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ABSTRACT

Introduction: Knee osteoarthritis (OA), which leads to progressive disability, has been 
associated with metabolic syndrome. Metabolomics emerges as a promising tool for 
investigation of this connection. The goal of this study was to correlate the metabolic 
profile of synovial fluid of patients with knee osteoarthritis with clinical factors related to 
the development of metabolic syndrome (MetS) based on the reanalysis of a patient’s 
database from our previous study.

Methods: Patients were divided in two groups: without osteoarthritis, who underwent 
knee arthroscopy (n = 8; K-L Grade 0) and with knee OA, who underwent total knee 
arthroplasty surgery (n = 26, K-L Grades 3-4). From a database of synovial fluid 
metabolomic analysis by nuclear magnetic resonance, clinical data and collected from 
medical records, including age, sex, height and weight, and fasting blood glucose 
levels underwent multivariate analysis.

Results: Based on the metabolic profile, glycerol was increased in the group of 
patients with osteoarthritis. However, metabolomics was not able to classify patients 
into subgroups according to blood glucose ranges, body mass index and by age.

Conclusion: In a population with osteoarthritis, metabolic analysis evidences a slightly 
different profile in the analysis by age and BMI, or age and glycaemia.
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INTRODUCTION 

Knee osteoarthritis (OA) is characterized by synovial inflammation, hyaline 
cartilage degeneration and subchondral bone thickening, affecting the whole joint1. 
Metabolic syndrome (MetS) is defined by the presence of three or more clinical 
findings of hyperglycemia, obesity, dyslipidemia, and systemic hypertension, 
hence related to increased rates of cardiovascular disease and mortality2.

Obesity has long been associated to OA due to mechanical aspects of 
overweight, but it has also a role in consequence of low-grade inflammation 
leading to subchondral bone microvasculature alterations and neuromuscular 
damage3. Hypertension seems to have an independent role in OA genesis, 
compared to other MetS components, since it produces ischemic modifications 
which can compromise articular cartilage and subchondral bone, hypothetically 
due to atheroma plates formation4,5. Dyslipidemia promotes lipidic deposition in 
articular cartilage, seeming to damage its structure5. Insulin resistance, or lack 
of this hormone, hinders glucose uptake by cells, leading to an increase of 
its plasmatic concentration and impairing chondrocyte ability to maintain and 
repair extracellular matrix6.

Metabolites constitute a broad range of low molecular weight (less than 
1.5KD), which develop important roles in biological systems, allowing the 
understanding some diseases phenotypes7. Body fluids metabolites are 
influenced not only by genetics, but also by lifestyle, as diet, exercises, drug 
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uptake, intestinal microbiome, hormonal homeostasis, 
and age8. Metabolomics is a large-scale analysis 
of metabolites and is central in flux of information9. 
There are two standard methods for metabolomics, 
NMR (Nuclear Magnetic Resonance) and MS (Mass 
Spectrometry). NMR has the advantage to be more 
reproducible and be indestructible for the sample. 
In addition, NMR allows in-vivo analysis, and minor 
liquid biofluid preparation. In the context of OA, NMR 
metabolomics seems to be a promising tool in finding 
an OA biomarker useful for diagnosis, stratification, 
and treatment control10. Our group described that OA 
is related to enhanced levels of glycerol and glucose 
in the synovial fluid11.

The goal of this study was to correlate the 
synovial fluid metabolic profile of patients with and 
without knee osteoarthritis with clinical data related 
to metabolic syndrome.

MATERIAL AND METHODS

Study subjects
This study is a secondary analysis performed on 

clinical data of 34 patients included in a previous 
study11 and approved by the Institutional Ethics Board.

The population study was composed of patients 
who underwent knee arthroscopy (without knee 
OA, K-L grade 0) or replacement (with knee OA, 
K-L grades III or IV), classified according to the 
American College of Rheumatology criteria of OA12 
and Kellgreen-Lawrence OA staging13. Patients 
with gout, pseudogout, rheumatoid arthritis, lupus, 
psoryasis, hemochromatosis, chronic inflammatory 
diseases, genetic diseases, autoimmune diseases, 
and cancer were not included in the study. 
Patients with infection and previous surgery on 
the affected knee were also not included, as so 
as the ones HIV positive, hepatitis B/C positive, 
in use of immunossuppresants, chemotherapy 
or corticosteroids. All patients signed the written 
informed consent.

Radiographic analysis for OA classification 
was based on the institutional image database 
and performed with the software mDicom Viewer 
3.0.0 (Microdata).

Clinical data evaluation
Clinical data regarding age (in years), height 

(in meters) and weight (in kilograms) to calculate 
body mass index (BMI), and serum blood glucose 
(in milligrams per deciliter) were collected from 
medical records in the institutional preoperative 
evaluation form.

Regarding age, patients were stratified in two 
subgroups: inferior or equal to 70 years and superior 
to 70 years.

BMI was calculated by the ratio between weight, 
in kilograms, and height, in square meters, which 
is the most used method for calculating body 
adiposity. For BMI analysis we classified the patients 
according to the Brazilian Consensus on Obesity14 
in normal weight (18.5 to 24.9 kg/m2), overweight 
(25 to 29.9 kg/m2) and obese (≥ 30 kg/m2).

Blood glucose is measured in serum after 
8 to 12 hours fasting, without consumption of 
food or beverage, except water. In this study we 
used reference levels adapted from the Brazilian 
Consensus of Diabetes15, classified as normal 
(< 100 mg/dL), prediabetes (100 to 125 mg/dL or 
diabetes (≥ 126 mg/dL).

Metabolic evaluation of synovial fluid
Synovial fluid harvest, transport and NMR 

metabolomics analysis from the database samples 
were described as performed in a previous study11. 
For the new analysis we only used the unsupervised 
principal component analysis (PCA). All the assignments 
were performed by COLMARm (https://spin.ccic.osu.
edu/index.php/colmarm) with HSQC and TOCSY and 
1D spectra by HMDB (https://hmdb.ca/) and BMRB 
(http://www.bmrb.wisc.edu/metabolomics/).

Metabolic analysis of subgroups first included 
isolated analysis of Metabolomics by age (below and 
above 70 years), BMI (normal, overweight, and obese), 
and blood glucose levels (normal, prediabetes and 
diabetes). Then, analysis focused only on patients 
with knee OA and the associations between age and 
BMI, and age and blood glucose levels, in order to 
find if there was any metabolite able to differentiate 
these groups.

Statistical analysis
Data were collected in Microsoft Excel® spreadsheets 

and statistical analysis was performed by the software 
GraphPad Prism for Windows 5.0.

Age, BMI, and blood glucose were presented in 
average and standard deviation and compared by 
unpaired one-tailed Student´s t-test. Chi-square test 
was used to compare proportion of patients with and 
without OA and subgroups of BMI and blood glucose.

The matrix with NMR analysis data was performed 
on AMIX software (Bruker). Multivariate statistical 
analyses were done on MetaboAnalyst 4.0 (www.
metaboanalyst.ca) and normalized by the sum of peak 
intensities and pareto-scaling, besides multivariate 
principal component analysis.

Posteriorly, data from metabolomic analysis 
archives underwent multivariate analysis according 
to the clinical data obtained from medical records in 
order to identify metabolites that could discriminate 
those groups. Analysis involved patients with knee OA 
which presented age over 70 years and BMI equal 
or superior to 30 kg/m2 versus the ones with age 
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equal or inferior to 70 years and BMI below 30 kg/
m2. In the same manner we investigated patients 
with knee OA that had age over 70 years and blood 
glucose levels equal or superior to 100 mg/dL versus 
the ones with age equal or inferior to 70 years and 
blood glucose levels below 100 mg/dL. p value was 
considered significant when below 0.05.

RESULTS

Demographics
Clinical profile evidenced that patients with knee 

OA (n = 26) presented higher age, BMI, and blood 
glucose levels average than the ones without knee 
OA (n = 8), as shown in Table 1.

Table 1: Demographic data of patients included in the study.

W/OA
(n=26)

W/O OA
(n=8) p value 95% CI

OA
Classification

Grade 3: 4
Grade 4: 22 Grade 0: 8 N/A N/A

Age 67.35 ± 0.97 26.75 ± 2.4 p<0.0001* 36.10 – 45.09

Sex Male:4 Male: 8

N/A N/AFemale:22 Female:0

BMI 32.75 ± 1.1 27.26 ± 1.07 p=0.0028** 1.20 – 9.76

Blood glucose 107.6 ± 4.09 85.63 ± 3.38 p =0.0401** 6.35 – 37.63
W/OA: with OA; W/O OA: without OA; n: number of patients; CI: confidence interval; BMI: body mass index; N/A: non-applicable; * one-tailed 
unpaired t-test; ** two-tailed unpaired t-test.

Clinical data and OA
Patients with and without knee OA were then 

stratified in subgroups according to the variables BMI 
(normal, overweight and, obese) and fasting blood 
glucose level (normal, prediabetes and diabetes).

A significant association between obesity and 
OA (p  =  0.0061) was identified. It´s important to 
highlight that 7.7% patients with OA did not present 
abnormal BMI. However, no significant association 
between fasting blood glucose levels and OA was 
verified (p = 0.23).

Synovial fluid metabolic profile
To investigate if synovial fluid metabolic profile was 

related to presence of OA, age, BMI, or fasting blood 
glucose levels, registries from de Sousa et al study 
database (10) were re-evaluated by PCA (Principal 
Component Analysis) guided by clinical data.

Individuals were first classified in two distinct 
subgroups, without OA and with OA according to 
metabolic profile (Figure 1A). Original database analysis 
identified that the metabolite “glucose + glycerol”, 
chemical shift 3.56 ppm (Figure 1B) was the main 
responsible for allowing the two groups distinction, 
which was confirmed in this re-analysis. Based 
on this separation, we could proceed with further 
data analysis.

Since all OA patients were over 55 years old, 
we established a cut point of 70 years for metabolic 
analysis by age. However, PCA was not able to 

classify individuals in these two subgroups according 
to metabolic profile, as there was a clear intersection 
between the profiles in score plot (Figure 2A), and 
no assigned metabolite was able to distinguish 
patients group considering the clinical data for each 
section (Figure 2B).

PCA analysis evidenced that normal BMI patients 
presented slightly different synovial fluid metabolic 
profile than overweight and obese patients (Figure 2C), 
but no assigned metabolite was able to distinguish 
patients group considering the clinical data for each 
section (Figure 2D).

PCA analysis evidenced that normal glycaemia 
patients presented slightly different synovial fluid 
metabolic profile than prediabetic and diabetic patients 
(Figure 3A), but no assigned metabolite was able to 
distinguish patients group considering the clinical 
data for each section (Figure 3B).

Clinical data from OA patients were combined to 
verify if the association of the variables age, BMI, and 
blood glucose levels could help identifying different 
metabolic profiles.

PCA analysis evidenced, in Score Plot (Figure 
4A), that patients from subgroup A (BMI < 30 kg/
m2 and age ≤ 70 years) presented slightly different 
synovial fluid metabolic profile than patients in 
subgroup B (BMI ≥ 30 kg/m2 and age > 70 years), 
but no assigned metabolite was able to distinguish 
patients group considering the clinical data for each 
section (Figure 4B).
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Figure 1: Discrimination of patients without and with OA by metabolic profile. PCA evidenced that it was possible to 
distinguish patients without OA (red diagram) from those with OA (green diagram) by metabolic profile. A: Score-Plot, PC 
2 versus PC 1, where each dot represents one patient. Percentage in parenthesis evidence that PC1 can explain 29.6% 
of variables, and PC2 only 12%; B: Loading-Plot, where each dot represents one bucket, indicated that the metabolite 
“glucose + glycerol”, chemical dislocation 3.56 ppm was the main responsible for this distinction. OA: Osteoarthritis; 
PCA: Principal component analysis; ppm: parts per million.

Figure 2: Discrimination of patients according to age and BMI by metabolic profile. A: PCA evidenced that it was not 
possible to distinguish patients with age equal or below 70 years (red diagram) from those with age above 70 years (green 
diagram) by metabolic profile B; Loading-Plot, where each dot represents one metabolite, indicated that no assigned 
metabolite was able to distinguish patients group considering the clinical data for each section. OA: osteoarthritis; PCA: 
principal component analysis. C: PCA analysis evidenced that normal BMI patients (red diagram) presented slightly different 
metabolic profile than overweight (blue diagram) and obese patients (green diagram); D: Loading-Plot, where each dot 
represents one metabolite, indicated that no assigned metabolite was able to distinguish patients group considering the 
clinical data for each section. OA: osteoarthritis; PCA: principal component analysis.
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Figure 3: Discrimination of patients according to fasting blood glucose level by metabolic profile. PCA analysis pointed to 
convergence between normal fasting glycemia (green diagram), prediabetic (blue diagram) and diabetic (red diagram) 
patients, which impaired their distinction by metabolic profile. A: Score-Plot, PC 2 versus PC 1, where each dot represents one 
patient. Percentage in parenthesis evidence that PC1 can explain 33.4% of variables, and PC2 only 9.9%; B: Loading-Plot, 
where each dot represents one metabolite, indicated that no assigned metabolite was able to distinguish patients group 
considering the clinical data for each section. OA: osteoarthritis; PCA: principal component analysis.

Figure 4: Discrimination of OA patients according to the association between age and BMI by metabolic profile. PCA 
analysis evidenced that patients in subgroup A (BMI < 30 kg/m2 and age ≤ 70 years) presented slightly different synovial 
fluid metabolic profile than patients in subgroup B (BMI ≥ 30 kg/m2 and age > 70 years). A: Score-Plot, PC 2 versus PC 
1, where each dot represents one patient. Percentage in parenthesis evidences that PC1 can explain 38.4% of variables, 
and PC2 only 29%; B: Loading-Plot, where each dot represents one metabolite, indicated that no assigned metabolite 
was able to distinguish patients group considering the clinical data for each section. OA: osteoarthritis; BMI: body mass 
index; PCA: principal component analysis.
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Similarly, PCA analysis evidenced, in Score Plot 
(Figure 5A), that patients from subgroup C (blood 
glucose < 100 mg/dL and age ≤ 70 years) presented 
slightly different synovial fluid metabolic profile than 

patients in subgroup D (blood glucose ≥ 100 mg/dL 
and age > 70 years), but no assigned metabolite 
was able to distinguish patients group considering 
the clinical data for each section (Figure 5B).

Figure 5: Discrimination of OA patients according to the association between age and fasting blood glucose level by 
metabolic profile. PCA analysis evidenced that patients in subgroup C (blood glucose < 100 mg/dL and age ≤ 70 years) 
presented slightly different synovial fluid metabolic profile than patients in subgroup D (blood glucose ≥ 100 mg/dL and 
age > 70 years). A: Score-Plot, PC 2 versus PC 1, where each dot represents one patient. Percentage in parenthesis 
evidences that PC1 can explain 48.9% of variables, and PC2 only 17.9%; B: Loading-Plot, where each dot represents 
one metabolite, indicated that no assigned metabolite was able to distinguish patients group considering the clinical data 
for each section. OA: osteoarthritis; BMI: body mass index; PCA: principal component analysis.

DISCUSSION

Osteoarthritis (OA) is a chronic complex degenerative 
disease characterized by cartilage degradation, 
synovial inflammation, and bone thickening, besides 
osteophytes formation, affecting the synovial joint as 
a whole and leading to loss of articular function16,17.

In this research we performed an analysis 
of medical records from a database of patients 
included in a previous study11 and evaluated their 
relationship with synovial fluid metabolomic analysis. 
We confirmed the previous findings that glucose 
and glycerol were able to classify patients without 
and with knee OA. However, this classification 
according to the metabolic profile was not possible 
neither when considered age, BMI, and fasting blood 
glucose levels, nor when associating the variables 
age and BMI, or age and fasting blood glucose 
levels. In this study, an analysis using principal 
component analysis (PCA), simpler, was performed, 
since it was a database re-evaluation, under new 

parameters, stratified in classes, not performed 
before. Besides, PCA is less susceptible to data 
over fitting, permitting visualization without complex 
statistical analysis.

Synovial fluid is a plasma ultrafiltrate, containing 
additional molecules produced by cells in joint space, 
reflecting its biological phenomena. Besides, it is 
in contact with tissues affected by knee OA, as so 
as synovial fluid may represent articular tissues 
alterations more precisely than measurements made 
in blood or urine18,19.

In this study, we identified that clinical variables as 
glycaemia and obesity, as so as age, were not able 
to distinguish different patient profiles through PCA 
since this is an unsupervised analysis and, possibly, 
due to the great variability found in the samples, which 
can be explained by diet, genetics and ancestry of 
patients analyzed. Age, sex, BMI, and comorbidities 
have already been described as possible confusing 
factors in knee OA patient’s synovial fluid metabolic 
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analysis. However, in a previous study, no metabolic 
profile related to these factors was found8.

We chose 70 years old as cut point for age 
due to the profile of our OA patients include only 
the ones who underwent total knee replacement, 
and hence be aged above 55 years old. As knee 
OA incidence and severity increase with age17, we 
thought that the age of 70 years old would be able 
to identify patients with metabolic profile compatible 
with later stages of the disease. The age of 50 
years old was used as cut point previously in an 
attempt to create a predictive model of metabolite 
signatures for knee OA diagnosis, suggesting that 
phosphatidylcholine and lysophosphatidylcholine 
would be the predominant indicators of knee OA in 
older males20. Neither alteration in phosphatidylcholine 
concentrations was found. It had been previously 
demonstrated that many metabolites concentration 
is affected by sex, race or age, which is considered 
preponderant. Hence, those factors may be 
confounding factors when different groups are 
compared in clinical studies21.

Metabolic syndrome, defined by the presence of 
systemic hypertension, dyslipidemia, hyperglycemia 
and obesity, seems to increase knee OA severity, 
notably in relation to the worsening of clinical 
manifestations and prognosis, due to cumulative 
influence of metabolic disorders, in a chronic state 
of low-grade inflammation2,16,22. It was suggested that 
alterations in amino acids metabolism seems to have 
a central role in MetS23. However, although its clinical 
relevance to public health, a recent systematic review 
evidenced that few papers were published focusing 
on MetS biomarkers investigation24.

In this study, we chose BMI and fasting blood 
glucose levels, available in institutional medical 
records of patients, as clinical parameters for 
stratification analysis of metabolic profile. Analysis 
stratified by BMI evidenced that normal BMI patients 
presented slightly different synovial fluid metabolic 
profile than overweight and obese patients. However, 
this difference was not statistically significant. It has 
been reported that other studies tried to stratify 
patients by BMI, in normal and obese, according to 
the metabolic profile, using analysis as PCA. However, 
confounding factors as diet, socioeconomic status, 
physical activity, tabagism and sex, among others, 
turn this analysis harder25.

Knee OA and obesity relationships were 
investigated by untargeted serum metabolomic 
analysis and evidenced that obesity related knee 
OA presents greater oxidative stress and more 
acid medium. Besides, oxidative stress based on 
nitrogen reactive species and acidotic problems 
are increasing in obesity in contrast to non-obesity 
related knee OA26. Metabolic profiles that could 
distinguish overweight and obese adults presenting 

progressive and non-progressive signs of radiographic 
OA were identified, suggesting a role of metabolic 
factors in disease evolution27. In turn, it was also 
revealed that OA patient’s metabolic profile alters 
robustly over radiographic staging of the disease, 
with greater concentrations of malate and a tendency 
to increased concentrations of citrate, fumarate, 
and succinate in late stages of the disease. These 
findings suggest that metabolism in OA late stages 
converges to preserve energy28. Our data evidenced 
a slightly different metabolic profile of normal from 
abnormal BMI patients, but it did not allow significant 
distinction of neither of all patients by BMI, nor of 
OA patients by age and BMI based on synovial fluid 
metabolic profile.

Regarding diabetes, there are evidences that 
glucose, fructose, amino acids and lipids are altered 
both in patients with type I and II diabetes29. Similarly, 
recent study identified 12 plasma metabolites, 
by mass spectroscopy, in patients without medical 
records of diabetes (48.1% men, average age 
63.3 years), which could be related to different 
glucose metabolism indexes and insulin sensitivity 
compared to general population30. In the present 
study, analysis based on fasting glycaemia indicated 
that normal glycaemia patients presented slightly 
similar metabolic profile to prediabetic and diabetic 
patients, although no metabolite could identify this 
classification. We believe the fact that our analysis 
been performed in synovial fluid and not on plasma 
may be one of the factors responsible for this 
difference in findings between the studies.

Studies pointed out the relationship between 
type 2 diabetes and knee OA progression in any 
joint and, specially, with two times chances of 
association with knee replacement than in normal 
population31. Another study demonstrated that 
glucose homeostasis can predict individuals 
at risk for OA development, but are not able to 
distinguish cases of accelerated knee OA32. This is 
corroborated by our data, which evidenced a slightly 
different metabolic profile of normal glycaemia from 
prediabetic and diabetic patients, but it did not allow 
significant distinction of neither of all patients by 
blood glucose levels, nor of OA patients by age 
and blood glucose levels based on synovial fluid 
metabolic profile.

Finally, we identified that although patients presented 
different OA grades, age, BMI, and glycaemia, they could 
only be classified by OA absence/presence, according 
to metabolic profile.

This study presents some limitations, as the 
small sample size and incomplete medical records, 
which turned it difficult to represent all possibilities 
of profiles. Moreover, lipidogram was not available in 
medical records, and so it was not used for subgroup 
stratification for analysis, although dyslipidemia is 
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one of the components of MetS. However, we could 
analyze synovial fluid from live patients without and 
with knee OA, instead of some studies involving 
cadavers or only diseased samples.

In conclusion, metabolomics was able to classify 
patients without and with knee OA according to 
metabolic profile, due to increased glycerol and 
glucose concentration in the OA subgroup. However, 

considering only the OA patients, metabolomics 
evidenced a slightly different metabolic profile 
according to the associations between age and BMI, 
or age and glycaemia, which point out to a possible 
association between MetS with OA.
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