(32.4%) 376 (27.4%) 126 (22.0%)

BMI (kg/m?) 86.2 <0.001
<25 1341 (25%) 702 (28%) 214 (28%) 309 (23%) 116 (20%)
25-30 2297 (44%) 1194 (47%) 311 (40%) 583 (43%) 209 (36%)
>30 1634 (31%) 654 (26%) 253 (33%) 479 (35%) 248 (43%)

Smoking 21.8 0.001
Never 1920 (36.4%) 966 (37.9%)  305(39.2%) 470 (34.3%) 179 (31.2%)
Former smoker 2785 (52.8%) 1314 (51.5%) 407 (52.3%) 752 (54.9%) 312 (54.5%)
Current smoker 567 (10.8%) 270 (10.6%) 66 (8.5%) 149 (10.9%) 82 (14.3%)

Drinking 166 <0.001
Low frequency 1223 (23.2%) 436 (17.1%) 179 (23.0%) 387 (28.2%) 221 (38.6%)

(Continues)
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TABLE1 | (Continued)
Overall Trajectories of musculoskeletal multimorbidity
Moderate-
Low-burden Emerging burden Persistent-
Overall, group, group, group, burden
N=5272 N=2550 N=778 N=1371 group, Statistic
Characteristic (100%)? (48%)* (15%)* (26%)* N=573 (11%)* value p°
Moderate 2249 (42.7%)  1115(43.7%) 340 (43.7%) 558 (40.7%) 236 (41.2%)
frequency
High frequency 1800 (34.1%) 999 (39.2%) 259 (33.3%) 426 (31.1%) 116 (20.2%)
Activity level 388 <0.001
Sedentary 377 (7.2%) 116 (4.5%) 48 (6.2%) 113 (8.2%) 100 (17.5%)
Low 1378 (26.1%) 490 (19.2%) 185 (23.8%) 464 (33.8%) 239 (41.7%)
Moderate 2589 (49.1%) 1367 (53.6%)  398(51.2%) 624 (45.5%) 200 (34.9%)
High 928 (17.6%) 577(22.6%) 147 (18.9%) 170 (12.4%) 34.(5.9%)
Hypertension 2756 (52.3%) 1180 (46.3%)  400(51.4%) 800 (58.4%) 376 (65.6%) 98.2 <0.001
Diabetes 680 (12.9%) 277 (10.9%) 95 (12.2%) 218 (15.9%) 90 (15.7%) 24.8 <0.001
Heart disease 125 <0.001
(kinds)
0 4236 (80.3%) 2169 (85.1%) 643 (82.6%) 1042 (76.0%) 382 (66.7%)
1 776 (14.7%) 287 (11.3%) 104 (13.4%) 248 (18.1%) 137 (23.9%)
2 or more 260 (4.9%) 94 (3.7%) 31 (4.0%) 81 (5.9%) 54.(9.4%)
Cancer 629 (11.9%) 281 (11.0%) 118 (15.2%) 158 (11.5%) 72 (12.6%) 10.2 0.017
Lung disease 463 (8.8%) 159 (6.2%) 66 (8.5%) 142 (10.4%) 96 (16.8%) 70.4 <0.001
Psychiatric problems 678 (12.9%) 266 (10.4%) 111 (14.3%) 178 (13.0%) 123 (21.5%) 52.7 <0.001

Note: Bold indicates p < 0.05, signifying statistically significant results.
aMean (SD); n (%).
bKruskal-Wallis rank sum test; Pearson's Chi-squared test.

analyses after excluding individuals with missing values; (2) by
limiting our analyses to cognitively unimpaired participants and
those without psychiatric problems in wave 5; (3) by conducting
further subgroup analyses based on gender (male and female)
and age (middle-aged, 45-65, and older, > 65). Multiple imputa-
tion was performed using the “mice” package [19], LCTM were
applied with the “lcmm” package [21], and linear mixed models
were analyzed using the “Ime4” package [22] in R. In the data
analysis, a 2-tailed p value of <0.05 was considered statistically
significant.

3 | Results

The study included 5272 participants (Table 1), with a mean
baseline age of 71.9years (SD=8.9), of whom 57.2% were fe-
male and 96.9% were White. At wave 1, 3184 individuals had
no musculoskeletal chronic conditions, 1367 had one condition,
651 had two, and 71 had three coexisting musculoskeletal con-
ditions. With successive waves, the percentage of participants
without any musculoskeletal diseases decreased, whereas the
percentages of those with one, two, or three such conditions
demonstrated an increasing trend (Figure 2A). Owing to the

relatively small percentage of participants with three musculo-
skeletal diseases, individuals with two or three such conditions
were grouped into a category denoted as having two or more
conditions.

3.1 | Trajectory Group Identification

Upon comparison, it was determined that the LCTM model ex-
hibits the lowest BIC value with four latent categories, fulfilling
other established criteria (Table S1). Figure 2B illustrates four
distinct trajectories of musculoskeletal disease burden, char-
acterized by patterns of consistently low, moderate, high, and
initially low but increasing levels. To enhance interpretabil-
ity, labels were assigned to the trajectories: low-burden group
(48.37%), emerging group (14.76%), moderate-burden group
(26.00%), and persistent burden group (10.87%). Compared with
the low-burden group, participants in other trajectories were
more likely to be older, female, divorced or widowed, possess
lower educational levels, have lower incomes, be obese, have
histories of smoking, consume alcohol infrequently or not at all,
engage in less physical activity, and suffer from more chronic
conditions (p <0.001 for all) (Table 1).
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burden, and four distinct trajectories were identified: Low-burden group (class 2), emerging group (class 1), moderate-burden group (class 3), and

persistent-burden group (class 4).

3.2 | Musculoskeletal Burden, Multimorbidity,
and Holistic Well-Being

After fully adjusted, the findings demonstrate a significant in-
verse relationship between the burden of musculoskeletal dis-
orders and ADL capabilities (1: beta=—0.4, 95% CIs=[-0.59
to —0.22]; 2 or more: —1.1 [-1.4 to —0.91]); with an increase in
the number of disorders, the ADL score significantly decreases
(p for trend <0.001). For IADLs, a similar trend is observed,
albeit with smaller effects and inconsistent significance across
all models. Regarding depression, the data reveal a significant
direct association between the burden of musculoskeletal dis-
orders and the severity of depression (1: 0.39 [0.14-0.65]; 2 or
more: 0.64 [0.31-0.96]), with each additional disorder leading
to a notable increase in depression scores (p for trend <0.001).
Concerning memory, an inverse relationship is noted: as bur-
dens escalate, memory scores significantly decline (1: —0.97
[-1.6 to —0.37]; 2 or more: —1.8 [-2.5 to —1.0]) (p for trend
<0.001), although the magnitude of this effect varies across as-
sessments. Regarding loneliness, the burden of musculoskeletal
disorders does not significantly affect the risk of loneliness. In
terms of social interactions, within the fully adjusted model,
compared with individuals without musculoskeletal disor-
ders, those with one disorder exhibited a significant increase
in communication frequency with relatives and friends (0.95
[0.27-1.6]). However, those with two or more disorders dis-
played a similar trend without significant results (0.85 [-0.03 to
1.7]). Finally, regarding overall life satisfaction, the presence of
one or more musculoskeletal disorders significantly diminishes
life satisfaction, which deteriorates further with an increasing
burden (1: =1.0 [-1.7 to —0.34]; 2 or more: —1.8 [-2.7 to —0.85])
(Table 2).

3.3 | Trajectory of Musculoskeletal Burden
and Holistic Well-Being

The results of regression models, illustrating the association be-
tween distinct trajectories of musculoskeletal burden and pre-
defined dimensions of well-being, are detailed in Figure 3 and
Table S3. Compared with the low-burden group, the moderate
and persistent burden groups were significantly associated with
reduced ADL capabilities, impaired memory, more frequent
social interactions, and diminished life satisfaction, with the
persistent burden group experiencing the most pronounced ef-
fects. However, in the emerging group, despite a similar trend in
the impact on these well-being dimensions, the effects were not
statistically significant. Regarding depression, compared with
the low-burden group, all other trajectory groups experienced
more severe depression, though the increase was not statistically
significant in the moderate-burden group. For ADL capabilities
and loneliness, the impact across all other trajectory groups,
when compared with the low-burden group, was not statistically
significant.

3.4 | Sensitivity Analyses

After the exclusion of participants with missing values (n =4400)
or baseline cognitive impairments (n=5203), the analysis re-
sults remained essentially consistent with the initial findings
(Tables S4-S7; Figures S1 and S2). Subgroup analysis by gender
indicated that musculoskeletal disorder burden increases com-
munication frequency between women and their relatives and
friends, yet the impact is not significant among men (Tables S8-
S12). Furthermore, age-based subgroup analysis demonstrated
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0.006

0.058

0.004
<0.001

95% CI
0.27,1.6
0.012
<0.001

-0.03,1.7
-1.7, -0.34

Model 44
—-2.7,—0.85

0.95
0.85
0.00
-1.0
-1.8

Beta

p
0.007
0.068

<0.001
<0.001

Model 3¢
95% CI
0.25,1.6
—-0.06, 1.7
0.015
-1.9, —0.50
<0.001

-3.0,-1.2

Beta
0.93
0.82
0.00
-1.2
-2.1

p
0.012
0.2
<0.001
<0.001

Model 2b
95% CI
0.19,1.5
—-0.29,1.5
0.053
-2.1, -0.65
<0.001

-3.6, -1.8

Beta
0.87
0.59
0.00
-1.4
-2.7

p
0.037
0.4
<0.001
<0.001

Model 12
95% CI
0.05,1.4
—-0.47,1.3
0.14
-2.2,-0.74
-3.8,-2.0
<0.001

72
0.41
0.00
-1.5

2.9

Beta
0.

(Continued)

|
Burden
2 or more
p for trend
Life satisfaction
2 or more
p for trend

dModel 4 further included chronic health conditions, including hypertension, diabetes, heart disease, cancer, lung disease, and psychiatric problems.

Abbreviations: ADLs, activities of daily living; BMI, body mass index; CI, confidence interval; IADLs, instrumental activities of daily living.
bModel 2 further included additional personal variables such as marital status, education level, race/ethnicity, insurance status, and income.
“Model 3 additionally incorporated lifestyle characteristics, including BMI, alcohol consumption status, smoking status, and activity level.

Note: Bold indicates p < 0.05, signifying statistically significant results.
aModel 1 was adjusted for sex and age.

TABLE 2

that musculoskeletal disorders do not significantly influence
social interaction frequency among middle-aged individu-
als nor significantly affect memory decline among the older
(Tables S13-S16).

4 | Discussion

This 17-year longitudinal study, utilizing a large English cohort,
investigated the association between musculoskeletal disease
burden and four distinct trajectories in later life, along with seven
dimensions of holistic well-being: ADLs, IADLs, depression,
memory, loneliness, social interactions, and life satisfaction.
The results indicate that musculoskeletal disorders significantly
affect ADLs, depression, memory, social interactions, and life
satisfaction in middle-aged and older adults, though with lesser
effects on IADLs and loneliness. Moreover, as the burden in-
creases, its effects become more pronounced. Distinct trajectory
patterns of musculoskeletal multimorbidity emerged, revealing
that participants in the moderate and persistent burden groups
exhibited significantly lower ADL capabilities, poorer memory,
increased social interactions, and reduced life satisfaction, with
the persistent burden group experiencing more pronounced
effects.

4.1 | Musculoskeletal Burden, Multimorbidity,
and Holistic Well-Being

As musculoskeletal disorders directly affect joint and mus-
cle movements, impacting ADLs [23], numerous studies have
shown that individuals with these conditions experience ADL
difficulties more often than those without [24, 25], aligning
with our findings. The results suggest that musculoskeletal
disorders are not significantly associated with IADLs, likely be-
cause IADLs rely more on cognitive and decision-making skills,
whereas musculoskeletal disorders have a more direct impact on
ADLs [26]. Prior research suggests a bidirectional relationship
between musculoskeletal disorders like arthritis and back pain
and depression [27-30], mediated by factors such as pain [31], in-
flammation, [32] and restricted activity [33]. Conclusions about
the impact of musculoskeletal disorders on memory remain in-
consistent. A meta-analysis of 16 studies found only five signif-
icant associations between rheumatoid arthritis and cognitive
impairments [34]. Another study proposed that arthritis might
increase cognitive impairment risk in older Chinese adults, po-
tentially because of symptoms of depression and anxiety [35].
Our findings suggest that middle-aged and older individuals
with musculoskeletal disorders lean on friends and family for
support, easing loneliness because of restricted activity, thus
bolstering resilience and well-being in the older [36]. The effect
of musculoskeletal diseases on life satisfaction in middle-aged
and older adults may be intricate, potentially shaping their over-
all well-being [37].

4.2 | Trajectory of Musculoskeletal Burden
and Holistic Well-Being

Compared with the low-burden group, participants in other tra-
jectories were more likely to be older adults, female, divorced or
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FIGURE3 | The relationship between different musculoskeletal disease burden trajectory groups and the seven dimensions of holistic well-being
among middle-aged and older individuals. The results were adjusted for sex, age, marital status, education level, race/ethnicity, insurance status,
income, BMI, alcohol consumption status, smoking status, activity level, and chronic health conditions.

widowed, have a lower education level, have a low income, be
obese, be ever smokers, be never or low-frequency drinkers, en-
gage in less physical activity, and have more chronic conditions.
The observed demographic and lifestyle characteristics among
participants in the higher burden trajectories suggest that
these factors may interact to exacerbate the impacts of muscu-
loskeletal disorders [38-40]. This interaction could stem from
a combination of reduced social support, lifestyle factors, and
limited access to healthcare resources, which tend to be more
pronounced in older, economically disadvantaged populations
[41, 42]. Furthermore, the association between lower physical
activity and the prevalence of other chronic conditions indi-
cates a complex interplay between musculoskeletal disorders
and overall health status [43-46]. These findings underscore
the importance of a comprehensive approach to managing
musculoskeletal disorders, which should encompass address-
ing social, economic, and lifestyle factors, as well as medical
treatment.

Our findings indicate that the trajectory patterns of burden are di-
rectly correlated with the severity of impact on several aspects of
life. Interestingly, the emerging group, although it demonstrated
a trend akin to the moderate and persistent groups regarding the
impact on ADLs, memory, social interactions, and life satisfac-
tion, did not exhibit significant changes. This may imply that the
duration or consistency of the burden plays a crucial role in the
significance of its effects on these areas [47, 48]. For depression,
all groups experienced a higher burden of musculoskeletal disor-
ders and demonstrated increased severity compared with the low-
burden group, yet this increase was not deemed significant in the
moderate-burden group. This finding highlights a general trend
toward worsening mental health with increased burden, under-
scoring the need for mental health support in managing muscu-
loskeletal disorders [49, 50]. These findings reveal the importance
of a holistic approach to treatment and support, one that addresses

not only the physical aspects of these conditions but also their psy-
chological and social implications [51, 52].

4.3 | Sensitivity Analyses

Our subgroup analysis emphasized the differential impact of mus-
culoskeletal disorders based on gender and age. Notably, the burden
of these disorders was observed to increase the frequency of com-
munication with relatives and friends among women, whereas no
such trend was observed in men. This implies that women might
seek more social support or engagement as a coping mechanism
for their condition, whereas men may not exhibit or pursue sim-
ilar behaviors [53, 54]. Conversely, when analyzing effects based
on age, musculoskeletal disorders were not found to significantly
affect the social interaction frequency among middle-aged individ-
uals nor contribute to memory decline in the older. This demon-
strates that the impact of these disorders varies not only by gender
but also across different age groups [55, 56]. It highlights the need
for targeted strategies in managing musculoskeletal disorders, tak-
ing into account the unique ways in which different demographics
experience and respond to these conditions.

4.4 | Clinical Application Prospect

Clinicians should prioritize not only the management of the
physical symptoms of musculoskeletal disorders but also the
mental health and social well-being challenges that often ac-
company these conditions. Particular attention should be di-
rected toward vulnerable populations, such as older adults,
women, and individuals from socioeconomically disadvantaged
backgrounds, who are at higher risk of more severe outcomes.
Implementing early interventions, multidisciplinary care, and
integrating mental health support with physical therapy could
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significantly improve long-term quality of life and alleviate the
overall burden of these chronic conditions.

4.5 | Strengths and Limitations

This study emphasizes its significant sample size and advanced
statistical analysis as primary strengths, complemented by an
extensive follow-up period and meticulous outcome documenta-
tion, with a focus on the broad impacts of musculoskeletal disor-
ders on older well-being. However, the study encounters several
limitations: First, the study's dependence on self-reported data
could potentially introduce recall bias, which may affect accu-
racy. Future research should explore the incorporation of objec-
tive measures. Second, it assesses covariates such as physical
activity at a single time point, without considering their poten-
tial variation over time. Third, the study does not include mea-
surements of significant social factors, suggesting directions for
future research. Fourth, although the study centers on three
principal musculoskeletal diseases, it overlooks other conditions
that impact the health of middle-aged and older individuals.
Fifth, the predominately White cohort implies that the findings
might not be entirely generalizable across racial groups. Sixth,
this study treats arthritis as a broad category of disease, encom-
passing osteoarthritis and rheumatoid arthritis, among others.
The incidence, sites of prevalence, and populations affected
differ among these types, potentially introducing bias into our
results. Future research should undertake more comprehen-
sive analyses to validate our findings. Seventh, this study did
not investigate the potential mechanisms between musculo-
skeletal disorders and holistic well-being, necessitating further
research. Finally, although the study addresses crucial aspects
of well-being, it potentially overlooks other dimensions of ho-
listic well-being, underscoring the necessity for comprehensive,
demographic-specific management approaches.

5 | Conclusion

In summary, our 17-year study demonstrates that musculo-
skeletal disease burden significantly impacts the holistic well-
being of middle-aged and older adults, notably affecting ADLs,
depression, memory, social interactions, and life satisfaction.
Moreover, with increasing burden, the severity of its impact
correspondingly intensifies. The study underscores gender and
age differences in response to this burden and advocates for a
comprehensive, personalized approach in managing these dis-
orders. Furthermore, the duration and consistency of the burden
are posited to play a crucial role in the extent of its effects on
these areas.
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