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Dietary inflammatory index (DII) was demonstrated to be correlated to quality of life (QoL) in people 
with osteoarthritis (OA), but there is lack of an exploration of the relationship between the longitudinal 
trajectories of QoL and DII in OA people. This study aims to investigate the relationship between DII 
and longitudinal trajectories of QoL, and the moderating effect of physical activity on this relationship 
in OA people. Data from the Osteoarthritis Initiative database includes baseline measurements and 
follow-up data at 1, 2, 3, 4, 5, 6, and 8-year intervals for the 12-item Short-Form Health Outcome 
Survey questionnaire (physical and mental dimensions) and baseline sociodemographic characteristics 
utilized in this study. Dual Group-Based Trajectory Modeling analysis was employed to identify the 
profiles of physical and mental QoL trajectories. Multiple logistic regression analysis was used to 
determine the relationship between DII and QoL profiles. A structural equation model was conducted 
to assess the moderating effect of physical activity on the relationship between DII and QoL in OA 
people. A total of 1127 OA people were categorized into three profiles based on their physical and 
mental QoL: low physical-low mental QoL (14.5%), low physical-high mental QoL (27.1%), and high 
physical-high mental QoL (58.4%). People with higher DII were more likely to be in the low physical-
low mental QoL profile (OR = 1.163, P = 0.014) and low physical-high mental QoL (OR = 1.131, P = 0.013) 
compared to the high physical-high mental QoL profile. Additionally, a higher level of physical activity 
could mitigate the relationship between a higher DII and lower QoL (β = 0.064, P = 0.029). A higher DII 
was associated with a greater likelihood of impaired QoL. Increasing physical activity levels can help 
mitigate the negative impact.
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BMI	� Body Mass Index
AIC	� Akaike Information Criterion
BIC	� Bayesian Information Criterion
LMR	� Lo-Mendell-Rubin
BLRT	� Bootstrap Likelihood-Ratio Test
SD	� Standard Deviation
IQR	� Interquartile Range
KOOS QoL	� The Quality of Life Subscale of the Knee Injury and Osteoarthritis Outcome Score

Osteoarthritis (OA) is a highly prevalent and disabling condition that affects over 7% of the global population, 
ranking as the 15th highest cause of years lived with disability worldwide1. The financial burden of OA on people 
and society is significant1, with main symptoms including joint pain, stiffness, activity limitations, and negative 
psychological effects such as depression and psychological distress, ultimately impacting people’ quality of life 
(QoL)1,2.

Low-grade inflammation, characterized by an increase in pro-inflammatory cytokines, can significantly 
impact people’ QoL3,4. Previous studies have suggested that adopting a healthy diet can lead to reduced 
inflammatory responses and serve as a cost-effective strategy to improve QoL5. To assess the inflammatory 
impact of diet, Shivappa et al. introduced the Dietary Inflammatory Index (DII)6. Higher DII scores have been 
associated with elevated levels of inflammatory cytokines such as interleukin-6, tumor necrosis factor, and 
high-sensitivity C-reactive protein7,8. A cross-sectional study by Toopchizadeh et al. involving 220 OA people 
revealed that higher DII scores were associated with poorer QoL9. While several studies10–12 have explored QoL 
trajectories in OA people, there is a research gap concerning the relationship between DII and the longitudinal 
trajectories of QoL. Furthermore, previous studies on QoL trajectories in OA people have predominantly 
focused on overall QoL without distinguishing between physical and mental QoL dimensions. Given that 
physical and mental QoL are distinct dimensions that may not exhibit consistent levels and trends, it is essential 
to delineate developmental pathways that capture the evolving tendencies of these two variables concurrently. 
By differentiating between physical and mental QoL, our understanding of the relationship between these 
dimensions can be enriched. Improving levels of physical activity is a recommended treatment for OA, as it 
has been proven to reduce pain, anxiety, and depression symptoms, and improve overall QoL13. One potential 
mechanism of action is the exercise-induced anti-inflammatory effects14.

Utilizing data from the Osteoarthritis Initiative (OAI) database, a prospective longitudinal cohort study, 
we conduct a Dual Group-Based Trajectory Modeling (DGBTM) analysis on the physical and mental QoL of 
OA people. This study aims to describe the characteristics of each physical and mental QoL profile, investigate 
the causal relationship between DII and QoL, and explore the moderating effect of physical activity on this 
relationship in OA people.

Methods
Study design
OAI15 is a multi-center, longitudinal, observational study sponsored by the National Institutes of Health. The 
data used in this study were obtained from the OAI database, including baseline measurements and follow-up 
data at 1-year, 2-year, 3-year, 4-year, 5-year, 6-year, and 8-year intervals for the 12-Item Short-Form Health 
Outcome Survey (SF-12) questionnaire. The analysis also included baseline data for the Physical Activity in 
the Elderly Scale (PASE) activity, the Block Brief 2000 Food Frequency Questionnaire (FFQ), the Western 
Ontario and McMaster Universities Arthritis Index (WOMAC) scores, Kellgren and Lawrence (KL) grade, and 
sociodemographic characteristics. All publicly available data can be accessed through the OAI website ​(​​​h​t​t​p​s​:​/​/​
n​d​a​.​n​i​h​.​g​o​v​/​o​a​i​/​​​​​)​. The study was reported according to the STROBE guidelines.

Setting
Data were collected from four clinical centers, including Baltimore, Maryland; Columbus, Ohio; Pittsburgh, 
Pennsylvania; and Pawtucket, Rhode Island.

Participants
OAI enrolled 4796 participants with or at risk of knee OA to investigate the impact of knee OA over time to 
understand the prevention and treatment strategies better. This study focuses on people with radiographic OA 
(Kellgren and Lawrence grade ≥ 2)16 and symptomatic OA (The Western Ontario and McMaster Universities 
Arthritis Index pain score > 0)17. The cohort study initially enrolled 4796 participants and followed them for 
10 years. To ensure complete data on the variables of interest, we ultimately included 1127 people with 8 years 
of follow-up data. Please refer to Fig.  1 for the selection process. Informed consent was obtained from all 
participants included in the study.

Variables and measurements
Outcome variable
SF-1218 was utilized to evaluate QoL as the primary outcome. This survey comprises 12 questions that are 
summarized into a physical composite scale and a mental composite scale. The final SF-12 scores range from 0 
to 100, with higher scores indicating better health-related QoL.
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Dependent variables
PASE19 was utilized to assess physical activity. It measures household, occupational, and leisure physical activities 
over a 7-day period and generates a single composite score ranging from 0 to 400. Higher scores indicate higher 
levels of physical activity.

FFQ20 was used to evaluate dietary intake. It assessed people’ typical food and beverage consumption over 
the past year, covering a total of seventy items. Consumption frequency was reported on a scale of nine levels, 
ranging from “never” to “every day”. Additionally, participants were queried about their dietary behaviors, 
including food preparation methods, fat intake, fiber intake, as well as about vitamin and mineral intakes.

DII6 is a tool designed to gauge the inflammatory potential of an individual’s overall diet and can be applied 
to various populations6,21. A higher DII score signifies a more pro-inflammatory diet characterized by increased 
consumption of saturated fats and refined carbohydrates, whereas a low score indicates an anti-inflammatory 
diet rich in antioxidants and fibers. In this study, the DII was calculated using the energy density approach, 
based on the energy-adjusted intake of 24 single food parameters out of the 45 possible parameters available 
from the FFQ. The DII was calculated per 4184 kJ (1000 kcal) of energy22. The 24 food parameters used for DII 

Fig. 1.  Flow diagram reflecting how 1127 participants were selected from the original participants. BMI, body 
mass index; OAI, Osteoarthritis Initiative; PASE, the Physical Activity in the Elderly Scale; ROA, radiographic 
osteoarthritis; SF-12, The 12-Item Short-Form Health Outcome Survey; SOA, symptomatic osteoarthritis; 
WOMAC, the Western Ontario and McMaster Universities Arthritis Index.
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calculation in this study included vitamin B12, vitamin B6, β-carotene, carbohydrate, cholesterol, fat, fiber, folic 
acid, iron, magnesium, monounsaturated fat acids (MUFA), niacin, protein, polyunsaturated fatty acids (PUFA), 
riboflavin, saturated fat acids(SFA), selenium, thiamin, vitamin A, vitamin C, vitamin E, vitamin D, zinc, niacin, 
and caffeine. Higher DII indicates a higher intake of pro-inflammatory foods.

WOMAC23 was used to assess pain, stiffness, and physical functioning due to osteoarthritis. Responses for 
each subscale (pain, stiffness, and physical functioning) were rated on a 5-point Likert scale ranging from none 
(0 points) to extreme (4 points). The maximum possible score was 68, which was then normalized to 100 (range: 
0-100). Higher scores reflect greater pain, stiffness, and physical functioning disability.

Charlson modified comorbidity score24 was used to assess validated general health measures of self-reported 
comorbidities. Medical conditions included in the Charlson comorbidity index were cerebrovascular disease, 
chronic obstructive pulmonary disease, gastro-intestinal ulcers, diabetes mellitus, asthma, heart failure, 
heart attack, percutaneous transluminal coronary angioplasty, coronary artery bypass, bone fractures, knee 
osteoarthritis, and cancer. Higher scores indicate increased severity of conditions.

KL16 grade was assessed through auxiliary radiography studies. The images were centrally graded by two 
expert readers who were blinded to each other’s readings and to clinical data from the individuals.

Sociodemographic characteristics included age, gender, employment status, frequency of knee bending 
activities, family income, level of education, race, body mass index (BMI), varus or valgus alignment, smoking 
and drinking habits, and history of surgery or arthroscopy.

Statistical methods
Group-Based Trajectory Modeling (GBTM) utilizes multivariate longitudinal data to track outcomes and assess 
population heterogeneity, allowing for precise individual classifications into various groups using finite mixture 
modeling25,26. DGBTM is an extension of GBTM that determines the co-occurring trajectories of two variables26. 
DGBTM will be used to examine how physical and mental QoL trajectories evolve simultaneously over time, 
providing insights into the QoL of OA people.

SAS 9.4 and STATA 17 were used for conducting DGBTM analysis, which aimed to identify developmental 
trajectories for physical and mental QoL in OA people. The optimal number of trajectories was determined 
based on the fit indices, including Akaike information criterion (AIC), Bayesian information criterion (BIC), 
entropy, Lo-Mendell-Rubin (LMR) test, and the parametric bootstrap likelihood-ratio test (BLRT), as well as 
the interpretability of the model. The selected number of classes/trajectories was determined by considering the 
rate of decrease in the information criterion, higher entropy indicating better classification, and significant LMR 
test or BLRT likelihood-ratio test indicating a better fit compared to the previous number of classes, along with 
interpretability of the trajectories.

Statistical analysis was conducted using SPSS 25.0. The Kolmogorov-Smirnov test was employed to assess the 
normality of continuous variables. Variables that conformed to a normal distribution were described using the 
mean (standard deviation, SD), while non-normally distributed variables were described using the [interquartile 
range (IQR)]. Categorical data were presented as numbers and percentages. The Mann-Whitney test was used 
for comparing two independent non-normally distributed continuous variables, while the Kruskal-Wallis test 
was used for multiple independent non-normally distributed continuous variables. Chi-square test was used for 
analyzing categorical data. Spearman analysis was used to examine the correlation between continuous variables. 
Multiple logistic regression analysis was performed to identify independent factors influencing QoL profiles. A 
two-tailed P-value < 0.05 was considered statistically significant.

AMOS 26.0.0 was utilized to examine the moderating effect of physical activity on the relationship between 
DII and QoL score. Bootstrapping was used to evaluate the significance of the moderating effect. A total of 2000 
bootstrap resamples were conducted with 95% confidence intervals (CIs) to analyze both direct and indirect 
effects. The fit of the hypothesized model to the data was assessed by calculating absolute and incremental fit 
indices.

Ethical approval
All procedures performed in studies involving human participants were in accordance with the ethical standards 
of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards. This study was approved by Institutional Review Board (IRB) 
for the University of California, San Francisco (UCSF) and its affiliates (approval number: FWA00000068). The 
IRB approval was also obtained from all the four clinical sites located at Brown University in Rhode Island, Ohio 
State University in Columbus, Ohio, University of Maryland/Johns Hopkins University joint center in Baltimore, 
Maryland, and at the University of Pittsburgh in Pennsylvania.

Results
Sociodemographic characteristics of people with osteoarthritis
A total of 1127 OA people aged from 45 to 79 years were included in this study, with 57.2% (645/1127) of the 
people being female. The DII of the people varied from − 4.58 to 3.44. Please refer to Table 1 for more details.

Profiles of quality of life in people with osteoarthritis
Based on the results of analyzing the physical and mental QoL of OA people using DGBTM (refer to 
Supplementary Tables 1–3), it was determined that the optimal number of individual profiles was considered 
three. Subsequently, the people were categorized into three distinct groups: G1 (low physical-low mental QoL), 
comprising 14.5% (164/1127) of the total people, G2 (low physical-high mental QoL), encompassing 27.1% 
(304/1127) of the people, and G3 (high physical-high mental QoL), representing 58.4% (659/1127) of the people 
cohort (refer to Fig. 2).
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Univariate factors influencing quality of life profiles in people with osteoarthritis
The analysis of the relationship between sociodemographic characteristics and QoL profiles in OA people 
indicated significant associations with various factors. These included age (p < 0.001), gender (X2 = 20.842, 
p < 0.001), employment (X2 = 22.838, p < 0.001), family income (X2 = 81.344, p < 0.001), Charlson modified 
comorbidity score (p < 0.001), education degree (X2 = 47.671, p < 0.001), BMI (X2 = 42.063, p < 0.001), PASE 
activity (p < 0.001), KL grade (p < 0.001), WOMAC physical functioning (p < 0.001), WOMAC pain (p < 0.001), 
WOMAC stiffness (p < 0.001), smoking habit (X2 = 17.765, p = 0.007), drinking habit (X2 = 18.866, p = 0.016), and 
DII score (p = 0.020). These factors exhibited statistically significant differences across the various QoL profiles 
in people with OA.

Older individuals were more likely to be in the low physical-high mental QoL profile. Males were more likely 
to be in the high physical-high mental QoL profile. Those who worked for pay were more likely to be in the high 
physical-high mental QoL profile. Individuals with a family income greater than $50k were more likely to be in 
the high physical-high mental QoL profile. Additionally, people with a lower Charlson modified comorbidity 
score were more likely to be in the high physical-high mental QoL profile. Obese individuals were more likely to 
be in the low physical-low mental or low physical-high mental QoL profiles. Higher levels of physical activity, as 
measured by the PASE, were associated with a greater likelihood of being in the high physical-high mental QoL 
profile. Conversely, individuals with a higher KL grade were more likely to be in the low physical-high mental 
QoL profile. Those with lower WOMAC scores for physical functioning, pain, or stiffness were more likely to be 
in the high physical-high mental QoL profile. Current smokers were more likely to be in the low physical-low 
mental QoL profile, while individuals consuming eight or more alcoholic drinks per week were more likely to be 
in the low physical-low mental or low physical-high mental QoL profiles. Finally, individuals with a lower DII 
score were more likely to be in the high physical-high mental QoL profile, and those with an educational degree 
of less than college were more likely to be in the low physical-low mental QoL profile. Please refer to Table 2 for 
more detailed information.

Independent factors influencing quality of life profiles in people with osteoarthritis
Age, WOMAC pain, Charlson modified comorbidity score, WOMAC physical functioning, WOMAC stiffness, 
DII, PASE activity, and KL grade were continuous variables, while other variables were assigned as shown in 
Supplementary Table 4.

The multiple logistic regression analysis indicated an excellent model fit (refer to Table 3). In comparison to 
the high physical-high mental QoL profile, people with higher Charlson modified comorbidity score (OR = 1.375, 
p = 0.004), elevated WOMAC physical functioning score (OR = 1.090, p < 0.001), increased DII score (OR = 1.163, 

Item n (%) / Median [Q1, Q3] Item n (%) / Median [Q1, Q3]

Age 62 [55, 69] KL grade 2.0 [2.0, 3.0]

Gender DII -1.30 [-2.29, 0.45]

Male 482 (42.8%) WOMAC physical functioning 12.0 [5.0, 22.0]

Female 645 (57.2%) WOMAC pain 4.0 [2.0, 7.0]

Employment WOMAC stiffness 2.0 [1.0, 4.0]

Works for pay 693 (61.5%) Smoking habit

Unpaid work for family business or no work 434 (38.5%) Never smoked 607 (53.9%)

Family income Current smoker 64 (5.6%)

< $25k 149 (13.2%) Former smoker 456 (40.5%)

$25k~$50k 286 (25.4%) Drinking habit

$50k~$100k 431 (38.2%) None 193 (17.1%)

> $100k 261 (23.2%) < 1/week 438 (38.9%)

Charlson modified comorbidity score 0.0 [0.0, 0.0] 1–3 drinks/week 154 (13.7%)

Education degree 4–7 drinks/week 177 (15.7%)

Less than some college 163 (14.4%) 8 + drinks/week 165 (14.6%)

Some college 265 (23.5%) PASE activity 152.0 [100.0, 220.0]

College 257 (22.8%) BMI a

Some graduate school and above 442 (39.3%) Normal weight 172 (15.3%)

Race Overweight 434 (38.5%)

White 901 (79.9%) Obesity 521 (46.2%)

African American 202 (17.9%) Physical QoL 49.27 [42.1, 54.26]

Asian 24 (2.1%) Mental QoL 56.08 [51.09, 59.29]

Table 1.  The sociodemographic characteristics of OA patients. Depiction: a Normal weight = 18.5Kg/
m2 ≤ BMI < 24.9Kg/m2, Overweight = 25.0Kg/m2 ≤ BMI < 29.9Kg/m2, Obesity = BMI ≥ 30Kg/m2. OA, 
osteoarthritis; WOMAC, the Western Ontario and McMaster Universities Arthritis Index; DII, dietary 
inflammatory index; PASE, the Physical Activity in the Elderly Scale; KL, Kellgren and Lawrence; BMI: body 
mass index; QoL, quality of life.
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p = 0.014), family income < $25k (OR = 2.956, p = 0.005) or between $25k ~ $50k (OR = 2.134, p = 0.023), and 
current smoking habit (OR = 2.215, p = 0.039) were more likely to be in the low physical-low mental QoL profile. 
Conversely, people of male gender (OR = 0.556, p = 0.011) were less likely to be in the low physical-low mental 
QoL profile.

People with older age (OR = 1.032, p = 0.005), higher Charlson modified comorbidity score (OR = 1.216, 
p = 0.043), higher WOMAC physical functioning score (OR = 1.080, p < 0.001), elevated DII (OR = 1.131, 
p = 0.013), higher KL grade (OR = 1.360, p = 0.006), drinking habit of 8 + drinks per week (OR = 1.803, p = 0.005) 
or 4–7 drinks per week (OR = 1.829, p = 0.028), and obesity in terms of BMI (OR = 1.939, p = 0.009) were more 
likely to be in the low physical-high mental QoL profile. For a comprehensive overview, please refer to Table 3.

Structural equation model of dietary inflammatory index, physical activity, and quality of life 
in people with osteoarthritis
In developing a structural equation model (R2 = 0.28, F = 10.74, p < 0.001), DII was utilized as the independent 
variable, the total QoL score as the dependent variable, and the PASE activity score as the moderating variable. 
The model, shown in Supplementary Fig. 1, demonstrated that DII had a negative impact on the QoL score (β = 
-0.117, p < 0.001). Furthermore, physical activity played a significant moderating role in the relationship between 
DII and QoL (β = 0.064, p = 0.029).

Through simple slope analysis, it was observed that for people with lower PASE activity levels (Mean − 1 SD), 
DII had a significant negative impact on QoL (β = -1.210, p < 0.001). Similarly, for people with median PASE 
activity levels (M), DII also had a significant impact on QoL (β = -0.775, P < 0.001). However, for people with 
higher PASE activity levels (Mean + 1 SD), DII did not exhibit a significant impact on QoL (β = -0.340, p = 0.219), 
as illustrated in Fig. 3. Further a more comprehensive understanding of the structural equation model, additional 
information can be found in Supplementary Tables 5 and 6.

Fig. 2.  Longitudinal trajectories of physical and mental QoL in people with OA. Abbreviations: OA, 
osteoarthritis; QoL, quality of life. Depictions – G1 refers to low physical-low mental QoL profile; G2 refers to 
low physical-high mental QoL profile; G3 refers to high physical-high mental QoL; the horizontal coordinate 
indicates the number of years of follow-up from the baseline; the vertical coordinate indicates physical or 
mental QoL scores.
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Discussion
This study identified three profiles representing the longitudinal trajectories of physical and mental QoL in 
OA people: low physical-low mental QoL, low physical-high mental QoL, and high physical-high mental QoL, 
accounting for 14.5%, 27.1%, and 58.4% of the people, respectively. People with higher DII were more likely to 
be in the low physical-low mental QoL profile and low physical-high mental QoL compared to the high physical-
high mental QoL profile. Furthermore, the DII exhibited a negative correlation with overall QoL (both physical 
and mental). Moreover, an increase in physical activity was found to potentially mitigate the adverse effects of 
high DII on overall QoL (both physical and mental).

This study found that DII was an independent factor affecting QoL profiles and directly negatively impacting 
QoL scores in OA people. Previous studies also found that various individual groups such as hemodialysis people, 
women with obesity or overweight, and healthy people etc. with a higher DII were more likely to experience 
poorer physical and mental QoL4. A higher DII score indicates a higher consumption of pro-inflammatory 
foods, leading to increased production of inflammatory substances7,8. Additionally, higher DII scores have 
been associated with a higher incidence of frailty27, depressive symptoms27, and greater pain28 in OA people. 

Low physical-low mental QoL 
[Mean (SD) / n (%)]

Low physical-high mental 
QoL [Mean (SD) / n (%)]

High physical-high mental 
QoL [Mean (SD) / n (%)] X2 p

Age 60.38 ± 9.25 63.72 ± 8.32 60.87 ± 8.56 < 0.001a

Gender 20.842 < 0.001

Male 47 (28.7%) 121 (39.8%) 314 (47.6%)

Female 117 (71.3%) 183 (60.2%) 345 (52.4%)

Employment 22.838 < 0.001

Works for pay 95 (57.9%) 156 (51.3%) 442 (67.1%)

Unpaid work for family business or no work 69 (42.1%) 148 (48.7%) 217 (32.9%)

Family income < 0.001b

<$25k 47 (28.7%) 49 (16.1%) 53 (8.0%)

$25k~$50k 51 (31.1%) 92 (30.3%) 143 (21.7%)

$50k~$100k 47 (28.7%) 109 (35.9%) 275 (41.7%)

>$100k 19 (11.6%) 54 (17.8%) 188 (28.5%)

Charlson modified comorbidity score 0.62 ± 1.14 0.51 ± 0.87 0.27 ± 0.70 < 0.001a

BMI < 0.001b

Normal weight 17 (10.4%) 30 (9.9%) 125 (19.0%)

Overweight 47 (28.7%) 108 (35.5%) 279 (42.3%)

Obesity 100 (61.0%) 166 (54.6%) 255 (38.7%)

PASE activity 159.95 ± 89.48 144.95 ± 73.14 162.81 ± 82.16 < 0.001a

KL grade 2.52 ± 0.65 2.80 ± 0.73 2.56 ± 0.70 < 0.001a

WOMAC physical functioning 22.29 ± 13.60 19.72 ± 12.04 10.56 ± 9.46 < 0.001a

WOMAC pain 6.62 ± 4.03 5.92 ± 3.85 3.70 ± 2.96 < 0.001a

WOMAC stiffness 3.27 ± 1.66 3.10 ± 1.61 2.19 ± 1.56 < 0.001a

Smoking habit 17.765 0.007

Never smoked 81 (49.4%) 162 (53.3%) 364 (55.2%)

Current smoker 20 (12.2%) 17 (5.6%) 26 (3.9%)

Former smoker 63 (38.4%) 125 (41.1%) 268 (40.7%)

Drinking habit 18.866 0.016

None 70 (42.7%) 109 (35.9%) 259 (39.3%)

< 1/week 20 (12.2%) 35 (11.5%) 99 (15.0%)

1–3 drinks/week 20 (12.2%) 43 (14.1%) 114 (17.3%)

4–7 drinks/week 11 (6.7%) 33 (10.9%) 68 (10.3%)

8 + drinks/week 43 (26.2%) 84 (27.6%) 119 (18.1%)

DII -0.70 ± 1.70 -0.88 ± 1.70 -1.07 ± 1.69 0.020a

Education degree 47.671 < 0.001

Less than some college 41 (25.0%) 54 (17.8%) 68 (10.3%)

Some college 46 (28.0%) 87 (28.6%) 132 (20.0%)

College 29 (17.7%) 54 (17.8%) 174 (26.4%)

Some graduate school and above 48 (29.3%) 109 (35.9%) 285 (43.2%)

Table 2.  Univariate factors influencing QoL profiles in OA patients. Depiction: a Kruskal-Wallis test; b Fisher’s 
exact test. SD, standard deviation; QoL, quality of life; OA, osteoarthritis; WOMAC, the Western Ontario and 
McMaster Universities Arthritis Index; DII, dietary inflammatory index; PASE, the Physical Activity in the 
Elderly Scale; KL, Kellgren and Lawrence; BMI: body mass index.
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Furthermore, higher DII values have been linked to a higher prevalence of knee osteoarthritis29,30. These may 
ultimately reduce the QoL of OA people. A previous cross-sectional survey9 found that a higher DII in the diets 
was associated with higher odds of severe pain and lower QoL in people with knee OA. Our longitudinal study 
further confirms the relationship between DII and QoL, providing new insights in this research field.

Numerous studies have emphasized the intricate relationship between diet and physical activity and their 
impact on human health31. This study further supports this conclusion by suggesting that increased physical 
activity can counteract the negative effects of pro-inflammatory diets on QoL. Physical activity is related to 
the regulation of the innate immune system and the treatment of OA32. Regular physical activity may increase 
serotonin synthesis, improve noradrenergic neurotransmission, trigger the release of endorphins, and reduce 
long-term sympathetic nervous system activity, thereby reducing systemic inflammation in the people33. 
Additionally, physical activity can prevent inflammation of chondrocytes and cartilage matrix by reducing IL-6 
and TNF-α, as well as other inflammatory markers related to OA, thereby delaying the degeneration of articular 
cartilage and improving joint function34. It may also increase the level of protective inflammation markers in the 
body to inhibit the progression of OA35,36. Therefore, it is recommended to promote anti-inflammatory diets and 
encourage appropriate levels of physical activity for OA people. Further research should be conducted to explore 
the mechanism of the interaction between physical activity and DII in OA people.

This study identified a discrepancy between physical QoL and mental QoL in certain people, where some 
exhibited poor physical QoL alongside good mental QoL. Interestingly, no profile was observed with good 
physical QoL and poor mental QoL, suggesting that mental well-being may be more easily influenced by various 
factors compared to physical well-being. A positive mental state can benefit disease progression and overall health 
status in people. Therefore, distinguishing the characteristics of people in the group with both poor physical 
and mental QoL form those with poor physical QoL and good mental QoL is crucial. This differentiation can 
offer valuable insights for healthcare providers to enhance the mental well-being of OA people and serve as a 
foundation for future research on mental interventions for this population.

The study findings indicated that older age, higher KL grade, increased alcohol consumption, and obesity were 
associated with the low physical-high mental QoL profile, rather than the low physical-low mental QoL profile. 
Solmi et al.37 also found that mental health-related QoL was higher in older people, consistent with previous 
findings in the general population38. This may be because elderly people possess better mental toughness, ability 
to handle pressure, and tolerance due to their rich life experience. Furthermore, while alcohol consumption can 

β p OR 95% CI

Ref: High physical - high mental QoL

Low physical- low mental QoL

Intercept -2.059 0.048

Comorbidity score 0.318 0.004 1.375 1.108, 1.705

WOMAC physical functioning 0.087 < 0.001 1.090 1.057, 1.125

DII 0.151 0.014 1.163 1.031, 1.312

Family income (Ref: > $100k)

< $25k 1.084 0.005 2.956 1.384, 6.312

$25k~$50k 0.758 0.023 2.134 1.111, 4.100

Smoking habit (Ref: Never smoker)

Current smoker 0.795 0.039 2.215 1.041, 4.714

Gender (Ref: Female)

Male -0.588 0.011 0.556 0.353, 0.874

Low physical- high mental QoL

Intercept -4.615 < 0.001

Age 0.032 0.005 1.032 1.010, 1.055

Comorbidity score 0.195 0.043 1.216 1.007, 1.468

WOMAC physical functioning 0.077 < 0.001 1.080 1.053, 1.107

DII 0.123 0.013 1.131 1.027, 1.245

KL grade 0.308 0.006 1.360 1.091, 1.696

Drinking habit (Ref: None)

8 + drinks/week 0.590 0.005 1.803 1.200, 2.710

4–7 drinks/week 0.604 0.028 1.829 1.069, 3.129

BMI (Ref: Normal weight)

Obesity 0.662 0.009 1.939 1.180, 3.185

Omnibus tests of model coefficients p < 0.001

Goodness of fit p = 0.131

Cox & Snell R2 0.270

Table 3.  The independent factors influencing QoL profiles in OA patients. QoL, quality of life; SE, standard 
error; OA, osteoarthritis; WOMAC, the Western Ontario and McMaster Universities Arthritis Index; DII, 
dietary inflammatory index; PASE, the Physical Activity in the Elderly Scale; KL, Kellgren and Lawrence; BMI: 
body mass index; Ref, reference.
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adversely affect physical health, such as harming the liver, kidneys, and causing serious coronary effects, etc39, it 
can also provide a sense of pleasure40, thereby impacting physical QoL more. Additionally, it is important to note 
that many studies have highlighted the dependency effects of alcohol and the depressive psychological effects 
of drinking39. Therefore, healthcare providers should recommend that people with OA decrease their alcohol 
consumption. Obesity has been shown to be associated with reduced health-related QoL, with a stronger impact 
on physical QoL than mental QoL41, similar to the findings of this study. The KL grade, reflecting worse physical 
condition, may not directly impact the mental QoL of OA people. The relationship and mechanism between 
these characteristics and the mental health of OA people can be further explored.

Limitations and implications of the study
The limitations of this study include that the data were generated from the OAI database, some people with 
missing data were excluded from the analysis, which may introduce potential bias to the results. Additionally, 
the number of individuals from the Asian race was significantly smaller compared to those from the White 
and African American races, which may introduce bias in the statistical analysis results. Therefore, we did not 
compare the differences in DII scores between Asian individuals and those from the White and African American 
races. This disparity may also affect the representativeness of the results, and caution should be exercised when 
interpreting the relationship between race and QoL profiles.

This study is the first study to explore the relationship between DII and the dual longitudinal trajectories 
of physical and mental QoL in OA people, providing novel insight into the nutritional research on OA people. 
Healthcare providers should pay close attention to the inflammatory nature of the diets of people with OA and 

Fig. 3.  The simple slope analysis shows that PASE activity moderated the relation between DII and QoL. 
Abbreviations: DII, dietary inflammatory index; OA, osteoarthritis; PASE, the Physical Activity in the Elderly 
Scale; QoL, quality of life.
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recommend that they consume more anti-inflammatory foods while appropriately increasing their activity levels 
to enhance both their physical and mental QoL. Furthermore, researchers can conduct similar studies focusing 
on Asian populations and develop more clinical trials to further explore and confirm the causal relationship and 
mechanisms between the DII and QoL in people with OA.

Conclusion
This study analyzes the physical and mental QoL trajectories of OA people over an 8-year period using 
longitudinal data from the OAI database, a prospective cohort study. The QoL of OA people can be categorized 
into three profiles: low physical-low mental QoL, low physical-high mental QoL, and high physical-high mental 
QoL. Individuals with a higher DII were significantly correlated with lower QoL, while a higher level of physical 
activity could mitigate this relationship. OA people with severe physical symptoms, poor social and financial 
status, unhealthy habits such as smoking and drinking, intrinsic properties such as female gender, and older age, 
as well as consumption of pro-inflammatory diets, require more attention to their QoL. Further clinical trials are 
necessary to evaluate the effectiveness of anti-inflammatory diets in improving QoL in OA people.

Data availability
Data were obtained from the OAI clinical dataset. These data are available for public access ​(​h​t​t​p​s​:​/​/​n​d​a​.​n​i​h​.​g​o​
v​/​o​a​i​/​)​, and permission was obtained by the team from the NIMH Data Archive (NDA) to access the data. The 
datasets used and/or analyzed during the current study are available from the corresponding author upon rea-
sonable request and with the permission of the NDA.
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