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Abstract: Objective  : We aimed to provide a model to predict the prospective development of
radiographic KOA (rKOA).
Method  : Baseline sera from 333 non-radiographic KOA subjects belonging to OA
Initiative (OAI) who developed or not, rKOA during a follow-up period of 96 months
were used in this study. The exploratory cohort included 200 subjects, whereas the
replication cohort included 133. The levels of inter-alpha trypsin inhibitor heavy chain 1
(  ITIH1), complement C3 (C3) and calcyclin (S100A6), identified in previous large
proteomic analysis, were analyzed by using sandwich immunoassays on suspension
bead arrays. The association of protein levels and clinical covariates with rKOA
incidence was assessed by combining logistic regression analysis, Receiver Operating
Characteristic analysis, Integrated Discrimination Improvement (IDI) analysis and
Kaplan-Meier curves.
Results:  Levels of ITIH1, C3 and S100A6 were significantly associated with the
prospective development of rKOA, showing an area under the curve (AUC) of 0.713
(0.624-0.802), 0.708 (0.618-0.799) and 0.654 (0.559-0.749), respectively to predict
rKOA in the replication cohort. The inclusion of ITIH1 in the clinical model (age, gender,
BMI, previous knee injury and WOMAC pain) improved the predictive capacity of the
clinical covariates (AUC=0.754 [0.670-0.838]) producing the model with the highest
AUC (0.786 [0.705-0.867]) and the highest IDI index (9%). High levels of ITIH1 were
also associated with an earlier onset of the disease.
Conclusion:  A clinical model including protein biomarkers that predicts incident rKOA
has been developed. Among the tested biomarkers, ITIH1 showed potential to improve
the capacity to predict rKOA incidence in clinical practice.
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Abstract 28 

Objective: We aimed to provide a model to predict the prospective development of 29 

radiographic KOA (rKOA). 30 

Method: Baseline sera from 333 non-radiographic KOA subjects belonging to OA 31 

Initiative (OAI) who developed or not, rKOA during a follow-up period of 96 months 32 

were used in this study. The exploratory cohort included 200 subjects, whereas the 33 

replication cohort included 133. The levels of inter-alpha trypsin inhibitor heavy chain 34 

1 (ITIH1), complement C3 (C3) and calcyclin (S100A6), identified in previous large 35 

proteomic analysis, were analyzed by using sandwich immunoassays on suspension 36 

bead arrays. The association of protein levels and clinical covariates with rKOA 37 

incidence was assessed by combining logistic regression analysis, Receiver Operating 38 

Characteristic analysis, Integrated Discrimination Improvement (IDI) analysis and 39 

Kaplan-Meier curves.  40 

Results: Levels of ITIH1, C3 and S100A6 were significantly associated with the 41 

prospective development of rKOA, showing an area under the curve (AUC) of 0.713 42 

(0.624-0.802), 0.708 (0.618-0.799) and 0.654 (0.559-0.749), respectively to predict 43 

rKOA in the replication cohort. The inclusion of ITIH1 in the clinical model (age, 44 

gender, BMI, previous knee injury and WOMAC pain) improved the predictive 45 

capacity of the clinical covariates (AUC=0.754 >0.670-0.838@) producing the model 46 

with the highest AUC (0.786 >0.705-0.867@) and the highest IDI index (9%). High levels 47 

of ITIH1 were also associated with an earlier onset of the disease. 48 

Conclusion: A clinical model including protein biomarkers that predicts incident 49 

rKOA has been developed. Among the tested biomarkers, ITIH1 showed potential to 50 

improve the capacity to predict rKOA incidence in clinical practice.  51 
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1. Introduction 75 

Osteoarthritis (OA) is one of the highest contributors to global disability and a major 76 

public health burden, mostly as a consequence of the knee OA (KOA) that is affecting 77 

almost 10% of worldwide population(1). KOA is a disease with a long asymptomatic 78 

period(2). Diagnosis is routinely based on clinical symptoms in combination with 79 

radiography, which is insensitive to measure molecular changes and thus the diagnosis 80 

occurs when the disease is already in advanced stages(3). KOA has been described to 81 

be associated with gender, age, obesity, and joint trauma(4-7). Nevertheless, it is a 82 

multifactorial disease in which a combination of both environmental and genetic factors 83 

interact(8), which turns incident KOA into a highly heterogeneous disease and difficult 84 

to predict by currently available imaging and clinical measurements.  85 

Despite the urgency driven by its prevalence, impact of disability, and socioeconomic 86 

costs(9), current therapies available to treat OA are designed to provide symptomatic 87 

relief rather than prevent the disease or slow down joint destruction(10). Without a 88 

change in the OA management, the prevalence of KOA is expected to increase by 12.5 89 

million over the next 40 years, secondary to the aging and the increasing rates of obesity 90 

in the general population(11). 91 

One of the strategies to prevent KOA would be to identify biochemical markers and 92 

clinical models associated to the incidence and the progression of this disease(12). This 93 

would allow identifying molecular events on the early stages and stratifying individuals 94 

at high risk of developing the disease. Furthermore, this may open the possibility of 95 

future development of prevention and treatment strategies to avoid or delay the advance 96 

of the disease. Therefore, the identification of biochemical markers to predict the KOA 97 

incidence at an early stage has been the focus of much research over the past few 98 

years(13-15). 99 
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In a previous large-scale proteomic approach, we verified that the levels in serum of 100 

inter-alpha trypsin inhibitor heavy chain 1 (ITIH1), complement C3 (C3), and calcyclin 101 

(S100A6), among a total of 78 proteins analyzed, were significantly elevated in patients 102 

with established KOA compared to healthy controls(16). In the present study, we aimed 103 

to qualify the potential clinical endpoint of these three proteins by investigating if their 104 

levels in serum at baseline could predict the prospective occurrence of radiographic 105 

KOA (rKOA) and be useful to develop a model to predict incident rKOA in clinics. 106 

2. Method 107 

2.1 Study design and population 108 

This work was carried out using serum samples and data from the Osteoarthritis 109 

Initiative (OAI) (https://nda.nih.gov/oai). This is a well-described multicenter 110 

prospective observational cohort study of knee OA (KOA). All methods were 111 

conducted according to the Declaration of Helsinki. An informed written consent was 112 

obtained from all participants before inclusion.  113 

The current study included the analysis of serum at baseline from two prospective 114 

subcohorts of Caucasian subjects of the OAI defined as exploratory subcohort (N=200) 115 

and replication subcohort (N=133). The OAI participants were randomly selected from 116 

those available who fulfilled three inclusion criteria: non-radiographic KOA at baseline, 117 

defined as having a Kellgren and Lawrence (KL) grade equal or lower than one (K/Ld1) 118 

in at least one knee (target knee) at baseline; data of follow-up at 96-months and, all 119 

clinical variables at baseline. Clinical variables that may have predictive value for KOA 120 

development were selected based on the specific eligibility risk factor criteria of OAI 121 

and prior published evidence (17). A sample size of 200 participants allowed to estimate 122 
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an area under the curve (AUC) with a 95% confidence interval and a precision of ±0.04, 123 

assuming an allocation ratio of 1.3 between incident and non-incident subjects at 96 124 

months follow-up in the entire OAI cohort, and an AUC of 0.7 for all the proteins under 125 

the study.  126 

After 96-months of follow-up, two specific outcome groups, with one target knee per 127 

subject, were defined: radiographic KOA (rKOA) cases, that acquire relevant 128 

radiographic KOA (K/Lt2) during the follow-up; and no radiographic KOA (no rKOA) 129 

subjects, lacking the feature of relevant radiographic KOA at the end of the study. Total 130 

knee replacements or osteotomies were not considered as rKOA. For each patient, we 131 

defined the duration in time between the first visit and the date that incident rKOA was 132 

firstly recorded (12, 24, 36, 48, 72 or 96 months).  133 

2.2 Protein analysis  134 

Sandwich immunoassays on suspension bead arrays were developed to detect the 135 

proteins ITIH1, S100A6, and C3 separately in sera. Briefly, 2 μg of capture antibodies 136 

were coupled to 5x105 activated color-coded magnetic beads (MagPlex- C, Luminex, 137 

Corp.) together with one bare bead (empty bead) and normal rabbit IgG. Efficient 138 

coupling was confirmed by using either R-phycoerythrine (PE)-labeled anti-rabbit or 139 

R-PE-labeled anti-mouse antibodies (Jackson ImmunoResearch). The detection 140 

antibodies were biotinylated in accordance with previously described protocols(18). 141 

Serum samples were centrifuged (3000 rpm for 3 min), diluted in assay buffer and heat-142 

treated at 56 °C for 30 min. Then, a pipetting robot was used to add 45 μl of diluted 143 

samples to 5 μl beads in randomized layouts across four separate 96-well plates and 144 

combined into a 384-well microtiter plate. Following an overnight incubation, beads 145 

were washed and incubated with the corresponding biotinylated detection antibody for 146 
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1h. After 3x washing of beads, 0.5 μg/ml R-PE-labeled streptavidin (Life Technologies) 147 

in PBST was incubated for 20 min and beads were finally washed and measured in 148 

PBST using the FlexMap3D instrument (Luminex, Corp.) Signals corresponding to the 149 

levels of the proteins were reported as median of at least 30 beads per bead identity as 150 

median fluorescence intensities (MFI).  151 

All assays were run blinded to the clinical information. The proteins measured in this 152 

study, the capture and detection antibodies, and their manufacturers, as well as the 153 

sample dilution for each immunoassay are listed in Supplementary Table 1.  154 

2.3 Statistical analysis 155 

Each protein measurement was normalized based on the fluorescence levels 156 

corresponding to the replicates of the control sample pools included within each plate. 157 

Samples with missing data were excluded from the data analysis. Receiver operating 158 

characteristic (ROC) curves were plotted to assess the area under the curve (AUC) with 159 

95% confidence interval (CI). 160 

Clinical data at baseline were obtained from the OAI database (https://data-161 

archive.nimh.nih.gov/oai). We performed a univariate logistic regression analysis 162 

followed by a stepwise logistic regression analysis to define a clinical model to predict 163 

rKOA incidence.  164 

The clinical model, the biomarker model, and the model combining clinical covariates 165 

and the biomarkers were performed on the exploratory subcohort. Model performance 166 

was examined on the replication subcohort. The performance between the exploratory 167 

and the replication subcohorts was compared using the following metrics of ROC curve 168 

analysis: AUC positive predictive value (PPV), negative predictive value (NPV), 169 

sensitivity and specificity. For calculating AUC, the probability threshold was set based 170 
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on highest sum of sensitivity with specificity. All discrimination measures were 171 

presented with 95% bootstrap confidence intervals, with bootstrapping techniques 172 

based on 2000 bootstrapped samples. Moreover, the integrated discrimination 173 

improvement (IDI), was included as a measure to assess performance of a prediction 174 

model. The comparison of the models was carried out through the comparison of the 175 

AUC, according to the methods described by DeLong (1988)(19) or Venkatraman and 176 

Begg (1996)(20). The roc.test function available in the pROC package of the R 177 

statistical software was used. Moreover, the integrated discrimination improvement 178 

(IDI), was included as a measure to assess performance of a prediction model. 179 

Turnbull’s extension of the Kaplan-Meier curve to interval-censored data(21) was used 180 

to estimate the cumulative probability of incidence KOA over time (survival function) 181 

according to ITIH1 levels. Therefore, ITIH1 was included as a categorical variable and 182 

grouped in tertiles, considering low levels of ITIH1 at baseline as a reference group. 183 

The rest of the categories (intermediate and high) were subsequently compared with the 184 

reference group (low). An extended Cox proportional hazard model was also used for 185 

multivariable analysis(22) and the respective 95% confidence intervals (CI) for the 186 

hazard ratios (HR) were obtained.  187 

All statistical analyses were done using IBM SPSS version 24 and R software version 188 

3.4.254. 189 

3. Results 190 

We studied 200 participants (121 females and 79 males) in the exploratory subcohort 191 

and 133 participants (78 females and 55 males) in the replication subcohort. In the 192 

exploratory cohort, 86 participants were classified as rKOA patients after 96 months 193 

follow-up and 114 as no rKOA subjects, whereas in the replication cohort, 57 were 194 
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classified as rKOA subjects and 76 as no rKOA subjects. The descriptive clinical 195 

characteristics of study participants and protein levels for the three biomarkers at 196 

baseline are presented in Table 1 along with the number of cases for the binary outcome. 197 

The univariate analysis indicated that ITIH1, C3, and S100A6 were significantly 198 

associated with incident rKOA (Table 2). The ORs corresponding to the three 199 

biomarkers were the following: 1.6 (1.4-1.8; p=1.428E-9) for ITIH1, 1.2 (1.1-1.2; 200 

p=8E-6) for C3, and 1.2 (1.0-1.4; p=0.008) for S100A6. These results indicate that an 201 

increase of 100 units of fluorescence for ITIH1 raises the odds of incident rKOA up to 202 

57.3%, whereas for C3 and S100A6 the increase on the odds is lower, 16.5% and 19.5% 203 

respectively. On the basis of receiver-operating characteristic (ROC) curve analysis we 204 

found that the three proteins were significant predictors of incident rKOA (Table 2). 205 

The highest predictive value for incident rKOA was observed for ITIH1 >AUC= 0.783; 206 

p=7.242E-12; 95% CI (0.718-0.849)@. C3 displays an AUC of 0.727 >p=3.787E-8; 95% 207 

CI (0.656-0.799)@ whereas S100A6 shows an AUC of 0.605 >p=0.011; 95% CI (0.526-208 

0.684)@. 209 

We next performed a univariate logistic regression analysis to study the individual 210 

effects of clinical covariates on the binary clinical outcome (rKOA vs no rKOA). Based 211 

on univariate models, eight variables met the p<0.05 threshold and were included in 212 

step-wise multivariable regression analyses: age, gender, BMI, frequent knee bending 213 

activity, alignment type (varus vs valgus), alignment degrees, history of knee injury and 214 

WOMAC pain score at baseline (Supplementary Table 2). Step-wise multivariable 215 

regression analysis resulted in the identification of a clinical model for incident rKOA 216 

which included complete clinical information of 200 participants from the exploratory 217 

cohort (Supplementary Table 3). The clinical model including age, gender, BMI, 218 

history of knee injury and WOMAC pain at baseline yielded an AUC of 0.816 219 
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>p=2.19E-14; 95% CI (0.756-0.875)@ to discriminate rKOA and no rKOA cases. The 220 

same model tested in the replication subcohort yielded an AUC of 0.754 >p= 5,760E-7; 221 

95% CI (0.670-0.838)@. 222 

The capacity of ITIH1, S100A6 and C3 to predict incident rKOA was firstly tested on 223 

the exploratory subcohort. The clinical relevance of ITIH1, S100A6 and C3 was 224 

assessed by comparing the AUCs between the different predictive models: the clinical 225 

model, the models including each biomarker alone, the model combining the three 226 

biomarkers, and the models including the clinical covariates (gender, age, BMI, history 227 

of knee injury and WOMAC pain) with the biomarkers, both separately or in 228 

combination (Figure 1A, 1B, 1C, 1D). Therefore, we observed that the clinical model 229 

showed higher ability than C3 and S100A6 to predict the rKOA development. However, 230 

no significant differences were observed between the predictive capacity of ITIH1 231 

alone and the clinical model (p=0.453). The model combining the three biomarkers did 232 

not provide a significantly higher predictive capacity than the clinical model (p=0.599). 233 

No significant differences were either found between ITIH1 and the combination of the 234 

three biomarkers (data not shown). The addition of each protein separately as well as 235 

the addition of the three biomarkers improved the AUC of the clinical model. However, 236 

only the addition of the biomarker ITIH1 to the clinical variables (full model) improved 237 

the predictive value achieved by the clinical model alone (AUC=0.871; p=0.0056 ;95% 238 

CI >0.822-0.920@) in the exploratory subcohort.  The characteristics of the ROC analysis 239 

for the different predictive models are specified in Supplementary Table 4. The 240 

parameters of the full model are provided in Supplementary Table 5.  241 

The predictive models performed on the exploratory subcohort were tested on the 242 

replication subcohort (Supplementary Table 6). The AUCs observed in the replication 243 
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analysis for ITIH1, C3 and S100A6 were 0.713 (p=2.7E-5; 95% CI >0.624-0.802@), 244 

0.708 (p=4E-5; 95% CI >0.618-0.799@) and 0.654 (p= 0.0026; 95% CI >0.559-0.749@), 245 

respectively to predict rKOA development. The model combining clinical covariates 246 

and ITIH1 (full model) showed the highest AUC (0.786; p=1.8148E-8; 95% CI >0.705-247 

0.867@), although it was lower than the one obtained in the exploratory subcohort 248 

(AUC=0.871; p= 0.0056; 95%CI >0.822-0.920@) (Figure 2, Table 3).   249 

IDI analysis was also performed to further explore the value of each biomarker within 250 

the clinical model in the replication subcohort. Therefore, we observed that the 251 

inclusion of ITIH1 in the clinical model produced a significant improvement of 9% (p= 252 

0.002; 95% CI>3.4%-14.5%@) in its the predictive capacity, being less when introducing 253 

C3 and S100A6, and thus supporting the relevance of ITIH1 in the predictive model 254 

(Supplementary Table 6). 255 

Exploring the differences on the predictive capacities of ITIH1, the clinical covariates 256 

and the full model between the exploratory and the replication subcohorts, we did not 257 

observe significant differences in terms of AUC (Figure 2, Table 3), indicating that the 258 

full model showed similar predictive capacity in both sample sets. For the full model 259 

the specificity and predictive values remained very similar in both exploratory and 260 

replication subcohorts.  261 

We also explored the influence of ITIH1 levels at baseline on the time to rKOA 262 

development considering the total population study (N=333). With this aim, we 263 

categorized the variable ITIH1 in tertiles according to the different fluorescence levels 264 

that were observed: low (MFI<810.159), intermediate (810.159<MFI>1048.739) and 265 

high (MFI>1048.739) levels of ITIH1. In the Cox regression analysis, we observed that 266 

individuals with intermediate and high levels of ITIH have significantly higher risk to 267 
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develop rKOA (HR=1.75; 95% CI>1.04-2.97@ and HR=3.058; 95% CI>1.86-5.03@, 268 

respectively) compared to those that have low levels (Supplementary Figure 1A). The 269 

cumulative probability of incidence rKOA over time was estimated by each interval 270 

censured. Our results show that patients with high and intermediate levels of ITIH1 at 271 

baseline have a higher expected hazard to develop rKOA within 12 months compared 272 

to those with low levels, showing probabilities of 30.9%, 18.6% and 4.9% for high, 273 

intermediate and low levels of ITIH1, respectively. This trend was observed for all 274 

intervals of time analyzed (Supplementary Table 7). These results are depicted in a 275 

Kaplan-Meier curve (Supplementary Figure 1B). 276 

4. Discussion 277 

Here, we validate the association of serum ITIH1, C3, and S100A6 with KOA described 278 

in a previous work(16) and report for the first time the potential of these biomarkers to 279 

predict the prospective development of rKOA. 280 

One of the features of a prognostic marker is the ability to predict the future occurrence 281 

of a certain disease(17). In the course of this prospective study, we showed that baseline 282 

levels of ITIH1, C3, and S100A6 were significantly associated with the development 283 

of rKOA as it shown in our univariate regression analysis (OR=1.6; OR=1.2; OR=1.2, 284 

respectively).  285 

The ultimate aim of this work was to develop a tool to predict rKOA incidence 286 

combining clinical variables and biochemical markers. This tool would avoid the 287 

radiation of the patient and the time and costs consuming resources related. 288 

Accordingly, our model to predict rKOA does not include any radiological variable but 289 

other widely known clinical variables associated with the risk of KOA development 290 

namely age, gender, BMI, previous injury, and WOMAC knee pain at baseline(23). 291 
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This clinical model showed a great capacity to predict rKOA incidence (AUC= 0.816) 292 

in the exploratory subcohort but we aimed to improve it by the addition of any of the 293 

three biomarkers. In the process of searching for the best model performance to predict 294 

rKOA, we tested the prediction capacity of the three biomarkers. Therefore, the S100A6 295 

only model showed a modest ability to predict radiographic KOA development 296 

(AUC<0.7) whereas ITIH1 and C3 showed an acceptable capacity (AUC>0.7) to 297 

identify subjects in risk of suffering rKOA. The combination of clinical covariates with 298 

the ITIH1 measurement at baseline resulted in the best performing model (full model) 299 

to predict the development of rKOA in an exploratory cohort of non-radiographic KOA 300 

subjects (N=200), yielding an AUC of 0.871. The predictive value of the full-model 301 

was replicated on another cohort of non-radiographic KOA subjects (N=133). 302 

Promisingly, the addition of ITIH1 increased the AUC of the clinical model from 0.754 303 

(0.670-0.838) to 0.786 (0.704-0.867) and the IDI (9%) in the full model. As the AUCs 304 

confidence intervals of the clinical model and the full model have some overlapping, 305 

we cannot confirm that ITIH1 certainly improves the discriminatory accuracy of the 306 

clinical model in terms of AUC. However, our results provide information related to 307 

the potential ability of ITIH1 to improve the prediction capacity of the clinical model. 308 

Clinical practice needs also prognostic tools for identifying individuals at risk of 309 

developing rKOA in the short term, which might allow new interventions targeting this 310 

population(24). In this regard, we provide data supporting the association of the 311 

baseline ITIH1 levels with the time of rKOA appearance. We show that subjects with 312 

the highest levels of ITIH1 at the beginning of the study hold the highest risk (HR=3.08) 313 

for an earlier onset of rKOA. This finding points out the potential usefulness of ITIH1 314 

to identify subjects with high risk to develop the disease in the short term.  315 
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The limiting factors, such as the heterogeneity of the KOA condition, result in an 316 

ineffective management of the disease(25). The early identification of subjects more 317 

likely to develop the disease is crucial for handling tailored preventive and therapeutic 318 

approaches(24). Despite much work on searching for prognostic biomarkers to predict 319 

incident KOA and try to prevent its development, so far only two cartilage-derived 320 

proteins, Urinary C-terminal telopeptide of collagen type II (uCTX-II), and serum 321 

COMP, have been validated as protein biomarkers to be associated with the course of 322 

this disease(26). Nevertheless, to date these biomarkers have not demonstrated to 323 

achieve a sufficient value to predict KOA development in clinical practice(27). 324 

Therefore, robust prognostic biomarkers to identify subjects in risk to develop KOA 325 

remain to be identified. Regarding this, our study shows that ITIH1 is a prognostic 326 

biomarker showing a potential capacity (AUC= 0.713 alone and AUC=0.786 in the full 327 

model) to predict incident rKOA.  328 

ITIH1 is a glycoprotein of the family of inter-alpha trypsin inhibitor (IαI) serum 329 

proteins. This protein covalently binds the hyaluronic acid (HA) molecules through 330 

their heavy chains (HC)(28, 29). The presence of HA-HC of serum IαI proteins in the 331 

extracellular matrix (ECM) has been described to play an important role not only in the 332 

stabilization of ECM(30, 31), but also in the onset of inflammation(32, 33). In the 333 

context of OA, ITIH1 has been related to the early degradation process of OA articular 334 

cartilage(34), being significantly increased in OA synovial fluid compared to RA(35), 335 

and also elevated in serum from OA patients compared to RA and healthy 336 

individuals(16). All these evidences indicated that ITIH1 is associated to OA pathology. 337 

The present work, supported by the samples and data of OAI, validates therefore the 338 

link between the protein ITIH1 and OA pathology. The clinical relevance of our work 339 

is that we report for the first time the potential capacity of ITIH1 to identify individuals 340 
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at high risk to develop rKOA either alone or in combination with clinical covariates 341 

through a two-phase approach that consisted of screening and replication on two 342 

independent sample subcohorts.  343 

Our results suggest that the measurement of circulating ITIH1 in combination with 344 

some clinical variables might have the potential to be incorporated in clinical practice 345 

to detect KOA in a pre-radiographic stage before radiographic and functional alterations 346 

in the joint integrity have occurred. Although further independent validation of the 347 

model in additional independent cohorts is required, this tool would open the window 348 

to target the potential therapeutic strategies on the high-risk individuals in order to delay 349 

the disease development.  350 
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  491 

Tables 492 
 493 
Table 1. Characteristics and covariates of the study participants.  494 

 495 

Values are mean±SD or number of patients with percentage in parentheses.  496 
BMI, Body mass index; PASE: Physical Activity Scale for the Elderly; WOMAC: Western Ontario and McMaster Universities 497 
Arthritis Index pain; JSW, joint space width; A.U, arbitrary units corresponding to the levels of the proteins 498 

 Exploratory subcohort  

(N=200) 

Replication subcohort 

(N=133) 

Clinical covariates 

 

rKOA at 

96 months 

(n=86) 

 

No KOA at 96 

months 

(n=114) 

 

rKOA at 

96 months 

(n=57) 

 

No rKOA at  

96 months 

(n=76) 

Age, years 60.7± 8.2 56.7 ± 8.4 60.3± 8.7 57.2± 8.7 

Gender, female 59 (68.6) 62 (54.4) 38(52.6) 40(66.7) 

BMI, kg/m2 29.2± 4.5 25.6± 3.4 28.6± 4.7 25.9± 4.1 

Family history of knee 

replacement 
12 (14.5) 17 (15.2) 7 (12.7) 7 (9.3) 

Frequent knee bending 

activity, n (%) yes 
67 (78.8) 58 (51.3) 39 (69.6) 52 (70.3) 

Alignment, varus or 

valgus 

15 (17.4) or 

46 (53.5) 

31 (37.8) or 

24 (29.3) 

19 (34.5) or 

27 (49.1) 

12 (25.5) or 

19 (40.4) 

Alignment valgus 

negative, degrees 
–1.31 ± 3.7 0.15 ± 3.6 –0.78 ± 3.9 –0.55 ± 3.9 

PASE 165.8 ± 83.8 183.12± 87.2 180.31± 101.11 156.48± 68.19 

History of previous knee 

injury 
23 (26.7) 17 (14.9) 15 (26.3) 9 (11.8) 

History of knee surgery 9 (10.5) 9 (7.9) 9 (15.8) 7 (9.3) 

Baseline WOMAC pain 1.65 ± 2.4 0.8 ± 2.04 1.82 ± 2.5 0.5± 1.2 

Baseline JSW 4.7± 0.9 4.7± 0.8 4.7± 0.7 4.8± 0.8 

ITIH1 (A.U) 1104.8±243.5 838.4±245.3 1091.5±297.8 916.1±546.4 

C3 (A.U) 2059.5±465.5 1665.6±583 2028.8±580.9 1654.5±637.4 

S100A6 (A.U) 808.6±230.7 720.3±219.1 852.8±226.6 714.8±216.4 
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 499 

 500 

 501 

Table 2. Biomarker assessment. Univariate analysis and prediction capacity of the 502 

three biochemical markers analyzed in this study. 503 

Meters ITIH1 C3 S100A6 

ORa 

(95% CI,  

pvalue) 

1.6 

(1.4-1.8; 1.428E-9) 

1.2 

(1.1-1.2; 8E-6) 

1.2 

(1.0-1.4; 0.008) 

c-statistic (AUC) 

(95% CI) 

0.783 

(0.718-0.849) 

0.727 

(0.656-0.799) 

0.605 

(0.526-0.684) 

Sensitivity % 

(95% CI) 

68.6 

(59.3-77.0) 

46.5 

(36.0-56.9) 

81.4 

(73.2-89.5) 

Specificity % 

(95% CI) 

80.7 

(73.6-87.0) 

90.3 

(84.2-95.6) 

36.8 

(28.0-45.6) 

PPV % 

(95% CI) 

72.9 

(65.4-80.0) 

78.6 

(67.9-88.6) 

49.3 

(45.0-53.8) 

NPV % 

(95% CI) 

77.2 

(71.8-83.0) 

69.1 

(64.9-73.6) 

72.5 

(61.8-82.6) 

OR, odd ratio CI, confidence interval; AUC, area under the curve; Sensitivity, Specificity; PPV, positive predictive 504 
value; NPV, negative predictive value 505 

a OR per 100 units increase 506 

 507 

 508 

  509 
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Table 3. Predictive capacity of the ITIH1 model, the clinical model and the full 510 

model within the exploratory and replication subcohorts.   511 

Models 
Receiver-operating 

characteristic (ROC) curve  

Exploratory 

subcohort 

Replication 

subcohort 

pvalues 

between 

the 

AUCs 

 

ITIH1 

model 

AUC  

(95% CI) 

0.783  

(0.718-0.849) 

0.713  

(0.624-0.802) 
0.214 

Sensitivity %  

(95% CI) 

68.3 

(59.3-77.0) 

73.6  

(61.4-84.2) 
 

Specificity %  

(95% CI) 

80.7 

(73.6-87.0) 

64.4 

 (53.9-75.0) 
 

PPV %  

(95% CI) 

72.9 

(65.4-80.0) 

60.8  

(53.4-69.7) 
 

NPV %  

(95% CI) 

77.2 

(71.8- 83.0) 

76.6  

(68.4-85.1) 
 

Clinical 

model 

AUC  

(95% CI) 

0.816  

(0.756-0.875) 

0.754 

(0.670-0.838) 
0.239 

Sensitivity %  

(95% CI) 

84.8  

(76.7-91.8) 

71.9 

(61.4-82.4) 
 

Specificity %  

(95% CI) 

67.5  

(58.7-75.4) 

71.5 

 (60.5-80.2) 
 

PPV %  

(95% CI) 

66.3  

(60.3-72.8) 

65.1 

 (56.6-74.1) 
 

NPV %  

(95% CI) 

85.7  

(79.5-91.8) 

77.1  

(69.6-84.8) 
 

Full 

model 

AUC  

(95% CI) 

0.871  

(0.822-0.920) 

0.786 

(0.704-0.867) 
0.081 

Sensitivity %  

(95% CI) 

81.4  

(73.2-89.5) 

54.4  

(42.1-68.4) 
 

Specificity %  

(95% CI) 

80.7  

(73.6-87.7) 

94.7 

(89.5-98.7) 
 

PPV %  

(95% CI) 

76.3  

(69.2-83.5) 

88.9 

(78.1-97.2) 
 

NPV %  

(95% CI) 

85.2  

(79.3-90.8) 

73.4  

(68.2-79.8) 
 

CI, confidence interval; AUC, area under the curve; PPV, positive predictive value; NPV, negative predictive value 512 

ITIH1 model includes only the biomarker ITIH1; Clinical model includes age, gender, BMI, history of knee injury 513 
and WOMAC pain; and full model includes the combination of the clinical model plus the biomarker ITIH1. 514 

 515 

 516 
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Figure legends 517 

Figure 1. Receiver operating characteristic curve and area under the curves 518 

(AUCs) for the different predictive models within the exploratory subcohort. A) 519 

ITIH1 only, clinical covariates (CV) only and clinical covariates in combination with 520 

ITIH1 (B) C3 only, clinical covariates (CV) only and clinical covariates in combination 521 

with C3; C) S100A6 only, clinical covariates only and clinical covariates (CV) in 522 

combination with S100A6; D) Combination of ITIH1, C3 and S100A6, clinical 523 

covariates (CV) only and clinical covariates in combination with ITIH1, C3 and 524 

S100A6. Clinical covariates include age, gender, BMI, previous injury and WOMAC 525 

pain at baseline. The comparisons between the predictive capacities of the different 526 

models are represented in the tables below each graph. *p<0.05. NA: not applicable 527 

Figure 2. Receiver operating characteristic curve and area under the curves 528 

(AUCs) for the different predictive models in the exploratory and replication 529 

subcohorts. ITIH1 only (blue line), only clinical covariates (red line) and clinical 530 

covariates (CV) in combination with ITIH1 (full model) (green line). 531 

 532 
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