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Abstract: Background: The correlation between symptomatic knee osteoarthritis (OA) and whole blood cell count (CBC) has
not been well studied based on large-scale population. The purpose of this study was to analyze its correlation with serological
examination, especially with CBC tests. Methods: Samples in our study was derived from China Health and Retirement
Longitudinal Study (CHARLS), wave 3. Blood samples from 13,420 participants were collected. We define a subject as
symptomatic knee OA patient if both questions (Individuals were asked whether they were troubled with knee pain and had a
doctor-diagnosed arthritis) were responded positively. A total of 12,952 individuals were classified into four groups. Post hoc
multiple comparisons were conducted then. The criterion of significance is p<0.05. Results: Among the 20967 people included in
the analysis, 19692 answered the diagnosis questions. Our results showed that the prevalence of symptomatic knee OA was
9.18%. The level of hemoglobin (Hgb) (13.34+1.80 g/dl) in patients with symptomatic knee OA was significantly lower than that
in other individuals. The HCT level of symptomatic knee OA individuals (40.53+5.32%) was significantly lower than that of
other individuals. Patients with arthritis but without ongoing knee pain had the lowest PLT level (199.09+76.88 x 109/L) when
compared with other groups. Conclusion: symptomatic knee osteoarthritis is common in China. Patients with symptomatic knee
OA showed a downward trend in the serological results of hemoglobin and hematocrit compared with other populations. More
research on symptomatic knee osteoarthritis needs to be carried out.
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patients troubled with knee pain in China [4].

The essence of osteoarthritis is chronic inflammatory
response. Studies have shown that neutrophils, monocytes and
lymphocytes play an important role in local cartilage injury of
knee joint [5]. More and more studies have shown that there is
a strong correlation between the level of peripheral blood
indicators and the occurrence and development of
osteoarthritis [6].

Symptomatic knee OA is defined as knee OA patients with
knee pain symptoms. There is still lack of relevant researches
on serological examination of people with or without knee pain
and knee OA. There are currently few large sample analyses of

1. Introduction

Osteoarthritis (OA) is a common chronic disease affecting
the health of elder people, which was regarded as a main
reason of pain and disability [1], has caused a serious
economic burden worldwide [2]. An estimation of the
National Health Interview Survey reported that over 14
million people in the US suffer from the symptomatic knee
OA [3]. According to the data of China Health and Retirement
Longitudinal Study (CHARLS) in 2011, the prevalence of
symptomatic knee osteoarthritis in China was 8.1%,
indicating that there are more than 100 million knee OA
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blood routine test results in osteoarthritis, and no studies have
figured the influence of the pain symptoms on blood routine
results. Our study aims to report the prevalence of symptomatic
knee OA based on the data of CHARLS study in the year 2015,
and analyze the correlation between symptomatic knee OA and
complete blood count (CBC) results.

2. Methods
2.1. Study Population

CHARLS is a national representative longitudinal survey of
Chinese middle-aged and elderly people. The national
baseline survey (wave 1) was implemented in 2011. A
follow-up wave (wave 2) was conducted in 2013, Wave 3 was
then mainly finished in 2015 [7], this included the second
wave of blood tests collection. The CHARLS national sample
contains respondents in 150 counties/districts which are
randomly picked from 30 provincial administrative units
(excluding Macao and Hongkong Special Administrative
Regions, Taiwan Province, Tibet Autonomous Region), 450
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villages/urban communities were obtained from the whole
country. A detailed description the CHARLS has previously
been published [8].

2.2. Clinical Data Collection

This study used the data from the first wave 3, in which
21,100 residents were interviewed through a face-to-face
computer-assisted personal interview (CAPI). Participants
were asked whether they were often troubled with pain, and
they’ll point out the parts of the body experiencing ongoing
pain. Also, each participant was asked if he or she had a
doctor-diagnosed arthritis. Symptomatic knee OA were
defined when a subject responded both questions positively.

The venous blood samples tested for CBC were analyzed at
local county health centers, including white blood cell count
(WBC), hemoglobin (HGB), hematocrit (HCT), platelet
counts (PLT) and mean corpuscular volume (MCV) [7]. The
individuals in CHARLS wave 3 who took the blood samples
were targets of our study. A total of 13,420 blood samples
were collected then.

CHARLS wave 3
participants (n=21100)
participants without health excluded
status and functioning data |
(n=133) Y
participants remained particip.alnts witt.) missing
(n=20967) bé) arthritis or pain data
participants without excluded /X}QZ (©=1275)
blood sample [T :
L (n=7547) N
participants remained participants remained
(n=13420) (n=19692)
participants with missing % excluded
arthritis or paindata |~
(n=468)
participants remained participants with
L (n=12952) ‘ Lsymptomatic knee OA
(n=1808)
Group 1 Group 2 Group 3 Group 4
(n=1252) (n=827) (n=2980) (n=7893)

Figure 1. The flow chart of this study.

(1) Group 1: participants with symptomatic knee OA;
(2) Group 2: participants who has ongoing knee pain but have no arthritis;

(3) Group 3: participants who are diagnosed with arthritis but have no ongoing knee pain;

(4) Group 4: participants without arthritis and ongoing knee pain.

2.3. Study Process

Among the 20,967 individuals with health status and
functioning data included in the analysis, a total of 19,692
individuals answered both the knee pain and the
doctor-diagnosed arthritis question. Among those 20,967

individuals, 13,420 individuals with blood samples were
remained, after participants with missing arthritis or pain data
were excluded, 12,952 individuals were taken into analysis
eventually.

The 12,952 participants were categorized into four groups
(Figure 1):
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(1) Group 1: participants with symptomatic knee OA;

(2) Group 2: participants who has ongoing knee pain but
have no arthritis;

(3) Group 3: participants who are diagnosed with arthritis
but have no ongoing knee pain;

(4) Group 4: participants without arthritis and ongoing knee
pain.

2.4. Statistical Analysis

Statistical analysis was finished using the SPSS (IBM, 25.0,
CA, USA), the prevalence of symptomatic knee OA based on
the data in the CHARLS study was calculated by narrative
statistics. Post hoc multiple comparisons were conducted to
analyze the CBC level among four groups. The criterion of

significance is defined as p<0.05.

3. Results

Among all the 21,100 residents participated in the
CHARLS wave 3 survey, 20,967 participants were
contained in the analysis. And 19,692 (93.33%) answered
the questions of the knee pain and the doctor-diagnosed
arthritis, while 1808 subjects responded both questions
positively, indicating that the symptomatic knee OA
prevalence was 9.18% in the year 2015. The response rate
of blood sample taken was 63.60%. The response rate of
women was 3.77% higher than that of men (65.95% versus
62.18%).

Table 1. The CBC level (WBC, HGB, HCT, MCYV, PLT) of four groups.

Group 1 Group 2 Group 3 Group 4
Mean SD Mean SD Mean SD Mean SD
WBC (10°/L) 6.06 1.93 6.00 421 5.93 1.83 6.01 1.78
HGB (g/dL) 13.34 1.80 13.51 1.98 13.62 2.03 13.82 1.92
HCT (%) 40.53 5.32 40.64 5.84 41.23 5.83 41.79 5.62
MCV (fL) 91.26 7.56 90.80 7.87 91.48 7.86 91.37 7.74
PLT (10°/L) 203.84 74.05 208.20 81.03 199.09 76.88 207.33 74.81
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Figure 2. The CBC level (WBC, HGB, HCT, MCV, PLT) of four groups.

After grouping, 1,252 participants who have symptomatic
knee OA were assigned to group 1, 827 individuals who have
ongoing knee pain but have no arthritis were assigned to group
2, 2,980 participants who are diagnosed with arthritis but have
no ongoing knee pain were assigned to group 3, and 7,893
participants who don’t have arthritis and knee pain were
assigned to group 4. The CBC level of the four groups was
revealed in Table 1 and Figure 2. The significance between
CBC level in the four groups was revealed in Table 2.

The WBC level of the four groups were (6.06+1.93,
6.00+4.21, 5.93+1.83, 6.01+1.78) *10°/L, respectively. There

were no prominent differences in the assessment of WBC
levels between the four groups.

Table 2. The significance between CBC level in four groups.

Group 2 Group 3 Group 4
Group 1 S A
Group 2 + 4
Group 3 * 1

*: significance in HGB (p<0.5)
F: significance in HCT (p<0.5)
#: significance in PLT (p<0.5)
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The HGB level of the four groups were (13.34+1.80,
13.51£1.98, 13.62+2.03, 13.82+1.92) g/dL, respectively.
The level of HGB in the group without arthritis and knee
pain (group 4) was markedly higher than the rest of groups.
HGB level in group 3 was markedly higher than that in
group 2.

The HCT level of the four groups were (40.53+5.32,
40.64+5.84, 41.23+£5.83, 41.79+5.62) %, respectively.
Obviously, about the HCT level, group 4 was markedly
higher than the rest of groups. In addition, the HCT level of
group 3 was markedly higher than the HCT level of group 2
and group 1.

The MCV level of the four groups were (91.26+7.56,
90.80+7.87, 91.48+7.86, 91.37+7.74) fL, respectively. There
were no prominent differences in the assessment he MCV
level between the four groups.

The PLT level of the four groups were (203.84+74.05,
208.20+81.03,  199.09+76.88, 207.33+74.81)  *10°/L,
respectively. The group 2 and group 4 was markedly higher
than group 3 in regard to the PLT level.

4. Discussion

From the data obtained from the CHARLS study, a national
population-based survey, we found the phenomenon that
symptomatic knee OA remained common among the adults in
China. The prevalence of symptomatic knee OA in 2015 is
9.18%, which is 1.08% higher than that in 2011, the age and
gender distribution of the two waves represent similarity.
Indicating that the occurrence and development of
symptomatic knee is still a serious problem in China, and the
control level still needs to be improved.

It is generally believed that the level of neutrophils in
blood is closely related to various inflammatory related
cytokines, chemokines and proteolytic enzymes produced by
chronic inflammatory reaction. Studies have clearly shown
that low grade inflammation exists in OA joint tissues, where
it may conduce to disease pathogenesis [9, 10]. In our study,
although group 1 showed the highest levels of white blood
cell among the four groups, there was no statistically
prominent correlation between the level of white blood cell
and knee pain/ knee OA. A study by Ishihara indicated that
there were no striking discrepancy between OA and healthy
controls on blood polymorphonuclear leukocytes with
nitro-blue tetrazolium (NBT) test values [11], showing that
the function of peripheral white blood cells in knee OA
patients is as same as normal people, which is similar to our
results. A study reported by Attur M identified that the
increase of inflammatory gene (IL-1, TNFa or COX-2) in
peripheral blood leukocytes predicted the imaging
progression of patients with symptomatic knee OA,
suggesting that inflammatory events in the joint tissues of
patients with symptomatic knee OA have been reported in
peripheral blood [12]. Considering our findings together
with those of others, the white blood cell in the peripheral
blood is not the clinical feature of most patients with
symptomatic knee OA or knee pain. Though the

inflammatory events cannot be prognosed by white blood
cells, they still exist in the peripheral blood.

The HGB level of symptomatic knee OA is prominently
lower than that in the normal population as well as individuals
diagnosed with arthritis but without the symptom of ongoing
knee pain. We speculate that there is a correlation between
symptomatic osteoarthritis and decreased hemoglobin levels,
knee pain may have a greater impact on the decline in
hemoglobin levels in peripheral blood than osteoarthritis itself.
Studies have shown that OA is related to new-onset anemia
[13]. Low hemoglobin levels are associated with the
occurrence of many adverse events such as stroke, renal
failure, heart attack which may lead to higher mortality [14,
15]. These results suggest that when treating pain symptoms
of OA patients, attention should be paid to the level of
hemoglobin and guided interventions should be given if
necessary.

HCT refers to the percentage of red blood cells (RBCs) to
the whole blood volume. Decreased HCT is frequently
connected with anemia, chronic disease states, etc. The
trend of HCT level in our study is similar to the results of
HGB level, individuals with symptomatic knee represented
the lowest level of HCT, while normal individuals
represented the highest level of HCT. There are studies
reporting that when compared to normal people, there was
no meaning of the width of red cell volume distribution in
the peripheral blood of OA patients, suggesting that the
anemia in OA patients is a homogeneous anemia [16].
Based on this theory, the HCV variation basically reflects
the level of RBCs, showing that patients with symptomatic
knee OA or knee pain tends to have relatively decreased
nutritional levels.

The MCV level of the four groups showed no significance.
Showing that the mean size of RBCs was not significance
among symptomatic knee OA patients, individuals with knee
pain/OA and normal individuals. Interestingly, we found that
the PLT level of individuals diagnosed with OA but have no
ongoing knee pain is the lowest among the four groups, while
individuals with knee pain but have no OA is the highest.
These findings indicate that OA is frequently accompanied by
a decrease in platelet levels, knee pain may be accompanied
by a mild increase in platelet levels, although the data did not
show statistical differences.

There’s no doubt that our study also have some
imperfections and limitations. First of all, the participants in
the CHARLS study were not evaluated radiographically so
that the radiographic osteoarthritis prevalence couldn’t be
derived, thus the diagnosis of symptomatic knee OA
prevalence obtained in this study was based on self-reported
knee pain along with physician diagnosis arthritis. Secondly,
white blood cell count couldn’t accurately reflect OA activity,
instead, high sensitivity C-reactive protein (hs CRP) levels,
erythrocyte sedimentation rate (ESR) levels may be relatively
more sensitive and accurate. Thirdly, the combination of
RBCs, HGB, and HCT provides a more accurate assessment
of the anemia related status, while our study lacked RBCs
related data.
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5. Conclusion

Among the middle-aged and elderly Chinese people, there
exists a high prevalence of symptomatic knee OA, and the
trend is continuously increasing. There were strong
correlations between symptomatic knee OA and HGB/HCT
levels. Patients with symptomatic knee OA showed a
downward trend in the serological results of hemoglobin and
hematocrit compared with other populations. Attention should
be paid to blood routine examination when treating
symptomatic knee OA patients, guided interventions should
be given when necessary. Besides, subsequent studies need to
focus on the methods of prevention, powerful management
and effective treatment of symptomatic knee OA.
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tetrazolium; RBCs: red blood cells; hsCRP: high sensitivity
C-reactive protein; ESR: erythrocyte sedimentation rate.

References

[1] McDonough CM, Jette AM. The contribution of osteoarthritis
to functional limitations and disability. Clin Geriatr Med Aug.
2010; 26: 387-99. https://doi.org/10.1016/j.cger.2010.04.001.

[2] LongH, Zeng X, Liu Q, et al. Burden of Osteoarthritis in China,
1990 to 2017: Findings from the Global Burden of Disease
Study 2017 [J]. The Lancet Rheumatology, 2020, 2 (3).
https://doi.org/10.1016/S2665-9913(19)30145-6.

[3] Deshpande BR, Katz JN, Solomon DH, et al. Number of
persons with symptomatic knee osteoarthritis in the US: impact
of race and ethnicity, age, sex, and obesity. Arthritis Care Res.
2016; 68: 1743-50. https://doi.org/10.1002/acr.22897.

[4] Tang X, Wang S, Zhan S, et al. The prevalence of symptomatic
knee osteoarthritis in China: Results from China Health and
Retirement Longitudinal Study [J]. Arthritis & Rheumatology,
2016, 68 (3): 648-653. https://doi.org/10.1002/art.39465.

[5] Biljana S, Anna R, Ewa KW, et al. Monocyte alterations in
rheumatoid arthritis are dominated by preterm release from
bone marrow and prominent triggering in the joint [J]. Annals
of the Rheumatic Diseases, 2018, 77 (2): 300-308.
http://dx.doi.org/10.1136/ annrheumdis-2017-211649.

(6]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Yang Z, Zhang Z, Lin F, et al. Comparisons of neutrophil-,
monocyte-, eosinophil-, and basophil- lymphocyte ratios
among various systemic autoimmune rheumatic diseases [J].
APMIS, 2017, 12 5 (10): 863-871.
https://doi.org/10.1111/apm.12722.

Chen X, Eileen C, Hu PP, et al. Venous Blood-Based
Biomarkers in the China Health and Retirement Longitudinal
Study: Rationale, Design, and Results From the 2015 Wave [J].
American Journal of Epidemiology, 2019 (11): 11.
https://doi.org/10.1093/aje/kwz170.

Zhao Y, Hu Y, Smith JP, Strauss J, Yang G. Cohort profile: the
China health and retirement longitudinal study (CHARLS). Int
J Epidemiol. 2014; 43: 61-8.
https://doi.org/10.1093/ije/dys203.

Kalaitzoglou E, Griffin TM, Humphrey MB. Innate Immune
Responses and Osteoarthritis [J]. Current Rheumatology
Reports, 2017, 19 (8): 45-45.
https://doi.org/10.1007/s11926-017-0672-6.

Weber A, Chan PMB, Wen C. Do immune cells lead the way in
subchondral bone disturbance in osteoarthritis? [J]. Progress in
Biophysics and Molecular Biology, 2019, 148: 21-31.
https://doi.org/10.1016/j.pbiomolbio.2017.12.004.

Ishihara Y. Nitroblue tetrazolium tests of blood and synovial
fluid cells in rheumatoid arthritis and osteoarthritis (author's
transl). [J]. Nihon Seikeigeka Gakkai Zasshi, 1981, 55 (5):
485.

Attur M, Statnikov A, Krasnokutsky S, et al. Elevated
peripheral blood leukocyte inflammatory gene expression in
radiographic progressors with symptomatic knee osteoarthritis:
NYU and OAI cohorts [J]. Osteoarthritis and Cartilage, 2015,
23 (2): A51-A52 https://doi.org/10.1016/j.joca.2015.02.110.

Choi CW, Lee J, Park KH, et al. Incidence of anemia in older
Koreans: Community-based cohort study [J]. Archives of
Gerontology &  Geriatrics, 2005, 41 (3): 303-309.
https://doi.org/10.1016/j.archger.2005.04.007.

D Cheyron, Parienti J J, Fekih-Hassen M, et al. Impact of
anemia on outcome in critically ill patients with severe acute
renal failure [J]. Intensive Care Medicine, 2005, 31 (11): 1529.
https://doi.org/10.1007/s00134-005-2739-5.

Ebben J P, Gilbertson D T, Foley R N, et al. Hemoglobin Level
Variability: Associations with Comorbidity, Intercurrent Events,
and Hospitalizations [J]. Clin J Am Soc Nephrol, 2006, 1 (6):
1205. https://doi.org/10.2215/CIN.01110306.

Walker C, Faustino, Lanas A. Monitoring complete blood
counts and haemoglobin levels in osteoarthritis patients: results
from a European survey investigating primary care physician
behaviours and understanding [J]. Open Rheumatol J, 2014, 8
(7): 110-115. https://doi.org/10.2174/1874312901408010110.



