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Abstract

Objectives—The aim of the current study is to determine if baseline serum adiponectin levels
predict the development of rheumatoid arthritis (RA).

Methods—The current report includes 3693 individuals from the Swedish Obese Subjects (SOS).
The original SOS study is a longitudinal non-randomized controlled study aiming to assess the
effect of bariatric surgery on obesity-related mortality and morbidity. Participants included in the
present report had adiponectin measurement available at baseline and no prevalent RA. The
diagnosis of RA was retrieved through the Swedish National Patient Register.

Results—During a follow-up for up to 29 years, 82 study participants developed RA. Elevated
baseline adiponectin levels were associated with a higher risk of developing RA independently of
other factors, including C-reactive protein (CRP) and smoking (hazard ratio, HR 1.70, 95%
confidence interval, Cl 1.12-2.60 for an increase in adiponectin of 10 mg/L, P=0.01). After
stratifying the population according to adiponectin and CRP median at baseline, study participants
with both adiponectin and CRP above the median had a higher risk of developing RA compared to
subjects with adiponectin and CRP below the median (HR 2.80, 95% CI 1.25-6.31, P=0.01).
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Conclusions—In this cohort of subjects with obesity followed up for up to 29 years, high serum
adiponectin levels at baseline were associated with an increased risk for RA. Moreover, subjects
with both high adiponectin and CRP levels at baseline were at particular risk of developing RA.

—ClinicalTrials.gov Identifier: NCT01479452.

Method

Adiponectin is a relatively abundant adipokine in plasma, with concentrations ranging from
2 to 30 mg/L and accounting for up to 0.05% of total plasma proteins (1, 2). Although
mostly produced by the adipose tissue, adiponectin levels are inversely correlated with fat
mass and are low in subjects with obesity (3, 4). Low serum adiponectin associates with an
unhealthy metabolic profile, including a higher risk for type 2 diabetes and insulin resistance
(5-7). It has been hypothesized that the low adiponectin levels observed in obesity and its
comorbidities are a consequence of the chronic low-grade inflammation that affects the
adipose tissue under those circumstances (8, 9). On the other hand, recent studies show that
adiponectin levels are elevated in inflammatory and autoimmune diseases (10-12). Indeed,
in patients with established rheumatoid arthritis (RA), adiponectin is increased in both serum
and synovia, and also subjects with early treatment-naive RA have higher circulating
adiponectin levels than controls. Moreover, plasma adiponectin associates with pro-
inflammatory cytokines in a population without RA but at high risk to develop the disease
(13), suggesting that adiponectin may play a role in the early phases of disease development
(14-17). This hypothesis finds support in earlier studies showing that adiponectin stimulates
the production of pro-inflammatory factors by different cell-lines, including fibroblast-like
synoviocytes and macrophages, (18-20) although so far adiponectin has been mostly known
to induce anti-inflammatory responses (21-23).

The Swedish Obese Subjects (SOS) study is a longitudinal non-randomized controlled study
designed to examine the effect of bariatric surgery on obesity-associated morbidity and
overall mortality (24-26). In this cohort of subjects with obesity, we have recently analysed
the effect of bariatric surgery on the future development of RA, since obesity is thought to
be a risk factor for the development of the disease, in particular if combined with other
factors (27, 28). However, we were not able to detect any association between bariatric
surgery and the incidence of RA (29). Serum adiponectin levels have been measured in SOS
study participants at baseline and at 2-and 10-year follow-up, and this has allowed us to
study the association between circulating adiponectin and the development of RA in subjects
with obesity. Thus, the aim of the current report was to determine if elevated serum
adiponectin levels predict the development of RA in those subjects.

Design of the current report

To study the association between circulating adiponectin levels and the future risk of
developing RA we selected a subgroup of participants from the SOS study, a clinical trial on
bariatric surgery enrolling 4047 subjects with obesity from Sweden. Eleven subjects had
prevalent RA at baseline and were therefore excluded. The subjects included in the current
report are 3693 SOS participants who did not have a diagnosis of RA and that had available
adiponectin measurement at baseline.

Scand J Rheumatol. Author manuscript; available in PMC 2021 November 01.


http://ClinicalTrials.gov
https://clinicaltrials.gov/ct2/show/NCT01479452

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhang et al. Page 3

SOS study design

The SOS is a longitudinal, non-randomized, controlled study that enrolled 4047 subjects
with obesity at 25 surgical departments and 480 primary health care centres in Sweden
between 1987 and 2001 (24, 25). Inclusion criteria were age 37—60 years and body-mass
index (BMI) =34 for men and =38 for women. Exclusion criteria were previous surgery for
gastric or duodenal ulcer, earlier bariatric surgery, gastric ulcer during the previous 6
months, ongoing or active malignancy during the past 5 years, myocardial infarction during
the past 6 months, bulimic eating pattern, drug or alcohol abuse, psychiatric or cooperative
problems contraindicating bariatric surgery or other uncommon conditions (25).

Study participants were recruited through a campaign and 6905 subjects who showed
interest in the study completed a matching examination. Among these, 2010 eligible
individuals who electively chose to undergo bariatric surgery constituted the surgery group.
A matched control group of 2037 subjects was created based on 18 different variables from
the matching examination (sex, age, weight, height, hip circumference, waist circumference,
systolic blood pressure, triglycerides, total cholesterol, postmenopausal status, daily
smoking, diabetes, four psychosocial variables associated with death risk and two
personality traits related to treatment preferences). To perform the matching, the method of
sequential assignment treatment was used, as previously described (30). The surgery patient
and the matched conventionally treated patient started the study on the same day, i.e. the day
of the surgery. As previously reported, the matching process unexpectedly created a surgery
group having a higher mean body weight, a younger age and more severe risk factors than
the control group (24).

Subjects from the bariatric surgery group underwent vertical banded gastroplasty (68%),
gastric banding (19%), or gastric bypass (13%). The control group received conventional
non-surgical treatment for obesity at their centres of registration, which ranged from
intensive lifestyle modifications to no treatment, with no attempt to standardize the non-
surgical treatment (31).

The study protocol was approved by seven Swedish local ethics review boards and all the
participants gave their written or oral informed consent to join the study. The study protocol
was approved by seven Swedish local ethics review boards and all the participants gave their
written or oral informed consent to join the study. The SOS trial is registered at
ClinicalTrials.gov Identifier: NCT01479452,

Clinical and biochemical assessments

Centralized laboratory measurements were performed at matching, at baseline, and at 2-,
10-, 15-and 20-year follow-up at the Central Laboratory of Sahlgrenska University Hospital.
Erythrocyte sedimentation rate (ESR) was measured at the participants’ health care centres
at the time of health examination visits. Measurements of serum concentrations of
adiponectin at baseline and at the 2-and 10-year follow-up were consecutively performed at
the German Diabetes Center, Duesseldorf, Germany from November 2010 to April 2011 (6).
Total adiponectin was measured using the Quantikine enzyme-linked immunosorbent assay
(ELISA) kit from Bio-Techne, Minneapolis, MN, USA (previously R&D Systems,
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Wiesbaden, Germany). Mean intra-assay and inter-assay coefficients of variation were 3 and
13%, respectively. All samples gave values above the limit of detection (3.9 ng/mL). C-
reactive protein (CRP) levels at baseline, and at the 2-and 10-years follow-up were measured
with an ultrasensitive immunoturbidimetric method (Sentinel, Milan, Italy) using the
Architect c8200 analyzer (Abbott Laboratories, Abbott Park, IL) in Helsinki, Finland,
between October 2010 and April 2011. Sufficient amount of serum samples for the
measurement of adiponectin and CRP were available for 3693 participants at baseline, 3242
at the 2-year follow-up, and 2605 at the 10-year follow-up, when excluding subjects with
prevalent RA at baseline.

BMI was calculated as weight in kilograms divided by the square of the height in meters.
Type 2 diabetes was defined as fasting blood glucose =110 mg/dl and/or self-reported
therapy with glucose-lowering medications.

Diagnoses of RA

The incidence of RA was not among the predefined endpoints of the SOS study (24). RA
diagnoses were retrieved through the Swedish National Patient Register by searching for the
following International Classification of Diseases (ICD) codes: 712.38 and 712.39 (ICD-8),
714.0-2 (ICD-9) and M05, M06.0, M06.8 and M06.9 (ICD-10) (29). Medical records from
inpatient and outpatient visits in Sweden are recorded in the National Patient Register.
Recording of inpatient visits started in 1964 but did not reach national coverage until 1987,
whereas the non-primary outpatient register, including visits to hospital-based medical
specialists, became nationwide in 2001. Participants were followed up from inclusion until
diagnosis of RA, death, migration or end of follow-up (31st December 2016), whichever
came first. Information on death or migration was obtained from the Cause of Death
Reqgister and the Register of the Total Population (32). The median follow-up time for the
current report was 21 years, ranging from 0 to 29 years (75000 person-years of follow-up).
Median follow-up time to the diagnosis of RA was 14 years, ranging from 1 to 27 years.

Statistical analysis

Baseline characteristics of the study population are shown as mean + standard deviation.
Continuous variables have been compared by linear regression model test. Categorical
variables were compared by x -square tests. Time to incident RA after inclusion was
assessed by Kaplan-Meier estimates of cumulative incidence rates. Comparisons between
groups were performed by log-rank test. Hazard ratios (HR) and corresponding 95% Cls for
the risk of RA were calculated with Cox proportional hazard models after adjustment for
preselected risk factors. Proportional hazard assumptions were satisfied for all the variables
in the model. Spearman test was used to assess the correlation between serum adiponectin
and CRP. Changes in adiponectin and CRP at the 2-and the 10-year follow-up were
calculated as [(value at follow-up — baseline value)/baseline value] x100. Changes are shown
as mean and 95% confidence intervals (CI).

All P values are two-sided and P-values <0.05 were considered significant. Statistical
analyses were performed with the Statistical Package for Social Science (version 24.0;
SPSS, Chicago, IL).
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RESULTS

Baseline characteristics

Baseline characteristics of the SOS study cohort have been described elsewhere (24, 26).
This report included 3693 participants from the SOS study with available serum adiponectin
measurement at baseline, all of them without prevalent RA. Mean serum adiponectin in the
cohort was 7.9+4.6 mg/L (Table 1). As expected, serum adiponectin levels were higher in
women, smokers, and study participants who were older, had lower BMI and no type 2
diabetes. The control group had higher serum adiponectin, which reflects the fact that
participants from the control group had a more beneficial metabolic profile at baseline
including lower BMI compared to the surgery group, as previously shown (24). Study
participants with lower baseline CRP and higher ESR had higher levels of adiponectin.
Subjects who developed RA during follow-up had higher baseline serum adiponectin levels
(Table 1). In Supplementary Table S1, we show the baseline characteristics of the study
population stratified by incident RA during follow-up; both baseline adiponectin and CRP
levels were higher in subjects that would develop RA.

Potential predictors of RA - multivariable analysis

Out of 3693 subjects included in the current report, 82 developed RA during a follow-up for
up to 29 years. In a multivariable analysis including risk factors for RA, baseline adiponectin
levels were associated with a higher risk of developing RA in the SOS cohort independently
of other factors (HR 1.70, 95% CI 1.12-2.60, P=0.01, Table 2). As recently shown (29),
bariatric surgery was not associated with the incidence of the RA in the SOS study, whereas
serum CRP levels and current or former smoking were associated with an increased risk for
the disease (Table 2). Neither sex, ESR, nor BMI were risk factors for RA in this cohort of
subjects with obesity. Unadjusted HR for the incidence of RA are shown in Supplementary
table S2.

Incidence of RA stratified by adiponectin and CRP levels at baseline

To confirm the association between adiponectin and CRP and the incidence of RA we
stratified the population according to the median of adiponectin and CRP serum levels at
baseline (6.8 mg/L and 5.1 mg/L, respectively). In the subgroup with adiponectin below or
equal to the median (n0.=1847), 31 subjects (1.7%) developed RA whereas in the subgroup
with adiponectin above the median (n0.=1846), 51 subjects (2.8%) developed RA during
follow-up. Baseline adiponectin levels were associated with the incidence of RA during
follow-up (log-rank P=0.028, Figure 1A). In the subgroup with CRP below or equal to the
median (no0.=1852), 31 subjects (1.7%) developed RA whereas in the subgroup with CRP
above the median (n0.=1841), 51 subjects (2.8%) developed RA during follow-up. Baseline
CRP levels were also associated with the incidence of RA during follow-up (log-rank
P=0.015, Figure 1B).

The interaction between baseline levels of adiponectin and CRP in modulating the incidence
of RA was not significant (P=0.34). The correlation between serum adiponectin and CRP
was weakly negative, although significant (r=-0.08; P<0.001). This means that the subgroup
having baseline adiponectin levels above the median only partially overlapped with the
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subgroup having CRP below the median (Supplementary table S3). We therefore stratified
the SOS cohort in four groups, depending on baseline adiponectin and CRP serum levels
(i.e. both adiponectin and CRP above the median; adiponectin below the median and CRP
above the median; adiponectin above the median and CRP below the median; both
adiponectin and CRP below the median). Higher baseline levels of adiponectin and CRP
were positively associated with the incidence of RA during follow-up (log-rank P=0.001,
Figure 2). Subjects with both baseline adiponectin and CRP above the median had a greater
risk of developing RA compared to subjects with both adiponectin and CRP below or equal
to the median (adjusted HR 2.80, 95% CI 1.25-6.31, P=0.01, Table 3, Model 2).

Changes in adiponectin and CRP levels during follow-up and the incidence of RA

As previously reported (6), adiponectin levels increased after bariatric surgery, whereas they
remained stable in the control group, both at the 2-(increase 73%, 95% CI 69 to 77 vs.
increase 1%, 95% -1 to 3 respectively, P<0.001) and the 10-year follow-up (63%, 95% CI
59 to 68 vs. 12%, 95% 8 to 15 respectively, P<0.001; Supplementary figure S1A). During
follow-up, CRP levels decreased in the surgery group by —41% (95% CI —49 to —-33) at the
2-year follow-up, whereas they increased in the control group by 34% (95% CI 27 to 42,
P<0.001; Supplementary figure S1B). A similar trend was observed at the 10-year follow-
up, with the surgery group having a decrease in CRP levels (-19%, 95% CI -27 to —12) and
the control group having an increase in CRP (56%, 95% CI 42 to 71, P<0.001.
Supplementary figure S1B) compared with baseline.

Since adiponectin and CRP levels at the 2-year follow-up are highly affected by bariatric
surgery, we tested if the 2-year changes in adiponectin and CRP associated with the
incidence of RA. As shown in Supplementary Table S4, changes in adiponectin after
baseline were not associated with the incidence of RA in neither the control nor the surgery
group. In the surgery group, 2-year changes in CRP was associated with a marginally higher
risk for RA (HR for 10% increase in CRP 1.01, 95% CI 1.00-1.02, P=0.04).

Discussion

This exploratory study shows that high serum adiponectin levels at baseline were associated
with an increased risk for RA in a cohort of subjects with obesity followed up for up to 29
years. This association was independent of CRP, whose levels were also associated with the
incidence of RA as previously shown (33-35). Subjects having both baseline adiponectin
and CRP levels above the median had an almost 3-times increased risk of developing RA
during follow-up.

In subjects with preclinical RA, auto-antibodies, chemokines, and cytokines are elevated in
blood up to several years before the onset of the disease suggesting an early activation of the
immune system (33, 36). CRP levels are also increased years before the diagnosis of RA
(29, 33-35). CRP and adiponectin levels showed poor correlation, suggesting different
mechanisms behind the regulation of those proteins (37). SOS study participants with both
serum adiponectin and CRP above the median had an almost 3-times increased risk of
developing RA compared to subjects with low adiponectin and CRP and this association was
independent of known risk factors for RA, including smoking.
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When first discovered in the 1990’s, adiponectin raised interest because its circulating levels
are low in subjects with obesity, although this adipokine is almost only produced by the
adipose tissue. Moreover, serum adiponectin is also low in subjects with metabolic
syndrome and type 2 diabetes whereas high circulating adiponectin levels associate with a
favourable metabolic and cardiovascular profile (3-5, 7). /n vitroand in vivo studies have
also shown that adiponectin has anti-inflammatory properties by inhibiting the production of
pro-inflammatory cytokines and chemokines, as well as anti-atherogenic effects (38-40).
However, most Mendelian randomization studies have failed to detect a causal connection
between adiponectin and metabolic traits or cardiovascular disease (41-43). Recent studies
have shown that circulating adiponectin is elevated in subjects with autoimmune and
inflammatory diseases, including RA (10-12, 14, 15, 17, 18). A possible explanation of this
paradox is that adiponectin is downregulated in the case of low-grade inflammation -as for
metabolic syndrome-through an adipocyte-mediated suppressive mechanism, and
upregulated in conditions of overt systemic inflammation, as for RA (12). The mechanisms
of this upregulation are still unknown; possibly adiponectin levels are increased in systemic
inflammatory conditions as an ineffective attempt to counter-regulate the ongoing
inflammation (44).

On the other hand, our results showing that serum adiponectin levels associate with the
future risk of developing RA may suggest that adiponectin could be actively implicated in
the pro-inflammatory processes leading to RA. This hypothesis, which cannot be confirmed
or rejected due to the limitations of the current study;, is in line with previous reports
showing that adiponectin is also able to stimulate pro-inflammatory response in different cell
lines involved in RA pathogenesis such as lymphocytes, osteoblasts, chondrocytes and
fibroblasts-like synoviocytes (20, 45-49). Moreover, circulating adiponectin levels associate
with pro-inflammatory cytokines in a population at high risk of developing RA (13). A
possible explanation for the pro-and anti-inflammatory effects of adiponectin may be that
different forms of adiponectin play different roles in modulating the inflammatory response.
In fact, adiponectin has been shown to circulate in blood in three major complexes, i.e. as a
trimer (low-molecular weight), a hexamer (medium-molecular weight), or a high-molecular
weight multimer (50). Adiponectin forms may exert different actions in different tissues. It
has been hypothesized that high-molecular weight adiponectin is the most relevant
biomarker of metabolism whereas low-molecular weight adiponectin plays a role in
inflammation (51). This hypothesis cannot be tested in the current study since only total
adiponectin measurements are available in the SOS trial.

Smoking is a well-known risk factor for the development of RA (28). In our cohort of
subjects with obesity, smoking was associated with the risk of developing RA together with
adiponectin and CRP levels. Interestingly, as also previously shown (52), smokers had lower
baseline levels of adiponectin compared to non-smokers, and, yet, both smokers and subjects
with high adiponectin levels had an increased risk for RA. This might suggest that the
increase in adiponectin levels preceding the development of RA is independent of the pro-
inflammatory mechanisms associated with smoking habit.

As previously shown, bariatric surgery was associated with a significant increase in
adiponectin levels in our cohort of subjects with obesity (6). Moreover, CRP levels were
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reduced in subjects who underwent bariatric surgery. Our current results show that changes
in adiponectin and CRP levels did not significantly affect the incidence of RA in our cohort
in neither the surgery nor the control group. However, it is important to point out that the
regulation of the immune system in inflammatory diseases is highly complex, and this
cannot be reflected by the assessment of a few serum parameters, that may not necessarily
have a causal effect on the pathogenesis of the disease.

As stated before (29), one of the main limitations of this report is that RA was not among the
predefined outcomes of the SOS study and that the SOS study was not designed to
investigate the association between adiponectin and RA. Hence it is not surprising that the
number of subjects who developed RA is low. Moreover, our study is performed in a cohort
of subjects with obesity, thus making it difficult to generalize our findings to the general
population. Other studies are warranted to confirm the association between serum
adiponectin and future development of RA at a general population level. Another limitation
of the study, as previously acknowledged (29), is that the diagnosis of RA was retrieved only
by screening of the ICD codes in the Swedish National Patient Register and we may have
therefore missed some RA diagnoses.

This exploratory study suggests that high serum adiponectin predicts the development of RA
independently of other risk factors in a cohort of subjects with obesity followed up for up to
29 years. Further studies are necessary to clarify the relevance of this adipokine in the early
development of RA.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Cumulative incidence of RA in the SOS study stratified by baseline serum adiponectin and

CRP levels.

Median serum adiponectin and C-reactive protein (CRP) at baseline were 6.8 mg/L and 5.1

mg/L respectively.
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Table 1.

Serum adiponectin levels stratified by baseline characteristics.

Adiponectin, mg/L  pvaluel

SOS cohort (n0.=3693) 7.9+4.6 -
Men (n0.=1103) 6.0+3.3

<0.001
Women (no.=2590) 8.6+4.8
Age < median (n0.=1844) 7.0+£3.8

<0.001
Age > median (n0.=1849) 8.745.0
BMI < median (no.=1849) 7.9+4.7 00

.01

BMI > median (no.=1844) 7.8+4.4
Surgery (n0.=1852) 7.5%4.2

0.001
Control (no.=1841) 8.2+4.8
Diabetes ™ yes (no.=564) 6.2+3.9

<0.001
Diabetes, no (n0.=3119) 8.2+4.6
Incident RA (no.=82) 9.0+4.8 0.03
No incident RA (n0.=3611) 7.8+4.5 '
CRP < median (n0.=1852) 8.2+4.8

<0.001
CRP > median (n0.=1841) 7.5%4.2
ESR < median (no.=1820) 7.7+4.5 001
ESR > median (n0.=1796) 8.0+4.6 '
Current or former smoking, yes (n0.=2369) 7.5+4.1 0.00

<0.001
Current or former smoking, no (no.=1324) 8.6+5.1

Median age was 48 years, median BMI was 41, median CRP was 5 mg/L, and median ESR was 12 mm/h.

*
among SOS study participants included in the present report, 10 were missing information about type 2 diabetes at baseline and

Hok

77 subjects did not have ESR measured ad baseline.

fP values are adjusted for age, sex and BMI.

BMI, body-mass index; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.
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Table 2.

Potential predictors of RA - multivariable analysis.

HR (95% ClI)

P Value

Adiponectin, per 10 mg/L 1.70 (1.12-2.60)
Surgery vs control group 0.95 (0.60-1.50)
Men vs women 0.75 (0.42-1.34)
Age, per 10 years 0.97 (0.67-1.41)
BMI, per 10 kg/m? 1.09 (0.68-1.77)
ESR, per 10 mm/h 1.04 (0.85-1.27)
CRP, per 10 mg/L 1.30 (1.09-1.56)

Current or former smoking, yesvsno  1.71 (1.04-2.82)

0.01
0.82
0.33
0.87
0.72
0.71
0.005
0.04

The adjusted hazard ratios (HR) were calculated using a Cox proportional hazards models based on baseline data.

BMI, body-mass index; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; Cl, confidence interval.
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Table 3.

Hazard ratios for RA according to adiponectin and CRP levels

Unadjusted HR (95% CI)  Model 1" HR (95% CI) Modd 2" HR (95% ClI)

Adiponectin and CRP <median 1.00 (reference) 1.00 (reference) 1.00 (reference)
Adiponectin >median-CRP <median 2.26 (1.04-4.91) 2.19 (0.99-4.88) 2.03 (0.91-4.55)
Adiponectin <median-CRP >median 2.38(1.10-5.17) 2.25(1.01-5.02) 2.15(0.95-4.87)
Adiponectin and CRP >median 3.39 (1.60-7.16) 3.20 (1.44-7.08) 2.80 (1.25-6.31)

*
In Model 1, HR are adjusted for age, sex, and BMI

Hk
In Model 2, HR are adjusted for age, sex, BMI, treatment (surgery yes/no), current or former smoking, ESR, diabetes and year of inclusion in the
study.

CRP, C-reactive protein; HR, hazard ratio; CI, confidence interval; BMI, body-mass index.
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