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Abstract
Purpose Oxidative stress might play an important role in the development of osteoarthritis, but not much is known about 
the effect of antioxidants on osteoarthritis risk. We, therefore, aimed to investigate the effect of dietary vitamin C, E, beta-
carotene, and non-enzymatic antioxidant capacity (NEAC), which measures overall antioxidant activity from the diet, on 
the risk of osteoarthritis.
Methods For this study 43,865 men and women from the Swedish National March Cohort (SNMC) were followed for up 
to 19 years. We computed dietary intake of vitamin C, E and beta-carotene using information from a Food Frequency Ques-
tionnaire (FFQ). To estimate dietary NEAC we combined the information from the FFQ with food item-specific antioxidant 
capacity values from an antioxidant food database. Cases of osteoarthritis were identified through the Swedish National 
Patient Registers. We categorized all exposure variables into sex-specific quartiles and used multivariable-adjusted Cox 
proportional hazards regression models to estimate hazard ratios (HRs) with 95% confidence intervals (95% CIs).
Results In total, we observed 5976 cases of OA during 469,148 person-years of follow-up. After adjusting for potential con-
founders, we did not find any association between vitamin C, beta-carotene and NEAC (p-values for trend > 0.5), but a posi-
tive association was found with higher dietary vitamin E intake (HR Q4 vs Q1: 1.11; 95% CI 1.02–1.21; p for trend = 0.01) 
and the risk of OA.
Conclusion Our findings do not provide evidence for dietary antioxidants to protect from the development of OA, and a 
higher dietary vitamin E intake might even increase the risk.
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Introduction

Osteoarthritis (OA) is the most common form of arthritis 
and given the rising obesity rates and the ageing population 
its prevalence is expected to increase [1]. Exact numbers are 
difficult to obtain since they vary depending on the defini-
tion of OA used, characteristics of the study population, and 
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which specific joints the study included. However, studies 
have estimated that OA affects around 15% of the total world 
population and up to 50% of older adults [2–4].

OA and its development have been widely investigated 
and well-known risk factors include age, sex, obesity, and 
joint injury [2]. In addition, oxidative stress, a condition 
characterized by an imbalance between free radicals and 
the body’s antioxidants [5], might play an important role 
in the pathogenesis of OA [6]. It has been suggested that 
oxidative stress might lead to chondrocyte and cartilage 
ageing by inducing telomere genomic instability, replica-
tive senescence, and chondrocyte dysfunction [7]. Further, 
increased levels of oxidative stress and reduced levels of 
plasma antioxidants have been reported in patients with knee 
OA compared to healthy controls [8].

Based on current evidence, treatment options for OA are 
limited and rather restricted to symptom treatment. There-
fore, there is a growing interest in understanding the role of 
diet for both primary and secondary prevention of OA [9]. 
Since antioxidants are able to reduce oxidative stress [10], a 
wide range of dietary antioxidants, such as vitamin C, E and 
beta-carotene and their association with incidence of OA and 
OA related symptoms, have been investigated, with incon-
sistent findings. Some studies reported dietary or plasma 
vitamin C and E to be positively associated with knee OA 
[11, 12], whereas other studies have found an inverse asso-
ciation with dietary beta-carotene and vitamin C or sup-
plemental vitamin C with either progression of OA [13] or 
incidence of knee OA [14].

Antioxidants are known to interact with each other, which 
could lead to a greater protective effect compared to that 
achieved by single antioxidant compounds alone [10]. Non-
enzymatic antioxidant capacity (NEAC), also known as 
Total Antioxidant Capacity (TAC), measures overall antioxi-
dant activity from the diet by considering complex synergis-
tic and cumulative interactions between known and unknown 
antioxidants [10]. To our knowledge, the relation between 
dietary NEAC and the incidence of OA has not been studied 
before. To further clarify the effect of antioxidants on the 
risk of incidence OA we aimed to investigate the effect of 
dietary vitamin C, E, beta-carotene and NEAC on the risk 
of OA in men and women over the age of 40 years in a large 
prospective cohort study.

Subjects and methods

Study design

The Swedish National March Cohort (SNMC) was estab-
lished in 1997, in conjunction with a 4-day national fund-
raising event organized by the Swedish Cancer Society in 
almost 3600 cities and villages around the country [15]. In 

total, 43,865 men and women filled out a 36-page question-
naire concerning socio-demography, lifestyle and medical 
history. Informed consent was provided by all participants 
and the study was approved by the Research Ethics Review 
Committee at the Karolinska Institutet.

Outcome assessment

To identify OA cases we used the Swedish National Inpa-
tient and Outpatient Register. We defined cases as subjects 
receiving their first OA diagnosis during follow-up, iden-
tified using the International Coding of Disease (ICD-10) 
codes M15-M19 [polyosteoarthritis (M15), hip (M16), knee 
(M17), OA of first carpometacarpal joint (M18), other OA 
(M19)].

Follow‑up

The availability of individually unique national registration 
numbers assigned to all Swedish residents permitted accu-
rate follow-up of health status through continuously updated 
nationwide registers. To further obtain information about 
emigration and death, the cohort was linked to the Register 
of the Total Population and Population Changes. Subjects 
were followed up from October 1, 1997, until they were 
first diagnosed with OA, emigrated, died, or until the end of 
follow-up on December 31, 2016, whichever occurred first.

Study participants

Our final sample was based on 29,406 subjects, after we 
excluded subjects under the age of 40 years (n = 11,780), 
and subjects who had been diagnosed with OA (ICD-8 
713–715; ICD-9 715, ICD-10 M15–M19) (n = 855), malig-
nant neoplasms of bone and articular cartilage or secondary 
malignant neoplasm of bone or bone marrow (n = 17), joint 
injury (n = 1276), or any arthropathy disease other than OA 
(n = 418) (additional information on ICD-codes 8, 9 and 10 
are given in Online Resource 1) before the beginning of 
follow-up. We further excluded subjects with extreme energy 
intake (± 3 standard deviations from the ln-transformed 
mean energy intake, n = 446). None of the participants 
had a completely missing food frequency questionnaire (a 
flow-chart with the exclusion criteria is provided in Online 
Resource 2).

Assessment of exposure and other variables

We used a validated 85-item semi-quantitative food fre-
quency questionnaire (FFQ) [16] to estimate individual 
intake of common Swedish food items, which further 
allowed estimation of and adjustment for total energy 
intake. Subjects were asked how often, on average, they 
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had consumed these items during the previous year, with 
response categories varying from seldom/never to three or 
more times per day. Missing values were interpreted as null 
intakes [17]. To estimate subject-specific energy and nutri-
ent intake, we linked all dietary information to the Swedish 
National Food Composition database [18].

Daily intakes of dietary vitamin C, E and beta-carotene 
were computed by multiplying the reported daily consump-
tion frequencies for each food item by the standard portion 
sizes and the food-specific nutrient values. NEAC values 
for each food item were obtained from an Italian antioxi-
dant food database, which provided in vitro measurements 
using the Ferric Reducing Antioxidant Power (FRAP) assay, 
measured in mmol  Fe2+ equivalents per 1 kg fresh weight 
(FW) of single foods [19, 20]. NEAC values were avail-
able for 66 out of the 85 items from the FFQ. Food groups 
without information on NEAC contained mainly animal 
products (meat, dairy products), sweets and pastries, which, 
however, are foods with a low antioxidant content. We then 
computed total daily dietary NEAC by multiplying reported 
consumption frequencies by food-specific antioxidant capac-
ity values, taking standard portion sizes into account. In the 
assessment of dietary NEAC we did not include coffee con-
sumption, since it is unclear if the Maillard products, which 
are the main contributors to the in vitro antioxidant capacity 
of coffee, exert the same antioxidant activity in vivo [21]. 
Further, we did not include vitamin and mineral supple-
ments in the NEAC assessment due to limited information 
on consumption frequency and duration. The assessment of 
dietary NEAC through an FFQ has previously been validated 
in other study populations and has been suggested to be a 
suitable tool for nutritional epidemiology studies [22–24].

The questionnaire additionally provided information on 
the following potential confounders: Body mass index [BMI, 
computed as weight divided by height squared (kg/m2)], 
educational level, alcohol consumption, smoking status, 
use of vitamin supplements, as well as self-reported history 
of diabetes, lipid disturbance, and hypertension. Physical 
activity during a typical day was estimated using a validated 
Energy Expenditure Questionnaire [25, 26]. This allowed us 
to compute an estimate of MET-hours per day (METh/day), 
where MET stands for metabolic energy turnover with one 
MET corresponding to an energy expenditure of 1 kcal/kg 
body weight per hour [27].

Statistical methods

We adjusted all exposure variables for energy intake using 
the nutrient residual model [28] and categorized the distribu-
tion into sex-specific quartiles (Q1–Q4), as women in our 
cohort tended to have a higher dietary antioxidant intake 
compared to men. Descriptive statistics of the cohort were 
presented by groups defined by quartiles of each exposure 

variable. We computed age-standardized incidence rates for 
OA for each exposure quartile. We used a direct standardi-
zation approach using the distribution of follow-up person-
years across 5-year age categories in the whole sample.

We used the Cox proportional hazard regression model 
with age as underlying time scale to estimate hazard ratios 
(HRs) with 95% confidence intervals (CIs) for each quartile 
of the exposure, using the lowest quartile as the reference 
category [29]. We tested the proportional hazards assump-
tion using scaled Schoenfeld residuals. The multivariable 
models were adjusted for the following potential confound-
ers, which were chosen based on literature knowledge: 
sex, body mass index (BMI, kg/m2), total physical activ-
ity (METh/d), smoking (never, former, current), education 
(≤ 13 years, > 13 years), total energy intake (kcal/day), alco-
hol (g/month), use of vitamin supplements (yes, no), self-
reported diabetes (yes, no), hypertension (yes, no) and lipid 
disturbance (yes, no). We additionally adjusted the model for 
dietary NEAC for coffee intake (0, 1–2, 3–4, ≥ 5 cups/day) 
because coffee was not included in the NEAC assessment.

We investigated linear trends by estimating the median 
value of each quartile of dietary vitamin C, E, beta-carotene 
and NEAC. To investigate possible nonlinear associations, 
we fitted restricted cubic splines with knots at the 5th, 35th, 
65th, and 95th percentiles of the distribution of each expo-
sure variable [30].

We further investigated the role of sex, BMI, total physi-
cal activity, smoking, vitamin supplement use, alcohol con-
sumption, and age at baseline as potential effect modifiers of 
the relationship between NEAC and OA, both, on the mul-
tiplicative and the additive scale. To test effect modification 
on the multiplicative scale we included the cross-product 
interaction term with the variables of interest and used the 
likelihood ratio test to compare nested models. Effect modi-
fication on the additive scale was tested using the Relative 
Excess Risk due to Interaction (RERI) [31]. Stratified analy-
ses were conducted if the interaction term was significant.

We categorized potential effect modifiers as fol-
lows: sex (female, male), BMI (≤ 25 kg/m2, > 25 kg/m2), 
smoking (never, ever), vitamin supplement use (no, yes), 
alcohol consumption [women (≤ 10  g/day, > 10  g/day), 
men (≤ 20 g/day, > 20 g/day) [32]], and age at baseline 
(≤ 60 years, > 60 years). This specific age cut-off was set at 
the age of 60 since previous studies have shown that around 
that age the risk of OA increases significantly [2]. Total 
physical activity was categorized into three groups (low, 
medium, high; categorized according to tertiles of METh/
day) and in two groups (low vs. high; categorized according 
to median METh/day) when testing multiplicative and addi-
tive interaction, respectively.

To investigate the robustness of our results we per-
formed several sensitivity analyses. We used the Total 
Radical Antioxidant Parameter (TRAP) assay, expressed as 
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mmol of Trolox per 1 kg fresh weight, instead of FRAP, to 
assess dietary NEAC. In addition, we included coffee in the 
assessment of NEAC, assuming an absorption rate of 6% 
for antioxidants in coffee [33]. Moreover, we repeated the 
analyses after excluding subjects diagnosed with second-
ary OA [ICD-10 M15.3 (multiple arthritis), M16.4–M16.7 
(hip), M17.2–M17.5 (knee), M18.2–M18.5 (carpometa-
carpal joints), M19.1, M19.2, M19.93 (other joints)], since 
these diagnoses more likely are due to mechanical, rather 
than dietary factors. In addition, we repeated the analyses 
separately for hip- and knee OA. We further excluded cases 
occurring during the first two years of follow-up to investi-
gate possible effects of reversed causality.

For smoking, total physical activity, lipid disturbance, and 
BMI, 6.5%, 6.5%, 5.8%, and 2.4% of the data were missing, 
respectively. For the other covariates, the number of miss-
ing values was below 2%. To analyse whether or not the 
missing data affected our results, we performed a multiple 
imputation analysis by rerunning the model after imputing 
the missing data based on chained equations, assuming data 
missing at random [34]. We generated five imputed datasets 
and the final HRs were obtained by pooling HRs estimated 
for each of the five datasets. Standard errors were obtained 
according to Rubin’s rules [35].

All statistical analyses were performed using Stata ver-
sion 15.1 (Stata Corporation, College Station, TX, USA). 
All reported p-values were two-sided and p-values < 0.05 
were considered statistically significant.

Results

Baseline characteristics of the study population are pre-
sented for each exposure variable in Table 1. Women repre-
sented 64% of the subjects. The mean age of the study popu-
lation at baseline was 58 (standard deviation = 11) years. 
Subjects with a higher intake of vitamins and dietary NEAC 
tended to have a lower BMI, higher education, and a higher 
intake of tea, alcohol, fruits, and vegetables. They were also 
more likely to use vitamin supplements and, if females, more 
likely to receive hormone replacement therapy. Further, they 
had a higher intake of each other vitamin or NEAC, respec-
tively. In addition, they reported to a higher extent to have 
diabetes, hypertension or lipid disturbance more often than 
the rest of the population. Subjects with a lower intake of 
vitamins and dietary NEAC were more likely to be smokers 
and to drink more coffee. Foods contributing most to total 
dietary NEAC were tea (26%), fruits and vegetables (21%), 
grains (20%), chocolate (9%) and alcohol (5%).

The association between dietary antioxidants, NEAC 
and OA incidence is presented in Table 2. Overall, we 
observed 5976 cases of OA during 469,148 person-years 
of follow up. No significant association was found between 

dietary vitamin C, beta-carotene, NEAC and the risk of OA 
in the age- or the multivariable-adjusted models (p-values 
for trend > 0.5). The regression spline further showed that 
there was no deviation from linearity (p-values for nonlin-
earity > 0.05) (Online resource Figs. 2–4). For vitamin E 
we found a 11% higher risk of OA in subjects in the fourth 
quartile compared to the first, both in the age-adjusted (HR: 
1.11; 95% CI 1.03–1.19; p for trend = 0.003) and the mul-
tivariable-adjusted model (HR: 1.11; 95% 1.02–1.21, p for 
trend = 0.01), both with a significant trend. As before, the 
regression spline did not show any evidence for a non-linear 
association (p-value for non-linearity > 0.05) (Fig. 1).

When investigating whether the effect of each exposure 
variable on the risk of OA was modified by sex, BMI, total 
physical activity, smoking, vitamin supplement use, alcohol 
intake, and age, we did not detect any evidence for effect 
modification for dietary vitamin C, beta-carotene and NEAC 
on the multiplicative (all p-values for the LR-test > 0.05) or 
additive scale (all p-values for RERI > 0.05). The effect of 
vitamin E on the risk of OA was modified by sex (p-value 
for RERI = 0.02) and vitamin supplement use (p-value for 
RERI = 0.03) on the additive scale (stratified results are pre-
sented in Online resource Table 3a-b).

When running our main model after performing sensi-
tivity analyses by using TRAP instead of FRAP, estimates 
remained essentially the same (data not shown). When 
including coffee in the assessment of NEAC, we found a 
positive association between higher dietary NEAC and the 
risk of OA in the age- and sex-adjusted model (HR Q4 vs. 
Q1: 1.11; 95% CI 1.03–1.19; p for trend = 0.39), however, 
the trend was not significant. Further, this association was 
attenuated and not significant after adjusting the model 
for potential confounders (HR Q4 vs. Q1: 1.05; 95% CI 
0.97–1.15; p for trend = 0.58). Moreover, excluding subjects 
with secondary OA (n = 132) and excluding cases occurring 
during the first two years of follow-up did not affect our 
estimates (data not shown). When repeating the analyses for 
hip and knee OA separately, we similarly detected a positive 
association between vitamin E and the risk of knee OA but 
not hip OA. No association was found between vitamin C, 
beta-carotene or NEAC, with any subtype of OA (results are 
presented in Online resource Table 4a-4d). Finally, when 
running our main model after using imputed missing data 
we obtained similar results (data not shown).

Discussion

In this large cohort study of Swedish men and women above 
the age of 40 years, baseline dietary vitamin C, beta-car-
otene, and non-enzymatic antioxidant capacity were not 
associated with the risk of osteoarthritis, whereas a positive 
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Table 1  Baseline characteristics by sex-specific quartiles of dietary vitamin  Ca,b,  Ea,b, beta-carotenea,b and non-enzymatic antioxidant capacity 
(NEAC)a,c, The Swedish National March Cohort, 1997–2016

Sex-specific 
quartiles

Vitamin C Vitamin E Beta-carotene NEAC

Q1 Q4 Q1 Q4 Q1 Q4 Q1 Q4

Females 0.1–73.4 129.1–618.3 2.1–4.8 6.4–15.2 0.1–2.0 4.8–26.0 0.1–7.0 12.4–50.2
Males 0.02–57.1 104.4–320.7 1.4–4.1 5.5–12.1 0.1–1.5 3.6–19.1 0.7–6.6 11.3–42.7
Number of 

subjects
7352 7350 7353 7351 7353 7351 7353 7351

Age (years), 
mean (SD)

57.2 (10.4) 59.7 (10.5) 58.6 (10.8) 58.4 (10.3) 56.7 (10.5) 60.1 (10.6) 57.6 (10.5) 58.7 (10.6)

Sex (women), 
%

63.6 63.6 63.6 63.6 63.6 63.6 63.6 63.6

BMI (kg/m2), 
mean (SD)

24.8 (3.4) 25.0 (3.4) 25.0 (3.6) 24.9 (3.3) 25.0 (3.5) 24.8 (3.3) 25.4 (3.5) 24.5 (3.2)

Total physical 
activity 
(METh/day), 
mean (SD)

38.8 (13.0) 40.1 (13.0) 39.2 (13.5) 39.9 (12.5) 38.6 (12.8) 39.9 (12.6) 39.4 (13.3) 39.1 (12.2)

Education 
(> 13 years), 
%, %)

25.4 27.7 21.9 31.8 24.5 28.1 19.2 36.1

Current smok-
ing, % (%)

10.1 5.7 10.5 4.8 10.8 5.0 10.8 4.8

Energy intake 
(kcal/day), 
mean (SD)

2000.1 
(521.4)

1974.5 
(522.5)

2000.3(514.8) 1992.3(533.6) 1992.0 
(520.7)

1977.1 
(510.9)

1960 (515) 1975 (510)

Dietary cal-
cium intake 
(mg/day), 
mean (SD)

1181.9 
(334.5)

1098.7 
(297.8)

1210.1 
(359.0)

1073.0 
(271.6)

1156.7 
(334.8)

1127.2 
(298.4)

1215.4 
(336.8)

1085.1 (296.9)

Dietary protein 
intake (gram/
day), mean 
(SD)a

80.7 (9.5) 77.4 (9.8) 78.9 (10.0) 79.4 (9.6) 78.9 (9.7) 79.4 (9.7) 82.0 (9.3) 77.1 (9.6)

Dietary 
NEAC, mean 
(SD)a,c

8.3 (4.2) 11.9 (4.5) 8.8 (4.2) 11.40 (4.6) 8.9 (4.3) 10.9 (4.5) – –

Dietary vita-
min C intake 
(mg/day), 
mean (SD)a

– – 70.0 (31.85) 131.4 (48.17) 71.4 (39.6) 121.6 (49.0) 73.4 (28.7) 116.3 (52.4)

Dietary vita-
min E intake 
(mg/day), 
mean (SD)a

4.5 (0.9) 6.2 (1.3) – – 4.6 (0.9) 6.0 (1.24) 4.9 (1.0) 5.7 (1.3)

Dietary beta-
carotene 
intake (mg/
day), mean 
(SD)a

2.2 (1.5) 4.4 (2.5) 2.1 (1.34) 4.6 (2.60) – – 2.3 (1.8) 3.4 (2.4)

Fruits and 
vegetables 
(servings/
day), mean 
(SD)

1.0 (0.8) 3.4 (1.8) 1.0 (0.8) 3.5 (1.8) 1.2 (1.0) 3.0 (1.8) 1.4 (1.0) 2.7 (1.8)

Tea (cups/
day), mean 
(SD)

1.0 (1.3) 1.0 (1.2) 1.0 (1.3) 1.0 (1.2) 1.0 (1.3) 1.0 (1.2) 0.0 (0.2) 2.3 (1.4)
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association was observed between high intake of dietary 
vitamin E and the risk of osteoarthritis.

To the best of our knowledge, this is the first study inves-
tigating the association between dietary NEAC and the risk 
of OA.

As oxidative stress might be involved in the development 
of OA, the hypothesis of antioxidants to protect from OA 
by reducing levels of oxidative stress is plausible. Several 
possible mechanisms have been described earlier and vari-
ous antioxidants might affect OA by reinforcing the cellular 
antioxidant status. Amongst others, vitamin C is essential 
for the biosynthesis of the extracellular matrix and protects 
chondrocytes from differentiation, senescence, and apopto-
sis. In addition, selenium might help to restore the antioxida-
tive capacity of chondrocytes. Vitamin E might be a potent 
antioxidant by protecting cell membranes from oxidation by 
reactive oxygen species. Further, the oral administration of 
vitamin E was found to protect articular chondrocytes from 
destruction through lipid peroxidation [6].

Against our expectations, we did not find any associa-
tion between dietary vitamin C, beta-carotene, NEAC and 
the risk of incidence OA. We did find a higher dietary 
vitamin E intake to be associated with an increased risk 
of overall OA and knee OA. In a previous cross-sectional 

study among 4685 participants, dietary vitamin C intake 
was positively correlated with the prevalence of knee OA, 
whereas no significant association was observed with 
dietary carotenoids, vitamin E and selenium [11]. Simi-
larly, in a nested case–control study including 3026 male 
and female participants higher plasma vitamin C and E 
were associated with an increased risk of radiographic 
knee OA [12]. In contrast, in a prospective study includ-
ing 640 participants from the Framingham Heart Study 
high dietary intake of vitamin C was associated with a 
reduced risk of developing knee pain. They also reported 
inverse associations for vitamin C and beta-carotene with 
the risk of OA progression. No association was found for 
any dietary antioxidant and incidence of knee OA [13]. 
Among 1,023 participants from the Clearwater Osteo-
arthritis longitudinal study, vitamin C supplementation 
was inversely associated with the incidence of knee OA, 
but not OA progression [14]. Although vitamin E is also 
known to become a pro-oxidant if present at high concen-
trations [36], reaching such high levels through diet only, 
is unlikely and might therefore not explain our findings of 
higher dietary vitamin E intake to increase the risk of OA. 
Vitamin E levels measured through an FFQ in subjects in 
the highest quartile of dietary vitamin E in our population 

Table 1  (continued)

Sex-specific 
quartiles

Vitamin C Vitamin E Beta-carotene NEAC

Q1 Q4 Q1 Q4 Q1 Q4 Q1 Q4

Coffee (cups/
day), mean 
(SD)

3.4 (1.7) 2.9 (1.7) 3.3 (1.7) 3.0 (1.6) 3.3 (1.7) 3.0 (1.6) 3.8 (1.6) 2.3 (1.6)

Alcohol (g/
month), 
mean (SD)

319.2 (464.2) 277.3 (375.5) 289.3 (456.8) 331.2 (400.9) 331.9 (476.1) 256.1 (442.6) 248.5 (367.6) 334.6 (424.0)

Use of vitamin 
and mineral 
supplements, 
(%)

49.5 57.1 49.4 57.1 47.9 57.5 47.9 57.1

Use of 
hormone 
replacement 
 therapyd, (%)

34.5 37.3 34.5 38.1 34.4 36.3 32.7 39.0

Diabetes (%) 3.4 4.0 2.8 3.9 2.7 4.4 3.2 3.2
Hypertension 

(%)
15.0 19.2 16.6 17.4 14.8 18.4 16.3 17.0

Hypercholes-
terolemia 
(%)

4.2 6.4 5.2 5.5 4.3 6.4 4.9 4.8

BMI body mass index, MET metabolic equivalent of task
a Dietary vitamins and NEAC were adjusted for energy intake and categorized into sex-specific quartiles
b Dietary Vitamin E, Vitamin C and beta-carotene were measured in mg/day
c Dietary NEAC was measured with the FRAP assay expressed in mmol  Fe2+ equivalents/day
d Females only
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ranged from 6.1–15.2 mg/day, which is just close to the 
Recommended Dietary Allowance (RDA) for vitamin E 
(15 mg/day for adult men and women) [37].

In an intervention study among 38 patients with knee 
OA, the consumption of pomegranate juice improved OA 
symptoms and increased plasma antioxidant status. Further, 
physical function and stiffness were significantly improved 
in the intervention group at the end of follow-up [38]. Grover 
et al. [39] published a review article reporting that evidence 
exists for some antioxidant supplements having beneficial 
effects on pain relief and function in subjects with knee OA. 
These supplements were based on curcumin, avocado-soya 
bean unsaponifiables, Boswellia, and certain herbs used in 
Chinese and Ayurvedic medicine. Although these findings 
support our hypothesis, that the beneficial effect of antioxi-
dants on OA risk might be achieved through interactions 
between antioxidants, we did not detect any association 
between dietary NEAC and the risk of OA.

Table 2  Hazard ratios (HRs) with 95% confidence intervals (95% CIs) for dietary vitamins and NEAC in relation to the risk of Osteoarthritis, 
the Swedish National March Cohort, 1997

a Age-adjusted incidence rates, based on 5-year age categories distribution of follow-up person-years of the entire population
b Adjusted for age, sex, BMI (kg/m2), educational level (≤ 13 or > 13 years), total physical activity (METh/day), smoking (never, former, current), 
energy intake (kcal/day), alcohol (g/month), vitamin supplement use (yes, no), diabetes (yes, no), high blood pressure (yes, no), and lipid distur-
bance (yes, no)
c Model additionally adjusted for coffee (0, 1–2, 3–4, ≥ 5 cups/day)

No. of cases Person-years Incidence  ratea (per 
100′000 person-years)

Age- and sex adjusted 
HR (95% CI)

Multivariable HR (95% CI)b

Vitamin C
 Q1 1477 118,711.12 1282.7 1.0 (reference) 1.0 (reference)
 Q2 1427 118,563.86 1171.0 0.94 (0.88–1.01) 0.95 (0.87–1.03)
 Q3 1480 117,236.14 1102.7 0.96 (0.89–1.03) 0.97 (0.89–1.06)
 Q4 1592 114,607.15 1302.2 1.02 (0.95–1.10) 1.01 (0.93–1.10)
 p for trend 0.31 0.56

Vitamin E
 Q1 1447 116,618.68 1209.7 1.0 (reference) 1.0 (reference)
 Q2 1429 117,885.08 1230.4 0.99 (0.92–1.07) 1.00 (0.92–1.09)
 Q3 1496 117,875.81 1179.7 1.02 (0.95–1.10) 1.05 (0.96–1.14)
 Q4 1604 116,768.58 1255.4 1.11 (1.03–1.19) 1.11 (1.02–1.21)
 p for trend 0.003 0.01

Beta-carotene
 Q1 1414 118,256.67 1231.2 1.0 (reference) 1.0 (reference)
 Q2 1541 118,692.70 1277.1 1.05 (0.98–1.13) 1.04 (0.95–1.13)
 Q3 1517 117,111.82 1163.2 0.99 (0.92–1.07) 0.99 (0.91–1.08)
 Q4 1504 115,086.97 1195.3 0.97 (0.90–1.05) 0.97 (0.89–1.06)
 p for trend 0.15 0.23

NEACc

 Q1 1452 117,521.83 1163.2 1.0 (reference) 1.0 (reference)
 Q2 1481 117,610.61 1191.4 0.99 (0.92–1.06) 1.00 (0.92–1.10)
 Q3 1533 117,237.74 1192.9 1.02 (0.95–1.09) 1.07 (0.98–1.17)
 Q4 1510 116,777.98 1240.4 1.00 (0.93–1.08) 1.02 (0.93–1.11)
 p for trend 0.80 0.57

Fig. 1  Multivariable-adjusted restricted cubic spline curve, showing 
hazard ratios (HR) with 95% confidence intervals (CI) for the effect 
of dietary vitamin E intake on the risk of osteoarthritis (OA) among 
men and women in the Swedish National March Cohort



176 European Journal of Nutrition (2021) 60:169–178

1 3

In general, studies focusing on the incidence of OA have 
been inconsistent, whereas the role of diet and antioxidants 
might be more evident in relation to disease progression and 
severity of symptoms. One explanation could be the role of 
the inflammation status, which is directly related to oxidative 
stress. Thus, if subjects have a higher inflammation status, 
higher intake of dietary antioxidants might be more effective 
than in subjects without inflammation.

Our study has several limitations. Food intake was 
assessed only once at the beginning of follow-up and dietary 
patterns might change over time, which could lead to mis-
classification of the exposure. Thus, given the study design, 
the misclassification is most likely non-differential and 
would have biased the estimates towards the null, leading 
to an underestimation of the true association. Although we 
used a validated FFQ, the validation study does not reveal 
any information on the performance of single food items, 
such as tea, fruits, vegetables and grain products, which 
were the biggest contributors to total dietary NEAC in our 
study. Nevertheless, they reported a good reproducibility 
and validity for micronutrients from the diet [16]. In addi-
tion, we have previously found that a higher dietary NEAC 
was associated with a lower risk of myocardial infarction 
[40], stroke [41] and hip fracture [42] in the same study 
population, which further supports the validity of a FFQ 
to assess dietary NEAC. NEAC values were only available 
for 66 out of 85 food items. However, the NEAC content 
for the missing items (meat, dairy products, sweets and 
pastries) is known to be low. Further, NEAC values were 
calculated from a non-Swedish antioxidant food database. 
Although geographic location and growing conditions might 
affect absolute NEAC values, antioxidant databases likely 
show a similar ranking of the food items according to the 
NEAC values [43] and therefore, this should not have had an 
impact on our findings. Another limitation is that we could 
not include vitamin supplementation when assessing vitamin 
intake and NEAC, and indeed, the effect of dietary vitamin 
E intake varied among subgroups of supplements users and 
non-users. Nevertheless, we did not find any evidence when 
investigating the potential effect modification of dietary vita-
min C, beta-carotene and NEAC by supplement use. Another 
limitation applies to the identification of OA cases. Although 
we were able to identify cases through the national In- and 
Out-patient register, data collection of hospital-based outpa-
tient care started in 2001 [44]. We, therefore, lack informa-
tion from the Outpatient register for four years. Turkiewicz 
et al. [3], who conducted a study on 10,000 Swedes, aged 
56–84, found that 15% of their subjects had knee OA. How-
ever, only two-thirds of those had consulted a physician. 
Thus, in our study population there could be undiagnosed 
cases of OA. However, given the prospective design any 
potential misclassification of the outcome would be non-
differential, which would bias estimates towards the null. 

Strengths of our study include the large study population, 
the prospective design and the long follow-up.

To conclude, our findings suggest a higher dietary vita-
min E intake to be associated with an increased risk of 
overall and knee OA. No association was found between 
dietary vitamin C, beta-carotene, NEAC and the risk of OA. 
Further studies with tight control for confounding and well-
assessed nutrient intake, favourably in combination with 
plasma measurements of dietary antioxidants, are needed to 
further clarify the association between dietary antioxidants 
and OA risk.
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