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Objective. We investigated Asian mitochondrial DNA (mtDNA) haplogroups associated with knee osteoarthritis (OA) pro-
gression in a prospective community-based cohort comprised of Koreans. Methods. Epidemiologic data and Kellgren-Lawrence
(K/L) scores of knee radiographs were obtained from the second (2005 ~ 2006) and sixth (2013 ~2014) follow-up, and patient
DNA was analyzed. The mtDNA haplogroup frequencies (M, G, D, D4, D5, M7, M8, M9, M10, N, A, N9, R, F, and B) were
compared between the progression (K/L score change on either knee =2 or arthroplasty) and non-progression (K/L score
change on both knee < 1) groups at the sixth follow-up. Multiple logistic regression was performed to determine relative risk
(RRs) of mtDNA haplogroups for OA. Results. In total, 1,115 participants were included, 405 of whom had early OA (higher
K/L score on both knees of 1 or 2). Among them, 143 and 166 patients were classified in non-progression and progression
groups, respectively, at the sixth follow-up. The most frequent haplogroups, B and D4, in Koreans also showed a high frequency
in our study. There were no significantly different haplogroups between the non-progression and progression groups. However,
the frequency of haplogroup D4 was likely higher in the non-progression group than in the progression group, although not sig-
nificantly (13.3% vs. 7.2%, RR=0.51, p=0.081 in the unadjusted model and RR=0.56, p=0.149 in the adjusted model).
Conclusion. No significant haplogroups are related to OA progression. Large-scaled studies are needed to reveal the association
between mtDNA haplogroups and OA. (J Rheum Dis 2020;27:168-173)
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INTRODUCTION

Osteoarthritis (OA) is the most common degenerative
disease related to the degradation of articular cartilage.
Many studies have been performed to evaluate the rela-
tionship between OA and mitochondrial DNA (mtDNA).
Changes in intracellular signals such as in mitochondrial
respiratory chain activity in chondrocytes may be asso-
ciated with degenerative changes in cartilage affected by
low-grade chronic inflammation [1].

In a previous study, we examined whether mtDNA hap-

logroup B contributed to the development of knee OA in
Koreans, measured as radiologic changes for approx-
imately 8 years in a large-scale prospective cohort [2].
Identifying the relationship between the haplogroup of
mitochondria and development of OA is important for
identifying the risk factors of chronic disease [3-8].
However, considering the nature of OAs, which are char-
acterized by very long-term changes, it is also important
to identify factors that can predict which patients with
OA are experiencing rapid OA progression.

Various cohort studies have reported that specific
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mtDNA haplogroups are also associated with the radio-
graphic progression of OA [9-11]. They suggested that
haplogroups associated with progression differed from
the mtDNA haplogroup involved in OA development.
Therefore, to determine which mtDNA haplogroups are
associated with OA progression in Koreans, we developed
a new study design based on a previous study protocol
[2].

The aim of this study was to investigate Asian mtDNA
haplogroups associated with the progression of knee OA
in participants in a prospective ongoing community-
based cohort in Korea.

MATERIALS AND METHODS

Study design and participants

As described in our previous study [2], we used the
Ansung cohort of an ongoing, prospective cohort study
that is part of the Korean Genome and Epidemiology
Study [12]. In the present study, mtDNA haplogroups re-
lated to the progression of OA were examined by modify-
ing the experimental design of the previous study. Briefly,
epidemiologic data and Kellgren-Lawrence (K/L) scores
of the knee radiographs were obtained from the second
follow-up (2005~2006) and sixth follow-up (2013~
2014) of this cohort. The K/L scores were measured by an
orthopedist (KKI) and radiologist (SY) at the second fol-
low-up visit with excellent inter-observer correlation co-
efficients and by a radiologist (SY) at the sixth follow-up
visit with excellent intra-observer correlation coefficients
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[13]. The institutional review boards of all involved in-
stitutions approved this study (approval no. HYUH
2015-12-022).

Overall, there were 5,018 participants, and we obtained
DNA samples from 1,115 participants (Figure 1). We de-
fined early OA as a higher K/L score for both knees of 1 or
2 at the second follow-up to identify progression, rather
than as a criterion for the development of OA, as in pre-
vious studies of the association between mtDNA and OA
development [11]. Among the participants, 405 met the
definition of early OA at the second follow-up and were
divided into two groups: K/L score change <1 in both
knees (non-progression group, n=143) and K/L score
change =2 in either knee or arthroplasty (progression
group, n=166) at the sixth follow-up. All missing values
for the K/L score at the sixth follow-up were excluded
(n=96).

mtDNA haplogroup genotyping

Blood samples were stored in the Korea Biobank
Network, Center for Disease Control at the second fol-
low-up visit (2005~2006). Asian mtDNA haplogroups
(M, G, D, D4, D5, M7, M8, M9, M10, N, A, N9, R, E and
B) were determined by multiplex mutagenetically sepa-
rated polymerase chain reaction. Single-nucleotide poly-
morphisms at positions 15043, 4833, 4883, 3010, 1107,
9824, 7196, 4491, 13152, 10873, 8794, 5417, 12705, and
6392 and a 9-base pair deletion at position 8281 to 8289
were selected and analyzed as described by Lee et al. [14].

Recruitment

{

5,018 participants

1,115 participants
DNA sample available

Second follow-up
(2005~2006)

KI/L score in both knee 0
(n=572)

both knee 1 or 2

(n=405)

The higher K/L score in

(early osteoarthritis)

The higher K/L score in
both knee 3 or 4
(n=97)

Arthroplasty Missing of K/L score
(n=25) (n=16)

Non-progression group
K/L score change in both
knee <1
(n=143)

Sixth follow-up

(2013~2014)
(n=166)

:

Progression group
KIL score change in either
knee 22 or arthroplasty

Missing of K/L score
(n=96)

Figure 1. Classification according to the Kellgren-Lawrence (K/L) score at each follow-up in the study cohort. The frequencies of
mitochondrial DNA haplogroups were analyzed in the non-progression and progression groups (box surrounded by the dotted line).
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Statistical analysis

Differences between the non-progression and pro-
gression groups at the sixth follow-up were investigated
by Student t-test and the Pearson chi-square test.
Multiple logistic regression was used to determine the
relative risk (RR) of mtDNA haplogroups for OA by ad-
justing for sex, age, and body mass index (BMI) because
the incidence of knee OA is high in women and the elderly
and obesity is a risk factor for OA [15]. Smoking and met-
abolic syndrome were excluded from the adjusted model
because these factors are correlated with sex and BMI,
respectively. p-values <0.05 indicated statistical significance.
All statistical analyses were performed using PASW soft-
ware version 18.0 (IBM Co., Armonk, NY, USA).

RESULTS

Baseline clinical characteristics

The clinical characteristics of the participants are de-
scribed in Table 1. There were no significant differences in
age between the non-progression and progression
groups. The number of females was significantly higher in
the progression group than in the non-progression group
(88.6% vs. 76.9%, respectively). The rates of smoking,
drinking, and diabetes, and hypertension were not sig-
nificantly different between groups. However, the BMI
and rates of metabolic syndrome were significantly high-
er in the progression group than in the non-progression
group (26.74+3.21 vs. 25.33+3.26 and 77.7% vs. 62.0%,
respectively).

mtDNA haplogroups associated with non-progression
and progression of OA

The haplogroup frequencies of the non-progression and
progression groups and RRs are shown in Table 2. Among

the haplogroups, haplogroups B and D4 showed the high-
est frequencies (15.9% and 10.0%, respectively). In mul-
tiple logistic regression analysis, there was no significant
RR for the progression of OA in each haplogroup in the
unadjusted model, adjusted model for age, sex, and BMI,
and adjusted model for age, sex, BMI, smoking, and meta-
bolic syndrome. Among the haplogroups, the proportion
of non-progression patients in haplogroup D4 was likely
higher than that in patients showing progression; how-
ever, there was also no significant difference between the
two groups (13.3% vs. 7.2%, RR=0.51 [0.24~1.09],
p=0.081 in unadjusted model and RR=0.56 [0.25~
1.23], p=0.149 in adjusted model for age, sex, BMI).

DISCUSSION

Our previous study suggested that participants with
haplogroup B had a higher risk of OA development [2]. In
the present study, we observed no significant relationship
between the haplogroups and OA progression. Haplogroup
B, which was associated with the development of OA in
our previous study [2], appeared to be related to OA pro-
gression but did not show a significant difference in the
present study. Haplogroup D4 showed a low frequency in
the progression group but the value was not significant.

Several studies in western countries have described the
relationship between OA progression and mtDNA
haplogroups. Soto-Hermida et al. [10] found that pa-
tients with haplogroup T had the lowest increase in K/L
score (hazard ratio=0.499; 95% confidence interval
[95% CI]: 0.261~0.815) and in other radiographic in-
dicators for progression such as joint space narrowing,
osteophytes, and subchondral sclerosis. They also stud-
ied OA progression and mtDNA haplogroups in a Spanish
cohort [11]. Patients in cluster TJ showed slower radio-

Table 1. Clinical characteristics of participants included in the cohort

Variable Non-progression (n=143) Progression (n=166) p-value p-value*
Age (yr) 62.47 +8.22 62.88+6.17 0.624 -
Sex, female 110 (76.9) 147 (88.6) 0.006 0.007
Body mass index (kg/m?) 25.33+3.26 26.74+3.21 <0.001 <0.001
Smoking, ever/current 26 (18.2) 19 (11.4) 0.094 0.087
Drinking, ever/current 53 (37.1) 8 (28.9) 0.128 0.134
Diabetes 34 (24.3) 1(18.9) 0.254 0.234
Hypertension 70 (49.0) 5(57.2) 0.146 0.162
Metabolic syndrome 88 (62.0) 129 (77.7) 0.003 0.003

Values are presented as mean + standard deviation or number (%). *Age-adjusted.
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Table 2. Multiple logistic regression analysis of mitochondrial haplogroups associated with osteoarthritis

Non- . Unadjusted Adjusted*
. Progression
Haplogroup  progression
(n—143 (160 B RR (95% CI)  p-value B RR (95% Cl)  p-value

A 14 (9.8) 16 (9.6) —0.017 0.98 (0.46~2.09) 0.964 —0.167 0.85(0.38~1.87) 0.680
B 21 (14.7) 28 (16.9) 0.164 1.18 (0.64~2.18) 0.601 0.185 1.20(0.63~2.28) 0.571
D 1(0.7) 0(0.00 —21.359 - 1.000 —20.721 - 1.000
D4 19 (13.3) 12 (7.2) —0.676 0.51(0.24~1.09) 0.081 —0.586 0.56(0.25~1.23) 0.149
D4a 9(6.3) 9(5.4) —0.158 0.85(0.33~2.21) 0.744 —0.232 0.79(0.30~2.12) 0.644
D4b 2(1.4) 1(0.6) —0.850 0.43 (0.04~4.76) 0.489 —0.637 0.53(0.05~6.06) 0.608
D4b2 9(6.3) 11 (6.6) 0.055 1.06 (0.42~2.63) 0.906 0.112 1.12(0.44~2.87) 0.816
D4 3(2.1) 2(1.2) —0.564 0.57(0.09~3.45) 0.540 0.017 1.02(0.15~6.77) 0.986
D4e 4(2.8) 7 (4.2) 0.425 1.53(0.44~5.34) 0.505 0.401 1.49(0.41~5.39) 0.540
D4a/D4b 0 (0.0 1(0.6) 21.060 - 1.000 20.804 - 1.000
D5 12 (8.4) 13 (7.8) —0.075 0.93 (0.41~2.10) 0.857 0.003 1.00(0.43~2.34) 0.994
F 11(7.7) 17 (10.2) 0.314 1.37(0.62~3.03) 0.438 0.277 1.32(0.58~2.99) 0.508
G 8 (5.6) 11 (6.6) 0.180 1.20(0.47~3.06) 0.707 0.184 1.20(0.46~3.16) 0.709
M 1(0.7) 2(1.2) 0.549 1.73(0.16~19.30) 0.655 0.488 1.63(0.14~18.47) 0.694
M7 9 (6.3) 12(7.2) 0.149 1.16(0.47~2.84) 0.745 0.049 1.05(0.42~2.62) 0.916
M8 8 (5.6) 11 (6.6) 0.180 1.20(0.47~3.06) 0.707 —0.010 0.99(0.37~2.63) 0.984
M9 3(2.1) 2(1.2) —0.564 0.57(0.09~3.45) 0.540 —0.384 0.68 (0.11~4.26) 0.681
M10 2(1.4) 0(0.00 —21.366 - 0.999 —22.129 - 0.999
N9 7 (4.9) 11 (6.6) 0.321 1.38(0.52~3.66) 0.519 0.398 1.49(0.54~4.10) 0.440
R 0 (0.0) 0 (0.0) - - - - - -
Macro- 90 (62.9) 94(56.6) —0.263 0.77 (0.49~1.21) 0.260 —0.227 0.80(0.50~1.28) 0.348

haplogroup M’
Macro- 53(37.1) 72(43.4) 0.263 1.30(0.82~2.06) 0.260 0.227 1.26(0.78~2.02) 0.348

haplogroup NT
Macro- 59 (41.3) 56(33.7) —0.322 0.72(0.46~1.15) 0.173 —0.209 0.81(0.50~1.31) 0.394

haplogroup D*
Macro- 32(22.4) 45(27.1) 0.255 1.29(0.77~2.17) 0.338 0.255 1.29(0.75~2.22) 0.357

haplogroup R !

Values are presented as number (%). RR: relative risk, Cl: confidence interval. *Adjusted for age, sex, body mass index.
Tfv\acro-haplogroupfv\: D, D4, D4a, D4b, D4b2, D4j, D4e, D4a/D4b, D5, G, M, M7, M8, M9, and M10. Tfv\acro—haplogroup N:
A, B, F, N9, and R. §I\/\acro-haplogroup D: D, D4, D4a, D4b, D4b2, D4j, D4e, D4a/D4b, and D5. HI\/\acro-haplogroup R: B, F, and R.

graphic OA progression than patients in cluster KU
(hazard ratio=1.711; 95% CI: 1.037 ~2.823).

In a case-control study of Asians, Fang et al. [16] re-
ported that haplogroup G increased the risk of OA occur-
rence (OA group 4.3% vs. control 1.4%, odds ratio
[OR]=3.834; p=0.03) and patients with haplogroup G
showed a higher severity of progression (K/L score 4) of
knee OA (OR=10.870, p=0.007). Additionally, they
showed that haplogroup D4/D4a was related to the high-
er-severity OA. Although the designs of their studies dif-
fered from those of our cohort study, the frequency of
haplogroup D4 may be lower in the progression group
than in the non-progression group. In East Asians, the
frequent sequence variations in the Korean population
were very similar to those in Japanese and Northern
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Chinese populations [17]. However, the frequency of the
haplogroups related to disease may vary by country.

In the previous study investigating the progression of
OA, a K/L score change >1 was defined as OA pro-
gression [10,11]. However, we defined K/L score change
>2 as a progression after approximately 8 years among
patients who had a higher K/L score in both knees of 1 or
2 at the second (baseline) follow-up. Even when using
this strict definition of OA progression, no meaningful
haplogroup was identified. This result is thought to be re-
lated to the small number of participants defined as hav-
ing early OA. However, this is the only study in Korea to
evaluate the association between knee OA progression
and mtDNA haplogroups. Additional large-scale studies
are necessary to identify the mtDNA haplogroup related
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to OA, which will improve the early diagnosis and pre-
vention in patients at a high risk of OA.

Several studies have suggested that haplogroup D4 is re-
lated to type 2 diabetes mellitus (DM). Liou et al. [18]
suggested that haplogroup B4 was significantly asso-
ciated with DM (OR 1.54 [95% CI 1.18~2.02], p<
0.001), whereas haplogroup D4 showed borderline re-
sistance against type 2 DM (OR 0.68 [95% CI 0.49~
0.94], p=0.02) in a Chinese population in Taiwan [18].
However, Jiang et al. [19] suggested that haplogroup D4
is associated with an increased risk of developing type 2
DM (OR 1.47 [95% CI 1.22~1.77], p<0.01) in a Uyghur
population in China and that the 3010G>A variant is
likely involved in the pathogenesis of type 2 DM. Fuku et
al. [20] also suggested that haplogroup D4b in Korean
men was associated with an increased risk of DM (OR
3.55 [95% CI 1.65~8.34], p<0.01). Although the rela-
tionship between DM and haplogroup D4 shows variable
results, considering that DM is associated with OA [21],
haplogroup D4 may be associated with OA in Koreans.

Our study had several limitations. First, we investigated
the progression of knee OA according to the K/L score
change in knee radiographs after approximately 8 years.
This follow-up period may not be sufficient to observe the
progression of OA on knee radiographs. Long-term re-
search designs using elaborate degenerative change
screening methods are required to acquire more partici-
pants. Second, knee OA is generally defined as a K/L score
of 2 or more; however, in our study, participants with a
K/L score >1 at baseline were defined as having OA, as
described previously [11]. Although the definition we
used led to a larger number of participants, the sample
size was still too small to obtain meaningful results.
Third, although the parameters were adjusted for OA pro-
gression, we also need to consider variables related to risk
factors for OA, such as anatomic factors, bone density,
and physical activity. Fourth, functional scores such as the
Western Ontario and McMaster Universities (WOMAC)
is important for evaluating dysfunction in patients with
OA. However, this information was not available for the
Ansung cohort. The WOMAC score can complement the
definition of progression by the K/L score.

CONCLUSION

In conclusion, no mtDNA haplogroup was found to be
associated with the progression of OA in Koreans.
Although not significant, haplogroup D4 may be asso-
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ciated with slower progression of OA. Large-scale studies
are needed to determine the relationship between mtDNA
haplogroups and OA.
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