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ABSTRACT

Background: Dietary fiber reduces body weight and inflammation in clinical trials. It is unclear whether body mass

index (BMI) and inflammation might explain the observed association between higher fiber intake and the lower risk of

symptomatic knee osteoarthritis (SXKOA).

Objectives: We quantified the extent to which BMI and inflammation influenced the relation between dietary fiber and

SXKOA.

Methods:We used longitudinal data from the Osteoarthritis Initiative (OAI) and the Framingham Offspring Osteoarthritis

Study. At baseline of each study, men and women (mean age: 61 y) with or at risk of knee osteoarthritis were followed

for 48 mo in the OAI. Adults (mean age: 53 y) were followed for 9.5 y in the Framingham study. Dietary fiber intake

was estimated using a validated food-frequency questionnaire. Measured weight and height were used to calculate

BMI. Serum high-sensitivity C-reactive protein (CRP) was measured in the Framingham study only. Incident SXKOA was

defined as new onset of a combination of knee pain and radiographic osteoarthritis. We applied marginal structural

models to quantify the mediation through BMI in the OAI and the sequential mediation through BMI and CRP in the

Framingham study.

Results: Incident SXKOA occurred in 861 knees among 2876 persons in the OAI and in 143 knees among 971 persons

in the Framingham study. In persons whose fiber intake was ≥21 g/d compared with those with intakes <21 g/d, the

OR (95% CI) was 0.70 (0.53, 0.91) for the overall association with SXKOA and was 0.93 (0.92, 0.95) for the mediation via

BMI (per kg/m2) in the OAI. In the Framingham study, the overall association was 0.57 (0.30, 1.09), the mediation through

BMI (via BMI and the influence of BMI on CRP) was 0.94 (0.85, 1.02), and the mediation through CRP (per milligram per

liter) was 0.99 (0.84, 1.19).

Conclusion: Our findings suggest that the inverse association of fiber intake and the risk of incident symptomatic knee

osteoarthritis is partially mediated by BMI. J Nutr 2018;148:1961–1967.
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Introduction

Osteoarthritis, the most common form of arthritis, is one of the
10 leading causes of loss of function and its ranking among
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diseases as a cause of disability has been increasing with aging
and increased rates of global obesity (1). Obesity is a major
cause of osteoarthritis in the knee, with a recent meta-analysis
suggesting that both overweight and obesity increase the risk
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of knee osteoarthritis by 2- to 4-fold (2). It is thought that
obesity increases the loading across the knee and also augments
serum and tissue concentrations of proinflammatory cytokines
and adipokines (3), which may themselves accelerate disease
development and increase the risk of joint pain (4, 5). C-reactive
protein (CRP), a marker of low-grade systemic inflammation,
has been related to painful osteoarthritis in a longitudinal study
(4), an association further confirmed in a meta-analysis (5).
In addition, CRP concentration could be influenced in part by
obesity, in which BMI contributes most of the variance in CRP
concentrations (6, 7).

Because very few effective treatments without adverse
consequences are available in knee osteoarthritis, dietary
modification may offer a safe and effective prevention strategy
for osteoarthritis (8). Dietary fiber consists of nondigestible or
nonabsorbable carbohydrates in the small intestine that are
partially or fully fermented in the colon (9). Several clinical trials
have shown that dietary fiber reduces body weight (10–12) and
lessens systemic inflammation reflected by CRP concentrations
(13).

Recently, we reported that a high intake of dietary fiber
from all food sources was associated with a lower risk
of incident symptomatic knee osteoarthritis (SXKOA) in 2
US prospective cohorts (14). We found that those in the
Osteoarthritis Initiative (OAI) whose consumption of dietary
fiber placed them in the highest quartile of intake (median
intake: 20.6 g/d) had a significantly lower risk of developing
SXKOA, with an OR (95% CI) of 0.70 (0.52, 0.94), and that in
the Framingham Offspring Osteoarthritis Study (Framingham
study), compared with participants in the lowest quartile of
fiber intake, those whose consumption placed them in the fourth
(highest) quartile (median: 25.5 g/d) had a lower risk, with
an OR of 0.39 (95% CI: 0.17, 0.88) (14). These analyses
included adjustment for measures of diet quality and other
factors associated with healthy lifestyles. Further adjustment for
BMI partially weakened the associations (14). We speculated
that the protective association of dietary fiber intake against
incident knee symptomatic osteoarthritis was mediated, at least
in part, through fiber’s impact on BMI. As mentioned above,
CRP is closely linked with dietary fiber, obesity, and SXKOA,
and we hypothesized that CRP was also in the mediation
pathway.

In this study,we conducted mediation analyses to quantify to
what extent the reduction in SXKOA from dietary fiber could be
explained by the association of dietary fiber with BMI and CRP.
Identifying the causal pathway for the association of fiber intake
with knee osteoarthritis may inform a prevention strategy for
this common disabling disease. Here, we used a new method
that allowed us to consider mediation by both BMI and CRP but
also whether change in BMI influenced CRP in the association
of fiber intake with risk of SXKOA.

Methods
Study population
The OAI is a multicenter prospective cohort of 4796 US men (41.5%)
andwomen aged 45–79 y,with or at risk of knee osteoarthritis, recruited
between 2004 and 2006 to investigate risk factors for osteoarthritis.
Knee pain was assessed, and weight-bearing radiographs of both knees
were obtained at baseline and annually until 48 mo in the current
analysis (15). The Framingham Offspring Study was initiated in 1971
persons comprising adult children of the original Framingham study and
spouses of these offspring participants (16). The Framingham offspring

subjects were invited to participate in the osteoarthritis study if either or
both parentmembers of the original cohort had received radiographs for
the evaluation of osteoarthritis (17). There were 1268 eligible persons
(men: 43.9%; mean age: 53.2 y) enrolled in the study in 1993–1994
(offspring exam 5), at which time weight-bearing radiographs of both
knees at full extension were obtained along with a survey about knee
pain. Participants were re-examined using the same assessments 9.5 y
later at exam 7 (2002–2005) as an ancillary study of the Framingham
Heart Study (18). In both studies, participants who had rheumatoid
arthritis or other forms of inflammatory arthritis were excluded (15,
18). Institutional review board approval was obtained from all OAI
study sites for the OAI and from Boston University for the Framingham
Osteoarthritis Study.

Assessment of dietary fiber
Dietary fiber intake was assessed at baseline and has been described
previously (14). Briefly, in the OAI, dietary fiber intake was estimated
using the Block Brief 2000 semiquantitative FFQ (19) and has been
shown to have amoderate to high correlation for dietary fiber (r= 0.50–
0.66) in the validation studies (20). In the Framingham study, habitual
dietary intake was recorded at exam 5 (1993–1994) as the baseline of
the present study and 4 y later at exam 6 (1995–1998) via the validated
Harvard semiquantitative FFQ of 126 food items (21). The correlation
coefficient for dietary fiber was 0.68 in the validation studies (21–23).
The nutrient values for the Block FFQ were estimated primarily on the
basis of the nutrient-composition values, which were developed in the
NHANES II (19); the Harvard FFQ relied primarily on the USDA food-
composition database supplemented by other published data (21).

We used 21 g fiber intake/d as the cutoff to define high and low
fiber intake in this study. This cutoff is based on our findings in
the OAI and the Framingham study (14). That is, in the OAI, those
whose consumption fell into the highest quartile of dietary total fiber
(median intake: 20.6 g/d) and those in the Framingham study who
consumed at the upper third (19.1 g/d) or upper fourth (25.5 g/d)
quartile had significantly lower risks of developing incident SXKOA
(14). In addition, 21 g fiber/d is the Adequate Intake in the DRIs for
women aged ≥50 y (24). To have sufficient power to detect significant
results in both men and women in the cohorts, we used 21 g dietary
fiber/d as a cutoff to conduct mediation analysis.

Assessments of BMI and high-sensitivity CRP
OAI. Body weight and height were measured without shoes at baseline
and at each annual examination. Weight was measured with a scale
in lightweight clothing without heavy jewelry or wallets. Standing
height was measured with a wall-mounted stadiometer with a movable
headboard (15).

Framingham study. Body weight and height were measured at
baseline and every 4 y without shoes. Weight was measured in
lightweight clothing, and height was measured using a mounted
stadiometer. At the beginning of the seventh examination cycle (1998–
2001), blood samples were collected and serum high-sensitivity CRP
(milligrams per liter), serving as a marker for systemic inflammation,
was measured using a Dade Behring BN100 nephelometer (25, 26). The
intra- and interassay CVs were 3.2% and 5.3%, respectively (25).

Other covariates. In both studies, demographic characteristics,
history of knee surgery (including knee replacement), medication use,
tobacco and alcohol use, and physical activity were collected at baseline.
Only participants with valid fiber intake (no missing values) and calorie
intake (≥500 and <4200 kcal/d for men and <4000 kcal/d for women)
were included in the analyses. To estimate the level of physical activity,
we used the Physical Activity in the Elderly Scale (PASE) score in the
OAI and the Physical Activity Index (PAI) in the Framingham study.
The PASE score was computed by the products of empirically derived
activity weights in 3 domains (household, occupational, and leisure)
times the activity frequencies (hours per week) (27). The PAI was used
to capture subjects’ usual activities in a typical 24-h day; the total score
summed the products of activity frequency (hours per day) multiplied
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FIGURE 1 Directed acyclic graphs for the decompositions of
association between dietary fiber and risk of incident SXKOA
mediated by BMI (Osteoarthritis Initiative; n= 2876) (A) or by BMI and
CRP (Framingham Osteoarthritis Study; n = 971) (B). CRP, C-reactive
protein; SXKOA, symptomatic knee osteoarthritis.

by a weight based on oxygen consumption (liters per minute) required
for that level of activity (28).

Assessment of SXKOA (study outcome)
In both the OAI and Framingham cohorts, a positive response to the
question of “During the past 30 days, have you had pain, aching, or
stiffness in your right/left knee on most days?” was defined as knee
pain. All persons obtained a fixed flexion posterior-anterior radiograph,
which was read centrally for Kellgren and Lawrence grade. Incident
SXKOA was defined as new onset of a combination of knee pain and
radiographic osteoarthritis (i.e., Kellgren and Lawrence grade ≥2) in
the same knee during the follow-up.

Statistical analysis
In both cohorts, we used marginal structural models under the
counterfactual framework to partition the total effect of the exposure
of interest into the indirect effect from the remaining direct effect (29).
Because CRP measurement was not available in the OAI, BMI was
assessed as the sole mediator. In the Framingham study, both BMI
and CRP were assessed for their potential mediation in the association
between dietary fiber and incident SXKOA with the use of the method
developed by Steen et al. (30). We postulated that BMI would affect
CRP in the association between dietary fiber and the risk of incident
SXKOA. Under the counterfactual framework (29), the total effect
(overall association) of dietary fiber on the risk of incident SXKOA was
decomposed into the natural direct effect (i.e., the association of dietary
fiber and the risk of SXKOA not through a given mediator) and the
natural indirect effect (i.e., the association of fiber intake and the risk of
SXKOA through a giver mediator) (29). The directed acyclic graph for
each cohort is depicted in Figure 1.

To examine to what extent the association between dietary fiber
intake and the risk of incident SXKOA was mediated through BMI
and CRP, respectively, we first evaluated whether BMI or CRP met the
criteria as a potential mediator (31). Specifically, we assessed 1) whether
dietary fiber intake was associated with BMI or CRP and 2) whether
there was an association of BMI or CRP with the risk of incident
SXKOA. To do so, we first performed linear regression analyses to
assess the relation of dietary fiber (dichotomized as ≥21 compared with
<21 g/d) with BMI or with CRP, and then we carried out logistic
regression analyses between BMI or CRP and the risk of incident
SXKOA.

We used generalized estimating equations to account for the
correlation between 2 knees of each individual in the regression
models (32). Both BMI (kg/m2) and CRP (milligrams per liter) were
considered as continuous variables in the following models. In our
regression models, we controlled for age (years), sex (men or women),
race (white or nonwhite in the OAI), total energy intake (kilocalories
per day), education (below college or college or above), tobacco use
(never, former, or current smokers), physical activity (PASE in the
OAI or PAI in the Framingham study; continuous), and intake of
other dietary components that have been suggested to be related to
knee osteoarthritis (33–36), including vitamin C (milligrams per day),
vitamin K (micrograms per day), polyunsaturated fat (grams per day),
and saturated fat (grams per day) in the OAI. In the Framingham study,
we adjusted for diet quality to account for dietary confounders using
the Dietary Guidelines Adherence Index (DGAI-2010) applied to the
baseline FFQ (37). There was no evidence that suggested differences of
results between men and women in the association of fiber intake with
incident SXKOA. All of the statistical analyses were conducted using
SAS version 9.3 (SAS Institute), except for the decomposition of the
sequential mediator effects, for which the CIs and inference were based
on the 1000 bootstrap samples using the R software (30).

Results
Of 4796 participants in the OAI at baseline, 540 (11.2%)
subjects were excluded from the analyses due to loss to follow-
up at the 48-mo visit, extreme caloric intake or missing fiber
intake (n = 205), or knee replacement at baseline (n = 56).
Of the remaining participants (n = 3995), we further excluded
1020 persons who had prevalent SXKOA and 99 persons with
missing SXKOA status, leaving 2876 persons (5752 knees)
with 869 incident SXKOA knees for inclusion in the analyses.
Among the 1268 participants in the Framingham study, we
excluded 131 persons (11.9%) due to loss of follow-up and
166 persons due to missing data on dietary fiber intake; thus,
971 persons (1941 knees) including 131 incident SXKOA knees
were included in the analyses (see flowchart in Supplemental
Figure 1).

The baseline characteristics for each cohort are shown in
Table 1 by the intake levels of dietary fiber (≥21 compared
with <21 g/d). In both studies, participants who consumed ≥21
g/d had lower mean BMIs, were less likely to smoke tobacco,
and were more physically active than those who consumed
<21g dietary fiber/d. They also had higher total energy intakes
and higher intakes of PUFAs, vitamin C, and vitamin K. In
the Framingham study, those who had a higher fiber intake
consumed a healthier diet as reflected by the DGAI-2010 and
had lower concentrations of serum CRP.

The associations of dietary fiber with either BMI (kg/m2) at
different time points or CRP (log-transformed) were significant
(P values ranged from <0.001 to 0.02). The relation between
BMI at different time points and incident SXKOA was highly
significant (P < 0.001). Similarly, CRP was related to incident
SXKOA (P< 0.002). These results suggested that BMI and CRP
were potential mediators.

The total effect, the natural direct effect, and the natural
indirect effect of dietary fiber on the risk of incident SXKOA
mediated by BMI or CRP are shown in Table 2. All effect
estimates were significant in the OAI in which BMI was the
single mediator. In the OAI, BMI significantly mediated the
association of dietary fiber with SXKOA, comparing those who
consumed ≥21 g dietary fiber/d with those who consumed
<21 g/d (OR: 0.93; 95% CI: 0.92,0.95). In the Framingham
study, the analysis of the sequential mediation roles of BMI
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TABLE 1 Baseline preincident symptomatic knee osteoarthritis characteristics of participants in the OAI and the Framingham
Offspring Osteoarthritis Study1

Dietary fiber

OAI (n= 2876) Framingham study (n= 971)

<21 g/d ≥21 g/d <21 g/d ≥21 g/d
(n= 2363) (n= 513) P (n= 649) (n= 322) P

Age at baseline, y 61.0 ± 9.1 61.5 ± 9.3 0.06 53.2 ± 7.8 55.3 ± 8.3 <0.001
Male sex, n (%) 953 (40.3) 252 (49.1) <0.001 292 (45.0) 150 (46.4) 0.56
Race (white), n (%) 2027 (85.8) 432 (84.2) 0.20 649 (100) 322 (100) —
BMI, kg/m2

At baseline 28.1 ± 4.7 27.8 ± 4.6 0.02 27.2 ± 4.6 26.6 ± 4.6 <0.001
At median follow-up 28.1 ± 4.7 27.8 ± 4.9 0.02 27.7 ± 4.8 27.2 ± 4.7 <0.001

Tobacco use, n (%) <0.001 <0.001
Never 1873 (79.3) 387 (75.4) 541 (83.4) 299 (92.9)
Former smoker 403 (17.1) 113 (22.0) 8 (1.2) 2 (0.6)
Current smoker 87 (3.7) 13 (2.5) 100 (15.4) 42 (6.5)

Education, n (%) 0.13 <0.001
Less than college 832 (35.2) 168 (32.8) 452 (69.6) 200 (62.1)
College or above 1531 (64.8) 345 (67.2) 197 (30.4) 122 (37.9)

Physical activity2 (PASE for OAI; PAI for Framingham) 151 (100–211) 164 (108–231) <0.001 35 (32, 38) 35 (33, 38) 0.048
Prevalence of radiographic osteoarthritis, n (%) 732 (31.0) 160 (31.2) 0.89 46 (7.1) 22 (6.7) 0.74
Pain, aching or stiffness, n (%) 485 (20.5) 101 (19.7) 0.55 102 (15.7) 50 (15.4) 0.004
Total energy, kcal/d 1274 ± 447 1930 ± 566 <0.001 1633 ± 470 2309 ± 588 <0.001
Total dietary fiber, g/d 13 ± 4.2 27 ± 5.9 <0.001 14 ± 4.9 28 ± 6.3 <0.001
Dietary quality score (DGAI 2010)3 — — — 55 ± 9 64 ± 5 <0.001
Saturated fats, g/d 17 ± 8.3 23 ± 11 <0.001 20 ± 8.0 26 ± 12.1 <0.001
PUFAs, g/d 10 ± 4.7 15 ± 6.2 <0.001 12 ± 4.7 17 ± 6.3 <0.001
Vitamin C, mg/d 100 ± 53 165 ± 69 <0.001 200 ± 220 294 ± 275 <0.001
Vitamin K, µg/d 146 ± 106 337 ± 237 <0.001 128 ± 64 231 ± 125 <0.001
Serum high-sensitivity CRP,2 mg/L — — — 2.0 (0.9–4.9) 1.9 (0.9–3.9) 0.02

1Values are means ± SDs unless otherwise indicated. CRP, C-reactive protein; DGAI-2010, Dietary Guidelines Adherence Index 2010; OAI, Osteoarthritis Initiative; PAI, Physical
Activity Index; PASE, Physical Activity Scale for the Elderly.
2Values are medians (IQRs).
3Dietary Guidelines Adherence Index 2010 (37), excluding fiber.

and CRP suggested a similar effect size for BMI as that in the
OAI; however, the bootstrap CI for the estimated effect size of
the natural indirect effect slightly overlapped the null for BMI
(OR: 0.94; 95% CI: 0.85, 1.02). The mediation by CRP in the
association between fiber intake and SXKOA after accounting
for BMI was null (OR: 0.99, 95% CI: 0.84,1.19). For both
studies, the natural direct effect was significant.

Discussion

Our results showed that the association of dietary fiber with a
lower risk of incident SXKOA was, at least partially, mediated
through BMI in 2 longitudinal studies with distinct study
designs and populations. In addition, our findings suggest that
BMI affected serum CRP in mediating the association of dietary
fiber with incident SXKOA. To our knowledge, this study is the
first to provide causal insights into how dietary fiber may lower
the risk of a disease outcome by examining multiple sequential
mediators—here, in the case of knee osteoarthritis.

The effect of dietary fiber on reduced body weight has been
shown in several clinical trials (10, 11, 38). The significant
positive relation of BMI with a higher risk of knee osteoarthritis
is well established from study populations, regardless of regions
or ethnic backgrounds (2). In the meta-analysis conducted
by Zheng and Chen (2), both overweight and obesity were
significantly associated with a higher risk of knee osteoarthritis

by 2- and 4-fold, respectively; a BMI increment of 5 was
related to a significant 35% higher risk (2). In our earlier
report, controlling for BMI attenuated the risk estimates for the
longitudinal association of dietary fiber with incident SXKOA
in both the OAI and Framingham study (14). In the present
study, results from the mediation analyses further confirmed
that BMI either at baseline (see Table 2) or the midpoint of
the study course (data not shown) mediated, at least in part,
the association of dietary fiber with incident SXKOA. Hence,
our results showed that dietary fiber may result in a lower body
weight, because those who consumed more dietary fiber were
likely to have a lower BMI over time and this, in turn, reduced
their risk of developing SXKOA.

In the Framingham study, which used marginal structural
models to assess sequential mediators as described in Steen
et al. (30), we found that the mediation via BMI,which included
the pathway through BMI itself and that through the impact of
BMI on serum CRP, had a similar effect size to the mediation
via BMI only in the OAI. Furthermore, the sole meditation
by CRP under the influence of BMI produced a null effect.
These results suggest that BMI appears to be the primary
mediator in the causal pathway for the association between
dietary fiber and the risk of incident SXKOA. In the previously
published meta-analysis, there were no significant differences
in the concentrations of serum CRP detected between persons
with and without osteoarthritis (5), after adjustment for BMI,
indicating that body weight status plays an influential role

1964 Dai et al.



TABLE 2 Natural direct and natural indirect effects of dietary fiber on incident symptomatic
knee osteoarthritis for single-mediator mediation with BMI at baseline or CRP as a mediator in
the OAI and the Framingham Offspring Osteoarthritis Study1

Dietary fiber

<21 g/d ≥21 g/d

OAI
n 2363 513
Median (IQR) fiber intake, g/d 12.5 (9.3–15.6) 25.2 (22.7–29.0)
OA knees, n/total knees (%) 727/4726 (15.4) 142/1026 (13.8)
Total effect2 1.00 (ref) 0.70 (0.53,0.91)3

Direct effect 1.00 (ref) 0.76 (0.58, 0.99)
Indirect effect via BMI 1.00 (ref) 0.93 (0.92,0.95)

Framingham study
n 649 322
Fiber intake median (IQR), g/d 14.8 (11.9–17.5) 25.6 (23.1–29.9)
OA knees, n/total knees (%) 92/1297 (7.1) 39/644 (6.0)
Total effect4 1.00 (ref) 0.57 (0.30, 1.09)
Direct effect 1.00 (ref) 0.55 (0.25, 0.98)
Indirect effect via BMI directly and BMI→CRP 1.00 (ref) 0.94 (0.85, 1.02)
Indirect effect via CRP only 1.00 (ref) 0.99 (0.84,1.19)

1CRP, C-reactive protein; OA, osteoarthritic; OAI, Osteoarthritis Initiative; PAI, Physical Activity Index; PASE, Physical Activity
Scale for the Elderly; ref, reference.
2Model adjusted for age (years), sex (men or women), race (white or nonwhite), total energy intake (kilocalories), education (less
than college or college or higher), tobacco use (never, former, or current smoker), physical activity (PASE, continuous), intake
of other dietary factors including polyunsaturated fat (grams per day), vitamin C (milligrams per day), vitamin D (International
units per day), vitamin E (milligrams α tocopherol per day), vitamin K (micrograms per day), dairy products (servings per day),
and saturated fat (grams per day).
3OR; 95% CI in parentheses (all such values).
4Model adjusted for age (years), sex (men or women), total energy intake (kilocalories), education (less than college or college
or higher), current cigarette smoking status (never or current), physical activity level (PAI, continuous), and diet quality using
the modified dietary guidelines 2010 score (37) (excluding dietary fiber).

in systemic inflammation. Our findings were consistent with
this observation because we found a marginal natural indirect
effect of CRP (OR: 0.98; 95% CI: 0.96, 1.0) when we
modeled CRP as a single mediator (i.e., BMI was neither
adjusted as a confounder nor modeled as a mediator) in the
marginal structural model. Because obesity promotes excessive
white adipose tissue, which is a key regulator of systemic
inflammation (39), and because systemic inflammation may
further affect synovitis (3) and increase knee pain (5, 40, 41),
it is possible that dietary fiber lowers BMI, which reduces both
mechanical loading and systemic inflammation. Together, our
analyses suggested that BMI preceded and affected serum CRP
concentration in the causal pathways between dietary fiber and
the risk of incident SXKOA.

Moreover, we noticed that the natural direct effect was
significant in both cohorts. This suggests that other mechanisms
in addition to BMI and CRP could play a role in the beneficial
association between dietary fiber and the risk of SXKOA. For
instance, dietary fiber may affect the gut microbiome (42)
and hormones (43) to promote other health benefits to reduce
SXKOA. In addition, dietary fiber may decrease absorption
of macronutrients and promote satiety, both of which can
affect caloric intake and weight status (44). Other healthful
effects of dietary fiber include lowering blood pressure (45)
and cholesterol (46) and improving glycemic control (47)
and cytokines and chemokines, all of which are related to
osteoarthritis (48–50). A reduction in these metabolic risk
factors and inflammatory markers may further contribute to the
protective role of dietary fiber in SXKOA (51).

There are several strengths of this study. We used data from
2 well-executed prospective cohorts to assess mediation in an

attempt to explain part of the causal relation between dietary
fiber and SXKOA. We had measured body weight and height
in both studies, which would reduce potential biases from self-
reported measures of these anthropometric variables. Second,
the consistent findings of the mediation via BMI from 2 different
cohorts increase generalizability of the results, because each
cohort has distinct demographic and baseline characteristics.
Nonetheless, our study has limitations. First, self-reported di-
etary intake via semiquantitative FFQs is prone to measurement
error and potentially results in nondifferential misclassification
of dietary fiber; however, such bias is likely to lead to an
underestimate or attenuation of the observed associations. The
selection criteria for participants in the OAI might introduce
collider bias by conditioning on BMI; nevertheless, such bias
is likely to underestimate the true association between dietary
fiber and SXKOA (14). Self-reported physical activity may not
sufficiently reflect participants’ physical activity in real life. The
residual confounding from this variable as other (self-reported)
measures in observational studies is unavoidable. However,
the relation between physical activity and knee osteoarthritis
remains unclear, even in randomized controlled trials (52, 53).
Another limitation is that, in the Framingham study, we used
general estimating equationmodels to estimate the total effect of
fiber intake on the risk of SXKOA, and then we used a different
approach [i.e., the sequential mediation models proposed by
Steen et al. (30)] to estimate the natural direct effect and the
natural indirect effect. Because this sequential mediation model
does not provide effect estimates for the total effect, we believe
that the use of 2 different models may explain a slightly lower
effect estimate for the total effect than the natural direct effect in
the Framingham study. Finally, conducting mediation analyses
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under the counterfactual framework for causal inference relies
on several assumptions, including no (substantial) unmeasured
confounding or model mis-specifications. These assumptions
are difficult to verify.

In conclusion, our data in 2 longitudinal studies suggest that
a high fiber intake may lower the risk of SXKOA, at least in
part, through optimizing BMI, whereas serum CRP is possibly
affected by BMI in the association between dietary fiber and
SXKOA. Alternative pathways such as the role of microbiome
should be explored in future studies.
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