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Background: Rheumatoid arthritis (RA) and metabolic syndrome (Mets) are considered to be diseases with com-
mon traits that can increase the risk of cardiovascular disease incidence; studies in other countries examined the 
relationship between these diseases. However, existing studies did not show consistent results. In the present study, 
the relationship between RA and Mets in Koreans was examined using the data of the 4th and 5th Korea National 
Health and Nutrition Examination Survey (KNHANES).
Methods: The present study used the data of the 4th and 5th KNHANES, conducted between 2007 and 2012. 
Among 25,812 adults aged over 40, 19,893 were selected as study subjects, excluding 5,919 who did not have vari-
able information needed for the analysis. T-test and chi-square test were used for the analysis of related variables. 
To determine the relationship between diagnostic status of RA and Mets, multivariate logistic regression analysis 
was performed by controlling confounding variables, which were selected through literature review and statistical 
analysis.
Results: Multivariate logistic regression analysis was conducted to examine the relationship between diagnostic 
status of RA and Mets. When age, education level, average monthly household income, smoking, alcohol con-
sumption, and level of physical activity were adjusted, the prevalence of Mets was lower in RA patients (adjusted 
odds ratio [aOR], 0.79; 95% confidence interval [CI], 0.65 to 0.96). Multivariate logistic regression analysis was per-
formed to examine the relationship between treatment status of RA and Mets. When age, education level, average 
monthly household income, smoking, alcohol consumption, and level of physical activity were adjusted, there was 
a significant negative correlation in women (aOR, 0.65; 95% CI, 0.44 to 0.96).
Conclusion: The relationship between RA and Mets showed a significantly negative correlation in Korean women. 
The group that received RA treatment showed significantly lower prevalence of the Mets as compared to the un-
treated group in Korean RA women.
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INTRODUCTION

Rheumatoid arthritis has a prevalence rate of approximately 
0.5% to 1%, although it differs according to race and region, 
and occurs 5 times more frequently in women than in men.1) It 
is a chronic autoimmune disease causing pain, deformity, and 
impairment of certain joints, as well as concurrent systemic in-
flammatory responses. According to a study, rheumatoid ar-
thritis is known to be a disease that does not simply target 
joints, but also causes a systemic inflammatory response in the 
lungs, heart, and kidneys.2) Cytokines such as tumor necrosis 
factor-α, interleukin (IL)-6, and IL-1 are produced in tissues 
within joints, the initial point of inflammation; these are secret-
ed into the systemic circulation, and increase insulin resistance 
by acting on adipose tissue, skeletal muscles, the liver, and the 
endangium, and trigger dyslipidemia and inactivation and de-
struction of the endangium.3,4) Arteriosclerosis, among inflam-
matory responses acting systemically, increases the risk of car-
diovascular diseases and largely affects the survival rate of pa-
tients. According to a study by Avina‐Zubieta et al.,5) the mor-
tality rate from cardiovascular disease was 1.5 times higher in 
rheumatoid arthritis patients than in the general population.
 Metabolic syndrome is a group of risk factors for type 2 dia-
betes and cardiovascular diseases, including insulin resistance, 
abdominal obesity, dyslipidemia, hypertension, and impaired 
fasting glucose, incorporated into a single disease group, and is 
used as a predictor of life expectancy.6) Although there are 
slight differences depending on the criteria used by various au-
thors, Ford et al.7) reported that the prevalence rate of metabol-
ic syndrome in the USA is 34.3%, with mortality in patients with 
associated cardiovascular disease being 3 times higher than in 
those without metabolic syndrome.8)

 A study conducted on Koreans showed that the prevalence 
rate of metabolic syndrome increased from 24.9% in 1998 to 
31.3% in 2007. The causes of this increase are likely due to an 
increase in Western dietary habits and a decreased level of 
physical activity. Because the increased prevalence of meta-
bolic syndrome threatens public health and increases medical 
costs, correcting lifestyle and metabolic syndrome indices in 
these patients is critical.9)

 Rheumatoid arthritis and metabolic syndrome are consid-
ered to be diseases with common traits that can increase the 
risk of cardiovascular disease incidence; studies in other coun-
tries examined the relationship between these diseases.10) Ac-
cording to a meta-analysis by Zhang et al.,10) there was a corre-
lation between rheumatoid arthritis and metabolic syndrome 
in 12 observational studies; when regionally examined, there 
was a positive correlation in studies using data from North 
America, but this was not significant when Asian research data 
were analyzed. In a study of a patient control group using do-
mestic data by Lee et al.,11) the association between rheuma-

toid arthritis and metabolic syndrome showed no significant 
correlation (adjusted odds ratio [aOR], 1.22; 95% confidence 
interval [CI], 0.58 to 1.24).
 There have been no studies analyzing the relationship be-
tween these two diseases in Koreans using a large-scale data-
base such as the Korea National Health and Nutrition Exami-
nation Survey (KNHANES). In the present study, the relation-
ship between rheumatoid arthritis and metabolic syndrome in 
Koreans was examined using the data of the 4th and 5th 
KNHANES.

METHODS

The KNHANES extracts approximately 10,000 populations 
from 20 households in 192 regions using systematic sampling, 
and conducts examination, health questionnaire, and nutrition 
surveys. In the examination survey, the prevalence of chronic 
diseases such as obesity, hypertension, diabetes, and dyslipid-
emia is determined through physical and blood pressure mea-
surement, and muscle strength, blood, and urine testing. The 
health questionnaire is divided into a survey conducted by ex-
aminers through individual interviews, and it is used to collect 
data on education level, economic activity, morbidity, medical 
use, and quality of life; and a self-administered health behavior 
survey on smoking, alcohol consumption, and mental health. 
A nutrition survey includes questions about food consumption 
one day before the survey.12)

 The present study used the data of the 4th and 5th KNHANES, 
conducted between 2007 and 2012. Among 25,812 adults aged 
over 40, 19,893 were selected as study subjects, excluding 5,919 
who did not have variable information needed for the analysis. 
The 5,919 adults who were excluded from the study included 

Participants aged 40 or more 
in the KNHANES IV-V*

(n= 25,812)

Rheumatoid arthritis patients 
(n= 598)

Study population 
(n= 19,893)

Healthy control (n= 19,295)

Participants who did not 
have proper data

(n= 5,919 excluded)

Figure 1. Flow diagram of inclusion or exclusion of study participants. KNHANES, 
Korean National Health and Nutrition Examination Survey. *The 4th and 5th KNHANES 
2007–2012. 
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2,678 who did not have data for each component of the meta-
bolic syndrome, 401 who did not report diagnostic status of 
rheumatoid arthritis, and 2,840 whose surveys for confounding 
variables such as education level, average monthly household 
income, physical activity, smoking, and alcohol consumption 
were missing (Figure 1).

1. Establishment of Related Variables
Among health behavior-related variables, physical activity was 
classified following the guideline of the 2005 International 
Physical Activity Questionnaire (2005 IPAQ guideline). Based 
on the guideline, the high-level physical activity group was de-
fined as performing vigorous physical activity more than 3 days 
a week at an exercise level of 1,500 metabolic equivalent (MET)
s, or more than 3,000 METs of exercise level including walking 
and moderate or vigorous-intensity exercise more than 7 days 
a week. The moderate-level physical activity group was defined 
as performing intense activity more than 20 minutes more than 
3 days a week, performing moderate intensity exercise or walk-
ing for more than 30 minutes each time and more than 5 days a 
week, or achieving 600 MET of exercise level with walking or 
activity with moderate or vigorous intensity. The low-level 
physical activity group was defined as not belonging either of 
the two other groups.13)

 The subjects were divided into nonsmokers, past smokers, 
and current smokers. Alcohol consumption was divided into 4 
groups according to the average amount of alcohol (g/d) con-
sumed daily by subjects through analysis of a self-administered 
survey from KNHANES: none (less than 1 g/d), light (1–14.99 
g/d), moderate (15–29.99 g/d), and heavy (above 30 g/d).14)

 Metabolic syndrome was defined as having 3 or more of the 
following, according to the definition of the American Heart 
Association/National Heart Lung and Blood Institute: waist 
circumference above 90 cm for men and above 85 cm for 
women; blood triglycerides higher than 150 mg/dL; high den-
sity lipoprotein cholesterol below 40 mg/dL for men and below 
50 mg/dL for women; systolic blood pressure higher than 130 
mm Hg or diastolic blood pressure higher than 85 mm Hg, or 
when diagnosed with hypertension; and fasting blood glucose 
higher than 100 mg/dL, or when diagnosed with diabetes.15,16) 
In the present study, the current diagnostic status of rheuma-
toid arthritis, as determined by a physician, was set as an out-
come variable to minimize error due to self-reporting.

2. Analytical Methods and Statistics
STATA ver. 13.1 for Windows (Stata Co., College Station, TX, 
USA) was used for statistical analysis. T-test and chi-square test 
were used for the analysis of related variables. To determine the 
relationship between diagnostic status of rheumatoid arthritis 
and metabolic syndrome, multivariate logistic regression analy-
sis was performed by controlling confounding variables, which 

were selected through literature review and statistical analysis.

RESULTS

Of 19,893 study subjects, there were 8,224 men and 11,669 wo-
men; 1.4% (110) of men and 4.2% (488) of women had rheuma-
toid arthritis. The average age was 63.6 for patients with rheu-
matoid arthritis and 58.4 for the control group. Among sociode-
mographic variables and health risk factors, age, education lev-
el, physical activity, alcohol consumption, and smoking showed 
a significant difference, while among metabolic syndrome in-
dices, waist circumference, systolic blood pressure, diastolic 
blood pressure, and fasting blood glucose showed a significant 
difference (Table 1).
 Multivariate logistic regression analysis was conducted to 
examine the relationship between diagnostic status of rheuma-
toid arthritis and metabolic syndrome. When age was adjusted 
in women, there was a negative correlation (aOR, 0.82; 95% CI, 
0.67 to 0.99) When age, education level, average monthly 
household income, smoking, alcohol consumption, and level 
of physical activity were adjusted, the prevalence of metabolic 
syndrome was lower in rheumatoid arthritis patients (aOR, 
0.79; 95% CI, 0.65 to 0.96). No significant correlation was ob-
served in men (Table 2).
 Of 598 patients diagnosed with rheumatoid arthritis, the av-
erage age was 65.8 for 218 patients with metabolic syndrome 
and 62.4 for 380 patients without metabolic syndrome. There 
were differences in age, body mass index (BMI), level of physi-
cal activity, alcohol consumption, smoking, and treatment sta-
tus of rheumatoid arthritis; differences were especially signifi-
cant according to age and BMI (Table 3).
 Multivariate logistic regression analysis was performed to 
examine the relationship between treatment status of rheuma-
toid arthritis and metabolic syndrome. When age was adjusted 
in women, there was a negative correlation (odds ratio [OR], 
0.66; 95% CI, 0.45 to 0.97); when age, education level, average 
monthly household income, smoking, alcohol consumption, 
and level of physical activity were adjusted, there was a signifi-
cant negative correlation in women (aOR, 0.65; 95% CI, 0.44 to 
0.96). No significant correlation was observed in men (Table 4).

DISCUSSION

This study is the first to examine the relationship between 
rheumatoid arthritis and metabolic syndrome in Koreans us-
ing data from KNHANES. Our study showed that prevalence of 
metabolic syndrome was significantly lower in female patients 
with rheumatoid arthritis than in the control group, when age, 
education level, average monthly household income, smoking, 
alcohol consumption, and level of physical activity were ad-
justed. This is in contrast with a study result by da Cunha et 
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Table 3. Characteristics of RA patient         

Characteristic
Total (n = 598 )

P-value*
Male (n = 110)

P-value*
Female (n = 488)

P-value*
MetS (n = 218) No MetS (n = 380) MetS (n = 38) No MetS (n = 72) MetS (n = 180) No MetS (n= 308)

Age (y) 65.8±10.2 62.4±10.9 < 0.001 63.1±12.6 62.9±10.0 0.931 66.4±9.5 62.2±11.1 < 0.001
BMI (kg/m2) 25.5±3.1 22.9±2.8 < 0.001 25.6±2.5 22.7±2.4 < 0.001 25.5±3.2 23.0±2.9 < 0.001
Level of physical activity†

Low
Moderate
High

  
93 (42.7)
90 (41.3)
35 (16.1)

  
173 (45.5)
128 (33.7)
79 (20.8)

0.130   
16 (42.2)
18 (47.4)
4 (10.5)

  
34 (47.2)
24 (33.3)
14 (19.4)

0.268   
77 (42.8)
72 (40.0)
31 (17.2)

  
139 (45.1)
104 (33.7)
65 (21.1)

0.327

Alcohol consumption‡

None
Light
Moderate
Heavy

  
161 (73.9)
39 (17.9)
10 (4.6)
8 (3.7)

  
280 (73.7)
62 (16.3)
18 (4.7)
20 (5.3)

0.811   
16 (42.1)
12 (31.6)
4 (10.5)
6 (15.8)

  
22 (45.8)
14 (19.4)
10 (13.9)
15 (20.8)

0.536   
145 (80.6)
27 (15.0)
6 (3.3)
2 (1.1)

  
247 (80.2)
48 (15.6)
8 (2.6)
5 (1.6)

0.930

Smoking
Never
Past
Current

  
167 (76.6)
29 (13.3) 
22 (10.1)

  
290 (76.3)
58 (15.3)
32 (8.4)

0.672   
6 (15.8)

20 (52.6)
12 (31.6)

  
8 (11.1)

41 (56.9)
23 (31.9)

0.774   
161 (89.4)

9 (5.0)
10 (5.6)

  
282 (91.6)
17 (5.5)
9 (2.9)

0.344

RA treatment
Yes
No

  
86 (39.5)

132 (60.6)

  
171 (45.0)
209 (55.0)

0.187   
17 (44.7)
21 (55.3)

  
30 (41.7)
42 (58.3)

0.757   
69 (38.3)

111 (61.7)

  
141 (45.8)
167 (54.2)

0.109

Values are presented as mean± standard deviation or number (%). BMI was calculated as weight in kilograms divided by height in meters squared.   
RA, rheumatoid arthritis; MetS, metabolic syndrome; BMI, body mass index; MET, metabolic equivalent.      
*From a T-test for continuous outcomes and chi-square test for binary outcomes comparing a difference between any of the 2 study groups. †Categorical variable from the 
International Physical Activity Questionnaire Research Committee: low, no activity is reported or some activity is reported but not enough to meet categories 2 or 3; moderate, 
either of the following 3 criteria (3 or more days of vigorous activity of at least 20 minutes per day; 5 or more days of moderate-intensity activity and/or walking of at least 30 
minutes per day; 5 or more days of any combination of walking, moderate-intensity, or vigorous intensity activities achieving a minimum of at least 600 MET-minutes/wk); high, 
any one of the following 2 criteria (vigorous-intensity activity on at least 3 days and accumulating at least 1,00 MET-minutes/wk; 7 or more days of any combination of walking, 
moderate- or vigorous-intensity activities accumulating at least 3,000 MET-minutes/wk. ‡None < 1, light 1–14.99, moderate 15–29.99, and heavy ≥ 30 g/d.

Table 4. Multiple logistic regression to assess the relationship between Mets and RA treatment       

Total No Mets Mets
Unadjusted Adjusted* Adjusted†

OR (95% CI) aOR (95% CI) aOR (95% CI)

RA patient 598 380 218
Total No treatment

RA treatment
341
257

209
171

132
86

1
0.80

  
(0.57–1.12)

1
0.71

  
(0.50–1.01)

1
0.70

  
(0.49–0.99)

Male No treatment
RA treatment

63
47

42
30

21
17

1
1.13

  
(0.51–2.50)

1
1.13

  
(0.49–2.61)

1
0.97

  
(0.39–2.39)

Female No treatment
RA treatment

278
210

167
141

111
69

1
0.74

  
(0.51–1.07)

1
0.66

  
(0.45–0.97)

1
0.64

  
(0.43–0.95)

Mets, metabolic syndrome; RA, rheumatoid arthritis; OR, odds ratio; CI, confidence interval; aOR, adjusted odds ratio.     
*Adjusted for age and sex in total; adjusted for age in male and female. †Adjusted for age, sex, education level, household income, smoking status, alcohol consumption, and 
level of physical activity in total; adjusted for age, education level, household income, smoking status, alcohol consumption, and level of physical activity in male and female.

Table 2. Multiple logistic regression to assess the relationship between MetS and RA        

No RA RA
Unadjusted Adjusted* Adjusted†

OR (95% CI) aOR (95% CI) aOR (95% CI)

Total No MetS
MetS

12,647
6,648

380
218

1
1.09

  
(0.92–1.29)

1
0.85

  
(0.72–1.02)

1
0.82

  
(0.69–0.98)

Male No MetS
MetS

5,312
2,802

72
38

1
1

  
(0.67–1.49)

1
0.98

  
(0.66–1.45)

1
0.97

  
(0.65–1.45)

Female No MetS
MetS

7,335
3,846

308
180

1
1.11

  
(0.92–1.35)

1
0.82

  
(0.67–0.99)

1
0.79

  
(0.65–0.96)

MetS, metabolic syndrome; RA, rheumatoid arthritis; OR, odds ratio; CI, confidence interval; aOR, adjusted odds ratio.     
*Adjusted for age and sex in total; adjusted for age in male and female. †Adjusted for age, sex, education level, household income, smoking status, alcohol consumption, and 
level of physical activity in total; adjusted for age, education level, household income, smoking status, alcohol consumption, and level of physical activity in male and female.

al.17) (OR, 2.01; 95% CI, 1.36 to 2.98), and study results conduct-
ed in the USA and Europe, in which the prevalence of metabol-

ic syndrome was higher in patients with rheumatoid arthritis. 
However, in a comparison with 5 studies conducted in Asia 
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(OR, 0.99; 95% CI, 0.80 to 1.24), the prevalence of metabolic 
syndrome was not significant in patients with rheumatoid ar-
thritis in some studies, because of inconsistently reported re-
sults.11,18-21) Therefore, the results of this study, the relationship 
between the two diseases in Koreans, was close to the results of 
studies were performed in Asia.
 The relationship between the treatment status of rheuma-
toid arthritis and metabolic syndrome was analyzed as a sub-
category, and multivariate logistic regression analysis after ad-
justing for age, education level, average monthly household in-
come, smoking, alcohol consumption, and level of physical ac-
tivity showed a significant negative correlation in women (aOR, 
0.65; 95% CI, 0.44 to 0.96). This result is consistent with the 
study result by Toms et al.,22) which showed that the prevalence 
of metabolic syndrome was lower in a group of patients with 
rheumatoid arthritis who used methotrexate (MTX; OR, 0.52; 
95% CI, 0.33 to 0.81). MTX causes changes in extracellular con-
centration of adenosine, and the subsequent anti-inflammato-
ry action of adenosine increases the effect of insulin, which af-
fects glucose transport and metabolism, and alters lipid me-
tabolism. It was also hypothesized that activity of adenosine 
would prevent arteriosclerosis.22) However, this is still contro-
versial, as another study claims that administration of MTX 
does not reduce the incidence of metabolic syndrome in pa-
tients with rheumatoid arthritis.23)

 As previously stated, the inflammatory response initiated in 
joint tissues in rheumatoid arthritis patients is known to act on 
adipose tissue, skeletal muscle, the liver, and the endangium 
through the systemic circulation, and increases the prevalence 
of cardiovascular disease through increased insulin resistance, 
dyslipidemia, and destruction/transformation of the endangi-
um. Therefore, efforts to prevent cardiovascular disease are 
crucial in patients with rheumatoid arthritis. When the level of 
physical activity was compared in the present study, the per-
centage of exercise higher than moderate level according to the 
IPAQ classification was 55.5% in patients with rheumatoid ar-
thritis and 60.6% in the control group, showing that the level of 
physical activity was significantly lower in patients with rheu-
matoid arthritis (P=0.004). Although the level of physical activ-
ity plays an important role in the life expectancy for all adults, a 
decrease in physical activity in patients with rheumatoid ar-
thritis is an especially important risk factor that can lead to in-
creased mortality from cardiovascular disease, and interven-
tion is deemed necessary from a treatment perspective.1,24)

 The BMI was 23.8 kg/m2 in the patient group with rheuma-
toid arthritis and 24.0 kg/m2 in the control group, showing no 
significant difference; however, waist circumference was 82.0 
cm in the patient group with rheumatoid arthritis, showing a 
significant decrease compared to 82.9 cm in the control group 
(P =0.019). According to Kerekes et al.,25) BMI as well as the 
amounts of subcutaneous and visceral fat show a tendency to 

increase at an early stage in rheumatoid arthritis; however, the 
BMI and the amount of subcutaneous fat decrease, and only 
the amount of visceral fat increases, which leads to ‘skinny obe-
sity’ at a stage when activity of disease becomes higher and re-
sistance to treatment develops.26,27) Based on this, it is believed 
that abdominal circumference and blood pressure decrease 
depending on the severity of rheumatoid arthritis, and there-
fore, it may show a negative correlation in the relationship with 
metabolic syndrome.
 The present study has a limitation as an observational study, 
in that a causal relationship between variables cannot be de-
termined. In addition to independent variables such as rheu-
matoid arthritis and metabolic syndrome, whether the con-
founding variables used for the analysis of health behavior in 
study subjects, such as smoking, alcohol consumption, and 
level of physical activity, were preexisting health behaviors or 
changes that occurred after morbidity of disease, could not be 
determined. Furthermore, as the type of treatment was not 
clearly described, it was difficult to analyze the correlation be-
tween metabolic syndrome and the treatment status with a 
particular therapeutic agent. Because the severity of rheuma-
toid arthritis in each patient could not be determined from the 
KNHANES data alone, it was unclear in the analysis of physical 
activity in patients with rheumatoid arthritis which factors af-
fected the decrease in physical activity.
 If instruments that can objectively evaluate the severity of rheu-
matoid arthritis, such as DAS28 (Disease Activity Score 28) or 
HAQ-DI (Health Assessment Questionnaire-Disability Index for 
rheumatoid arthritis) are included in a future study, determining 
the relationship of metabolic syndrome with severity of disease, 
level of physical activity, and morbidity may be possible.17)

 Despite these limitations, the prevention of cardiovascular 
disease and removal of risk factors are as important as studies 
on the relationship between metabolic syndrome and rheuma-
toid arthritis in extending the life span of patients with rheuma-
toid arthritis. The present study investigated an association be-
tween the two diseases using the KNHANES data, which has 
not previously been reported. We confirmed that the preva-
lence of metabolic syndrome among patients with rheumatoid 
arthritis was lower in the group who received treatment than in 
those who did not. In the future, through studies of patient 
control groups and cohort studies, the effects of specific thera-
peutic agents such as MTX on the incidence of metabolic syn-
drome in rheumatoid arthritis need to be examined.
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