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Abstract
Introduction: The scientific literature shows an association between inflammatory arthritis and cardiovascular diseases (CVD) with inflammation being a shared 
characteristic between the two types of diseases. Among patients with arthritis, it is possible that the protective factors against inflammation, such as vitamin D, are 
also protective factors against the development of CVD. This effect may be different according to sex.

Objective: To evaluate the impact of serum vitamin D concentration on the association between arthritis and CVD separately among men and women (effect 
modification of vitamin D and sex).

Methods: Data came from a large representative sample of the US population: The National Health and Nutrition Examination Survey (NHANES) 2005-2006, 
which included 3406 adults aged between 20 and 69 years. Measurements of arthritis (primary independent variable) and CVD (dependent variable) were taken 
during face-to-face interviews, while the measurement of serum vitamin D was carried out on blood samples. Multivariate logistic regression analyses were performed 
in which the combined modifying effect of vitamin D (<20 ng/ml/≥20 ng/ml) and sex was tested and adjusted for several potentially confounding variables.

Results: Arthritis was statistically associated with CVD in both men and women, with <20 ng/ml or ≥20 ng/ml serum vitamin D. In men, the adjusted ratio of the 
odds ratios (ROR) comparing the association at <20 ng/ml vitamin D concentration to the association at ≥20 ng/ml concentration was 0.8 (95% CI 0.5 to 1.5); in 
women, the adjusted ROR was 0.7 (95% CI 0.3 to 1.5). 

Conclusions: In this large cross-sectional study, arthritis and CVD were statistically associated, but this association was not modified by sex nor vitamin D 
concentrations. Vitamin D supplementation is not recommended as part of the management of patients of both sexes suffering from inflammatory arthritis to prevent 
CVD.
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Introduction
In the United States of America, about 52.5 million adults aged 18 

years or older have clinically diagnosed arthritis. This disease is more 
prevalent among women and older adults [1]. Arthritis addresses a 
group of diseases of the musculoskeletal system affecting the joints and 
surrounding tissues [1,2]. If underdiagnosed or inadequately treated, 
patients may suffer from joint damage, functional limitations [3] and 
even increased mortality compared to the general population [4,5].

An association between inflammatory arthritis and cardiovascular 
diseases (CVD) has been reported [6-9]. Chronic inflammation has 
an impact on atherosclerosis and insulin resistance, both potential 
cardiovascular risk factors [10]. Using NHANES dataset, we previously 
found a statistically significant association between arthritis and CVD 
[11]. It thus seemed reasonable to hypothesize that, among patients 

with arthritis, protective factors against inflammation could provide 
protection against the development of CVD. Vitamin D, an immune 
modulator, could be such a protective factor [10,12].

The assessment of 25(OH)D serum concentration is a relevant test 
diagnosing vitamin D deficiency [13-15] because 25(OH)D is more 
stable and has a longer half-life. Season, aging, latitude, adiposity, 
physical activity, smoking and diet are factors that affect the associations 
between vitamin D concentrations and health outcomes [16]. Vitamin 
D deficiency, defined as 25(OH)D serum concentration <20 ng/ml [17-
20] is considered a public health concern [21].
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Vitamin D deficiency is common in patients with rheumatoid 
arthritis [16,22] and is known to be associated with increased CVD 
risk [12,22,23]. It is not known, however, if this association is the same 
in men and women. In fact, we know that, except for children aged 
1-5 years old, women have a higher prevalence of 25(OH)D deficiency 
than men [24], as well as a higher arthritis prevalence [1], and that sex 
differences do exist when it comes to inflammation [25,26] and CVD 
occurrence [27,28]. However, a clear effect modification of sex on this 
association is not yet established. The objective of this study was to 
assess the impact, possibly differential between men and women, of 
serum 25(OH) D concentrations on the association between arthritis 
and CVD.

Methods
Source of Data 

National Health and Nutrition Examination Surveys (NHANES) 
are national cross-sectional surveys providing health and nutrition 
information on a representative sample of non-institutionalized U.S. 
residents of all ages that is generalizable to the entire U.S. population 
[29]. For the current study, we used data collected from NHANES 2005-
2006 because at the time the work was done, it was the latest NHANES 
survey with data on arthritis, CVD, and also serum measurement of 
25(OH)D. 

Participants signed written informed consent. Data were collected 
with health questionnaires, physical examination and blood tests [29]. 
The questionnaires were standardized and filled out during home 
interviews, while the physical examination and the blood collection 
were done in specifically equipped mobile centers travelling when 
needed to the participant’s home [29].

Sample Selection

Participants included were aged between 20 and 69 years. Exclusion 
criteria were mainly linked to the blood samples: 1) hemophilia, 2) 
received chemotherapy in the last 4 weeks, 3) presence of the following 
on two arms: rashes, gauze dressings, casts, edema, paralysis, open 
wounds, missing limbs, sclerotic veins, allergies to cleansing agents, 
burns or scar tissues. Besides the NHANES exclusion criteria, we 
excluded pregnant women and participants with incomplete physical 
exam or missing data related to vitamin D status.

Figure 1 shows the detailed participants’ selection: 10,348 
individuals participated to NHANES 2005-2006, of whom 382 were 
pregnant women, 5323 participants were younger than 20 years, 882 
were older than 70 years, 140 (1.4%) had not completed the physical 
examination and 215 (2.1%) had vitamin D data missing. The final 
sample size available for the current study was 3406 (90.6% of those 
eligible).

Main independent and dependent variables: Participants 
reported their health conditions through the NHANES 2005-2006 
“Medical Conditions Questionnaire”. The main independent variable 
was the presence of arthritis; participants answered if they had been 
diagnosed as having arthritis, which included several diagnoses such 
as osteoarthritis, rheumatoid arthritis, spondylarthritis, psoriatic 
arthritis, etc. If the answer was “Yes” to the question: “Has a doctor or 
other health professional ever told you that you had arthritis?”, then we 
considered them as having arthritis.

The dependent variable was the diagnosis of CVD; the questions 
were: “Has a doctor or other health professional ever told you that you 
had -congestive heart failure?”; “-coronary heart disease?”; “-angina 

pectoris?”; “-a heart attack?”; “-a stroke?” A positive answer to any of these 
questions was considered as a positive CVD diagnosis. This is the approach 
that was used in NHANES to estimate the prevalence of CVD [30].

Other independent variables: Several variables described 
participants’ sociodemographic, lifestyle and physical characteristics 
(Table 1). Some were considered as potential confounders of the 
association between arthritis and CVD, based on biological plausibility 
and the literature [8,16,31-34]. Covariates included in analyses were 
age, sex, ethnicity, body mass index (BMI), total blood cholesterol 
concentration, 25(OH) D serum concentration and monthly 
dose of vitamin D supplementation. In addition, we included the 
administration of glucocorticoids and anticonvulsants as potential 
confounders. In fact, some drugs (anti-convulsant, corticosteroids) 
adversely affect the vitamin D absorption [35,36]. BMI was calculated 
as weight in kilograms divided by the square of height in meters and 
divided into 4 categories: underweight (BMI<18.5), normal weight 

Figure 1. Participants’ selection schematization
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(18.5<=BMI<24.9), overweight (24.9<=BMI<30), and obese (BMI 
>=30). Total serum cholesterol (mg/dL) was considered as a continuous 
variable in analyses.

Details concerning the administration of glucocorticoids and 
anticonvulsants were extracted from NHANES 2005-2006 by matching 
two drug files (“Dietary Supplements” and “Prescription Medications”) 
into a computer where an automatic match to a prescription drug 
database was performed [37].

Laboratory data provided measurements of serum concentrations 
of 25(OH)D for participants. The Diasorin 25-Hydroxyvitamin D 
(25(OH)D) assay, an accurate kit measuring serum concentrations of 
25(OH)D [38], was performed to first extract 25(OH)D metabolites 
from serum, and then separate and measure them [39]. NHANES 
uses different procedures to control the quality of the analyses 
performed by the laboratories [40]. Serum concentrations of 25(OH)
D were dichotomized at >20 ng/ml [17-20]. Finally, information on the 
participants’ vitamin D supplementation and its monthly dose were 
taken from several dietary data files available in the NHANES 2005-
2006 database, that were merged. 

Statistical analyses
SAS software (version 9.3) was used to perform statistical analyses. 

Sample weights were used to produce an unbiased national estimate 
of the civilian noninstitutionalized U.S. population [41]. Comparisons 
between arthritis and non-arthritis groups were conducted using 
chi-squared tests for categorical variables and Student’s t test for 
continuous variables. To visualize bivariate associations of CVD with 
each of the independent variables, chi-squared tests were performed, 
and the prevalence of CVD was calculated for each variable category. 
Multiple logistic regression was used to assess the association between 
arthritis and CVD. Age, total cholesterol and monthly dose of vitamin 
D supplementation were treated as continuous variables, while other 
variables were left categorical. Prevalence odds ratios (OR) with 95% 
confidence intervals (95% CI) were calculated. Age, sex, ethnicity, 
BMI, total cholesterol, the administration of glucocorticoids and 
anticonvulsants, 25(OH)D serum concentration of vitamin D (<20 ng/
ml vs. ≥20 ng/ml), and vitamin D supplementation use were considered 
as potential confounding factors. Confounding was defined as a 
change in the OR ≥ 10% brought about by taking off one variable at 
a time compared to the full model. Effect modification was tested on 
a full model that included three double interaction terms (sex*arthritis, 
vitamin D*arthritis and sex*vitamin D) and a triple interaction term 
(arthritis*sex*vitamin D). This is because the main interest in this study 
were possible modifying effects of sex and vitamin D serum concentrations 
on the association between arthritis and CVD. To measure such effects, 
ratios of ORs (ROR) were calculated with their 95% confidence intervals; 
here, a ROR of 1.00 means no effect modification.

Results
Descriptive analyses

3761 adults were considered eligible, while 355 were excluded. 
No major differences existed between study participants and eligible 
non-participants except for the prevalence of arthritis. Actually, the 
non-participant group had an arthritis prevalence of 12.4% while the 
prevalence in the participants’ group was 21.4%. As for the prevalence 
of CVD, it was 7.1% in non-participants and 5.7 % in participants. 

Overall, 3406 participants comprised the study sample (Table 1), 
including 726 with a reported diagnosis of arthritis. Almost 90% of 

participants were aged between 20 and 60 years. Men and women were 
equally represented, with a majority of non-Hispanic Whites (70.8%). 
Close to a third of participants (32.2%) were overweight and 35.4% 
were obese. Deficient vitamin D concentrations (<20 ng/ml) were 
found in 35.7% of participants, while a vitamin D supplementation was 
taken by 38.9%. 

Participants with arthritis were significantly older and more likely 
to be non-Hispanic Whites, female, obese and to have osteopenia than 
those without arthritis. They were also more likely to take glucocorticoids, 
anticonvulsants and higher doses of supplements of vitamin D. The 
prevalence of CVD was 14.1% among participants with arthritis and 
3.4% among those without it (p<0.0001). CVD were significantly 
more prevalent with increasing age, among underweight and obese 
participants, those with osteopenia and osteoporosis, those with lower 
concentrations of total cholesterol, those not taking glucocorticoids or 
anticonvulsants, and those taking vitamin D supplementation. There 
was a significant (p=0.0015) bivariate association between serum 
vitamin D concentration and CVD: participants with <20 ng/ml 
had a prevalence of CVD of 7.8% while those with ≥20 ng/ml had a 
prevalence of 4.5% (Table 1).

Association of arthritis with CVD according to sex and serum 
vitamin D concentration

Table 2 shows results of unadjusted and final multivariate models. 
In men, the unadjusted OR in participants with vitamin D <20 ng/ml 
was similar to the OR in participants with vitamin D ≥20 ng/ml (ROR: 
1.1; 95% CI: 0.7-1.8), while there was a significant difference in women 
(ROR: 0.5; 95% CI: 0.3-1.0). The ROR comparing the association 
according to vitamin D concentration and sex was also significant 
(ROR: 2.3; 95% CI: 1.2-4.5). These differences disappeared however in 
adjusted analyses: the ROR <20 ng/ml /≥20 ng/ml among men was 0.8 (95% CI: 
0.5-1.5), the ROR <20 ng/ml ≥20 ng/ml among women was 0.7 (95% CI: 0.3-
1.5), and the ROR combining both sexes was 1.1 (95% CI: 0.5-3.1); all 
adjusted ROR were not statistically different from 1.0. 

In men, the ROR<20 ng/ml /≥20 ng/ml is obtained by dividing the OR of 
vitamin D <20 ng/ml (1.7) by the OR of vitamin D ≥20 ng/ml (2.1). 
This ROR was 0.8, which reflects that the odds of CVD in men with 
arthritis and <20 ng/ml vitamin D concentration is 0.8 times that of 
men with arthritis and ≥20 ng/ml vitamin D concentration. However, 
it was not statistically significant (p-value: 0.50); we conclude that 
there was no significant difference between both ORs, and thus that no 
double interaction does exist in men between vitamin D concentration 
and arthritis. 

In women, the ROR <20 ng/ml /≥20 ng/ml is obtained by dividing the OR 
of vitamin D <20 ng/ml concentration (2.1) by the OR of vitamin D 
≥20 ng/ml concentration (3.1). This ROR is 0.7 which reflects that 
the odds of CVD in women with arthritis and <20 ng/ml vitamin D 
concentration is 0.7 times that of women with arthritis and ≥20 ng/ml 
of vitamin D. However, it was not statistically significant (p-value: 0.35); 
we conclude that there was no significant difference between both ORs, 
and thus that no double interaction does exist among women between 
vitamin D concentration and arthritis. 

The ROR of 0.8 in men is not the same as that of 0.7 in women 
but this difference was not statistically significant. In fact, the combined 
ROR obtained by dividing 0.7 by 0.8 is 1.1, the confidence interval 
includes the null value, and its p-value is 0.68. We thus concluded 
that no triple interaction does exist between arthritis, vitamin D 
concentration and sex.
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Study sample
n (%)

Without Arthritis 
n (%)

With Arthritis 
n (%) p-value2 CVD Prevalence and 

p-value3

Age (years) - n [missing]
(mean ± standard deviation)

3406 [0]
(43.0 ± 0.4)

2680 [0]
(40.5 ± 0.4)

726 [0]
(52.1 ± 0.6)   <0.0001 <0.0001

20- 40 years 1496 (43.9) 1393 (51.5) 103 (16.1) 1.2
41- 60 years 1360 (44.6) 1000 (41.1) 360 (57.4) 6.6
>60 years 550 (11.5) 287 (7.4) 263 (26.6) 19.6
Ethnicity- n [missing] 3406 [0] 2680 [0] 726 [0] <0.0001 0.2996
Mexico-American 743 (8.4) 654 (9.8) 89 (3.3) 4.1
Other Hispanic 116 (3.7) 100 (4.1) 16 (2.0) 3.6
Non-Hispanics White 1563 (70.8) 1167 (68.7) 396 (78.7) 5.8
Non-Hispanics Black 839 (11.5) 647 (11.8) 192 (10.3) 6.9
Other race (including multi-racial) 145 (5.6) 112 (5.6) 33 (5.7) 5.4
Sex- n [missing] 3406 [0] 2680 [0] 726 [0] <0.0001 0.5411
Male 1745 (50.1) 1437 (52.4) 308 (41.5) 6.1
Female 1661 (49.9) 1243 (47.6) 418 (58.5) 5.3
Body Mass Index (BMI) - n [missing] 3371 [35] 2655 [25] 716 [10] <0.0001 <0.0001
Underweight (BMI<18.5 kg/m2) 36 (1.1) 31 (1.2) 5 (0.7) 11.1
Normal weight (18.5-24.9 kg/m2) 956 (31.3) 823 (34.2) 133 (20.4) 2.4
Overweight (24.9-30 kg/m2) 1129 (32.2) 935 (33.4) 194 (27.9) 5.4
Obese (BMI >30 kg/m2) 1250 (35.4) 866 (31.1) 384 (50.9) 8.5
Femoral neck bone mineral density4 - n (%) 2789 (617) 2239 (441) 550 (176) <0.0001 <0.0001
Normal 2104 (73.1) 1745 (75.9) 359 (61.9) 4.5
Osteopenia 658 (25.9) 477 (23.2) 181 (36.5) 7.8
Osteoporosis 27 (1.0) 17 (0.8) 10 (1.6) 16.9
Alcohol consumption5 - n [missing] 3160 [246] 2469 [211] 691 [35] 0.0088 0.0596
Light consumption 2353 (71.4) 1807 (70.2) 546 (76.0) 6.5
Moderate consumption 491 (16.8) 397 (17.2) 94 (15.5) 3.9
Vigorous consumption 316 (11.8) 265 (12.7) 51 (8.6) 3.7
Total cholesterol (mg/dL) - n [missing]
(mean ± standard deviation)

3396 [10]
(199.1 ± 1.0)

2673 [7]
(198.0 ± 1.0)

723 [3]
(202.8 ± 1.6) 0.0166 0.0205

Total cholesterol concentration < 200 mg/dL 1889 (54.5) 1501 (55.1) 388 (52.4) 6.6
Total cholesterol concentration >=200 mg/dL 1507 (45.5) 1172 (44.9) 335 (47.6) 4.4
Glucocorticoids intake - n [missing] 3378 [28] 2660 [20] 718 [8]   <0.0001 <0.0001
Yes 49 (1.4) 25 (0.9) 24 (3.4) 5.4
No 3329 (98.6) 2635 (99.1) 694 (96.6) 21.1
Anticonvulsants intake- n (%) 3378 [28] 2660 [20] 718 [8] <0.0001 <0.0001
Yes 140 (4.3) 69 (2.7) 71(10.1) 5.1
No 3238 (95.7) 2591 (97.3) 647 (89.9) 16.7
Vitamin D supplementation- n (%) 3404 [2] 2678 [2] 726 [0] 0.2388 0.0181
Yes 1129 (38.9) 866 (38.4) 263 (41.0) 6.3
No 2275 (61.1) 1812 (61.6) 463 (59.0) 4.7
Monthly dose of vitamin D supplementation (IU)6 - n 
[missing]
(mean ± standard deviation)

3390 [16]
(4049.0 ± 265.3)

2667 [13]
(3794.2 ± 238.0)

723 [3]
(4987.1 ± 731.4) 0.12 0.258

Dose < 12000 IU 2888 (82.2) 2304 (83.5) 584 (77.7) 5. 5
Dose > = 12000 IU 495 (17.8) 363 (16.5) 139 (22.3) 6.4
Vitamin D serum concentration- n (%) 3406 [0] 2680 [0] 726 [0] 0.1146 0.0015
<20 ng/mL 1600 (35.7) 1251 (35.0) 349 (38.4) 7.8
>= 20 ng/mL 1806 (64.3) 1429 (65.0) 377 (61.6) 4.5
Cardiovascular diseases7- n (%) 3406 [0] 2680 [0] 726 [0] <0.0001 NA8

Yes 241 (5.7) 114 (3.4) 127 (14.1) NA
No 3165 (94.3) 2566 (96.6) 599 (85.9) NA

Table 1. Selected characteristics of subjects1.

1All values are weighted.
2Statistical significance level: 0.05 for the comparison between both groups (arthritis versus non-arthritis); chi2 test for categorical variables and Student’s t test for continuous variables.
3Prevalence of cardiovascular diseases with the p value of a chi square test that highlights the bivariate association of cardiovascular diseases with each of the participant characteristics.
4Normal when for men the femoral neck bone mineral density is >0.79 gm/cm2, and for women >0.74 gm/cm2 Osteopenia when for men the femoral neck bone mineral density is between 
0,59 and 0.79 gm/cm2, and for women between 0.56 and 0.74 gm/cm2 Osteoporosis when for men the femoral neck bone mineral density is <0.59 gm/cm2 and for women <0.56 gm/cm2

5Light alcohol consumption: M: <= 3 drinks per week- F: <= 3 drinks per week Moderate alcohol consumption: M: between 3 and 14 drinks per week- F: between 3 and 7 drinks per week 
Vigorous alcohol consumption: M: more than 14 drinks per week- F: more than 7 drinks per week
6IU: International Units
7Includes congestive heart failure, coronary heart disease, angina/angina pectoris, heart attack, and stroke
8NA: Not Applicable for this table
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Discussion
Using data from a nationwide survey, we found a statistically 

significant association between arthritis and CVD. However, 
this association was not different according to serum vitamin D 
concentrations nor sex in multivariate analyses.

The association between arthritis and CVD has been reported 
previously in several studies [7,8,31,32] as well as the confounding effect 
of some factors such as age and sex, obesity, vitamin D consumption 
and its serum concentration, total cholesterol concentration, and the 
administration of anticonvulsants [7-9,31].

Vitamin D serum concentration, involved in the inflammatory 
process [16,42], could provide better understanding of the mechanism 
behind the association between arthritis and CVD. The concentrations 
of 25(OH)D have been shown to decline during health disorders 
characterized by inflammation and are inversely correlated to 
inflammatory biomarkers such as C-reactive protein [16]. However, 
even if low 25(OH)D concentrations have been shown to be associated 
with several diseases such as arthritis and CVD, firm conclusions on 
vitamin D association with health disorders cannot be drawn because 
these associations were based on observational studies [34].

Our study was conducted on a large sample, representative of the 
U.S. population that provided high statistical power. The availability 
of serum vitamin D measures was a particularly interesting feature, 
providing more valid information than the usual dietary recalls.

There are some limitations that need to be discussed. The first 
one relates to the design of our study. Being cross-sectional, no 
causal relationship could be confirmed between arthritis and CVD. 
Another limitation is linked to the fact that 355 eligible subjects were 
eliminated from the study sample because of missing data related to 
physical examination and vitamin D status. According to NHANES, 
missing values are randomly distributed; however, the difference in 
the prevalence of arthritis between the study participants and the non-
participants could reflect that arthritic subjects were more involved 
in the survey and blood collection than non-arthritic ones. To create 
an important selection bias, differences between both groups should 
be related not only to the exposure but also to the outcome. After 
comparing CVD prevalence between both groups, we did not notice 
a considerable difference, which brings us to conclude that the risk of 
selection bias is not high.

Both the dependent and the primary independent variables were 
reported pointing to possible misclassification. The fact of measuring 
simultaneously the exposure and outcome with reported measures 
may introduce a common method bias, generating an overestimation 
of the association between arthritis and CVD. Another source of non-
differential misclassification exists: NHANES data provide a global 
measure for the arthritis disease; the term “arthritis” was not specific 
and included osteoarthritis, rheumatoid arthritis, spondylarthritis, 
psoriatic arthritis, etc. Inflammatory arthritis was not clearly defined 
nor measured. The disease was considered in general, and participants 
with inflammatory arthritis were not separated from those with 
non-inflammatory conditions. Also, data were derived from a 
survey conducted in 2005-2006 and results may be different due to 
advancements in arthritis treatment.

As for confounding, we have identified several potential 
confounders in the literature [8,16,31,32,34,43], though we were not 
able to fully control for all of them. The presence of osteoporosis [44] 
and alcohol consumption [5] were potential confounders, but we 
were not able to include these variables in our models because of the 
important number of missing values. In addition, HIV medications 
affect the vitamin D metabolism and blood absorption [35,45] and 
should have been considered as potential confounders for our analysis; 
however, these data were private in NHANES. Since HIV prevalence in 
the adults and adolescents US population was only 0.45% at the end of 
2006 [46], we assume that this would not have caused big changes in our 
final estimates. Last, we were not able to get detailed data concerning 
the vitamin D daily consumption, and data related to the participant’s 
daily sunlight exposure was not available, so we could not include those 
variables as potential confounders.

In order to prevent statistical overadjustment, we removed some 
variables (administration of vitamin D and its monthly dose) from 
the regression models, to test the changes on the estimates and their 
precision. No major changes were noticed; the associations remained 
almost the same, so we kept them in our model, and we can confirm 
that our results were not affected by major overadjustment.

Multicollinearity between variables was tested before performing 
the regressions, and all correlation coefficients were neither larger than 
0.9 nor smaller than -0.9; we thus conclude that multicollinearity was 
not important in our models.

Men Women Ratio of OR (Men vs Women)2

OR or ROR (95% CI)3 p-value OR or ROR (95% CI) p value ROR (95% CI) p-value
UNADJUSTED
Vitamin D <20 ng/ml concentration 4.8 (3.0 - 7.7) <0.0001 3.6 (2.0 - 6.6) <0.0001 _- _-
Vitamin D ≥20 ng/ml concentration 4.2 (2.9 - 6.2) <0.0001 7.3 (3.0 - 17.4) <0.0001   -   -
Ratio of OR (<20 ng/ml /≥20 ng/ml) [2] 1.1 (0.7 - 1.8) 0.5817 0.5 (0.3 - 1.0) 0.0367 2.3 (1.2 - 4.5) 0.0161
ADJUSTED4

Vitamin D <20 ng/ml concentration 1.7 (1.0 - 3.0) 0.0508 2.1 (0.9 - 5.1) 0.1074 _- _-
Vitamin D ≥20 ng/ml concentration 2.1 (1.3- 3.4) 0.0017 3.1 (1.1 - 9.0) 0.0361 _- _-
Ratio of OR (<20 ng/ml /≥20 ng/ml)5 0.8 (0.5 - 1.5) 0.5008 0.7 (0.3 - 1.5) 0.3457 1.1 (0.5 - 3.1) 0.6796

9All values are weighted with the full sample 2-year interview weight and the full sample 2-year MEC exam weight.
10Combined effect modification of vitamin D and sex; interaction term (arthritis*sex*vitamin D).
11OR (95% CI): Odds Ratios with 95% confidence interval; ROR (95% CI): Ratio of OR with 95% confidence interval.
12Adjusted for age, supplementation of vitamin D and its monthly dose, body mass index, administration of anticonvulsants, total cholesterol concentration, and main effect of vitamin D 
serum concentration and sex.
13Effect modification by vitamin D concentration; interaction term: (arthritis*vitamin D).
14P-value for combined effect-modification

Table 2. Results of bivariate and multivariate analyses on the association between arthritis and cardiovascular diseases by sex and vitamin D concentration (n=3406)1.
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From a clinical perspective, the CVD risk among arthritic 
patients should be taken more seriously and better CVD preventive 
interventions should be undertaken. However, since we have not 
found any effect modification by sex and vitamin D on the association 
between arthritis and CVD, we cannot conclude to the usefulness 
of vitamin D administration as part of the management for patients 
suffering from inflammatory arthritis to prevent CVD. This is in-line 
with some meta-analyses that have confirmed a lack of association 
between vitamin D deficiency and several diseases [16,34] and there are 
no universal recommendations related to the daily intake of vitamin D 
supplementation [34]. It is difficult to conclude concerning the vitamin 
D supplementation effect because vitamin D absorption differs among 
people, and optimal levels of vitamin D concentrations are not the same 
for all outcomes [34].

The study of a shared cause for inflammatory arthritis and CVD 
should continue with prospective designs and more specific measures 
of both arthritis and CVD. Furthermore, information on exposure to 
sunlight would contribute to enhance the internal validity of results. 

Conclusions
The association between arthritis and CVD is not modified by 

serum vitamin D concentrations nor sex. Prospective studies with more 
specific definitions of inflammatory arthritis and CVD are needed to 
shed more light on modifiable common risk factors of arthritis and 
CVD.
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