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        Abstract



        
          Background:


          The use of urate lowering therapy in patients without gouty arthritis and slightly elevated uric acid levels (so called “asymptomatic” hyperuricemia) is still under debate.

        


        
          Introduction/Objectives:


          This study explores whether slightly elevated urate levels are associated with musculo-skeletal pain.

        


        
          Method:


          This cross-sectional study was conducted in a single German center. Generally healthy subjects (including patients with controlled mild hypertension, hyperlipidemia, and/or not insulin dependent type 2 diabetes) aged 20-75 years presenting for their annual routine check-up were invited to participate. Documented parameters included a full blood count, blood pressure, weight, height, prescribed medication, purine and alcohol intake, and pain assessment during the two preceding years.


          The sample size was determined by the requirement that in comparing major groups (such as men vs. women, hyperuricemia vs. normal uric levels) a difference between these groups in an attribute (such as joint pain) should be discovered with a probability of at least 90 percent.

        


        
          Results:


          In total, 600 patients (54.7%) male, (55.2% ± 13 7 years) were included in the survey. Urate levels were closely correlated to the number of patients complaining about joint pain (r=0.978). Higher urate levels were associated with a higher percentage of patients with joint pain. There was a marked increase in the percentage of patients experiencing joint pain from urate level 5 (30.8%) to 5.5 (60.9%). Lumbar spine, cervical spine, shoulder, and knee were the most common locations for joint pain. Multivariate analysis indicated weight, purine intake, alcohol consumption, administration of diuretics, creatinine, and triglycerides as factors with significant impact on the urate level. Of all tested variables, only serum urate had a significant impact on joint pain (OR 1.996; 95% CI 1.626-2.451; p<0.0001). A significant correlation between pain in various joints and urate levels was found for all most commonly affected regions.

        


        
          Conclusion:


          In this population of generally healthy subjects presenting for their annual routine check-up, results indicate the possibility of a significant impact of urate levels on joint pain.
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      INTRODUCTION


      Episodes of diffuse musculo-skeletal pain appearing in and around a joint region without a clear diagnosis, etiology and therapy are still a major problem in general medicine. A clear diagnosed gout is the most common inflammatory arthritic disease, affecting about 1% to 2% of the population [1]. Prevalence is expected to increase due to changes in diet – such as high intake of meat, fructose and beer - and the ageing of the population [2]. Clinically, gout is defined as a deposition disease, i.e. diagnosis is confirmed by the presence of monosodium urate crystals in the synovial fluid or tophi in soft tissue [1]. These crystals are responsible for acute episodes of inflammation as well as long-term sequelae due to chronic inflammation of gout [3].


      The deposition of monosodium urate results from untreated hyperuricemia. The crystallization process is temperature and pH-dependent and occurs when the theoretical saturation threshold of 6.8 mg/dL (~400 µmol/L) serum urate at 37°C is exceeded [4]. Accordingly, lowering the serum urate level and depleting the body urate pool are the established goals in the treatment of gout. To achieve this, the serum urate must be reduced below the saturation point of monosodium urate under physiological conditions. Based on these conclusions, the European League against Rheumatism (EULAR) and American Society of Rheumatism Task Forces for Gout recommend lowering serum urate levels to a target of ≤6 mg/dL (360 µmol/L) [5, 6]. For patients with tophaceous disease manifestation, the British Society of Rheumatology (BSR) and American College of Rheumatology (ACR) proposed an even stricter serum urate target of <5 mg/dL (<300 µmol/L) [5, 7]. Hence, the establishment of a target value results from biochemical observations, i.e. the crystallization process, and not from epidemiological results.


      Although hyperuricemia is an established risk factor for gout with a prevalence in the US of more than 21% [8, 9] there is still debate regarding the diagnostic value of serum urate levels. There are case reports indicating that many people with higher serum urate levels do not develop gout, while others presenting with crystal proven gout have “nearly” normal serum urate levels at the time of investigation [10]. While the usefulness of urate-lowering treatment in patients with clinical manifestations of hyperuricemia has been established, its use in asymptomatic hyperuricemia is still the object of several controversies [11]. Nevertheless evidence rises for uric acid in non-gouty patients to be an independent cardiovascular and metabolic risk factor. Asymptomatic hyperuricemia is both associated with as well as a predictor of hypertension, renal deficiency and diabetes. Therefore, uric acid is increasingly seen as part of the metabolic syndrome [12].


      Since evidence for subclinical musculo-skeletal involvement in otherwise asymptomatic individuals with hyperuricemia is lacking, urate lowering therapy to date is only indicated and reimbursed in cases of confirmed gout. Current international guidelines do not address the pharmacologic management of asymptomatic hyperuricemia due to a paucity of prospective, randomized, controlled intervention trials in that area [13]. Still there are no data available how many patients with asymptomatic hyperuricemia have to be treated to prevent one patient with gout (number needed to treat/number needed to harm). However, in a cross-sectional controlled study ultrasound findings demonstrate the signs of present monosodium urate crystal tissue deposition in both intra and extra-articular structures from asymptomatic hyperuremic individuals [14]. The present study addresses the issue whether slightly elevated urate levels are associated with musculo-skeletal pain.

    


    
      METHODS


      
        Study Design


        The association between hyperuricemia and musculo-skeletal pain was explored in a cross-sectional study conducted at a single German center from August 1999 to December 2001. This study was reviewed and approved by federal state law established Ethics Committees Counselling (reference no. OB.99).

      


      
        Participants


        Generally healthy subjects (including patients with controlled mild hypertension, hyperlipidemia, and or not insulin dependent diabetes) aged between 20 and 75 years who visited their general practitioner for their annual check-up were invited to participate in the survey. Patients having one of the following conditions were not eligible for participation: bone diseases (eg. tumors, metastasis, osteoporosis), any malignancy, systemic inflammatory disorders (such as rheumatoid arthritis, ulcerative colitis, Crohn’s disease, ankylosing spondylitis, polymyalgia rheumatica, and autoimmune thyroiditis), localized inflammations (such as tenosynovitis, bursitis, epicondylitis, and erysipelas), acute infections (such as common cold, bronchitis, and urinary tract infection) including those which resolved within 4 weeks prior to enrolment, peripheral artery disease (≥ stage IIb), venous ulcer, peripheral neuralgia, ischialgia, invasive procedures performed within the last 4 weeks, vaccinations received within 1 week prior to enrolment, intramuscular injections received within 1 week prior to enrolment. Poorly controlled patients or with renal insufficiency were not included.

      


      
        Documentation


        After informed consent, data were obtained by patient interviews and documented in a standardized questionnaire. All disease history-related questions were documented by the examining physician. In order to minimize bias, laboratory check-ups were performed by residents, who were not more familiar with the patient. Documented parameters included age, gender, weight, height, blood pressure, urate level, erythrocyte sedimentation rate (ESR), hypersensitive CRP (S-CRP), total cholesterol, high-density lipoprotein (HDL), low-density lipoprotein (LDL), creatinine, blood glucose, triglycerides, daily consumption of alcohol, meat consumption (purine intake), diuretics, other antihypertensive drugs, lipid-lowering agents, and antidiabetic drugs.


        Joint pain was measured based on patients report. In case of a positive statement for permanent or recurrent pain within the musculo-skeletal system localization was documented (joint regions). Pain duration within 19 pre-selected locations (Table 1) was documented according to the patient’s statement. Data were totaled in case of multiple occurrences at the same location.


        
          Table 1 Pre-selected joint regions for pain assessment.


          
            
              
                	Region
              

            

            
              
                	Finger region (distal interphalangeal joint)
              


              
                	Finger region (proximal interphalangeal joint)
              


              
                	Thumb basal joint region
              


              
                	Metacarpal finger region
              


              
                	Metacarpal region
              


              
                	Wrist region
              


              
                	Elbow region
              


              
                	Shoulder region
              


              
                	Cervical spine region
              


              
                	Thoracic spine region
              


              
                	Costal region
              


              
                	Lumbar spine and ileosacral region
              


              
                	Hip joint region
              


              
                	Knee region
              


              
                	Ankle joint region
              


              
                	Metatarsal region
              


              
                	Metatarsus toes region
              


              
                	Toe region
              


              
                	Great toe region
              


              
                	Other
              

            
          


        


        Since patients with bone diseases or systemic inflammatory disorders were excluded from the study pain is much better described by idiopathic arthralgia than arthritis. Clinical examination of specified locations with pain regularly did not support another diagnose.


        Values of routinely acquired blood samples were obtained after a fasting period of ≥6 h. Pain history, prescribed medication, consumption of alcohol and purine during the two preceding years were inquired. For the calculation of purine intake from meat, the following definitions were applied: One meat dish corresponded to 240 mg purine and one sausage sandwich corresponded to 55 mg purine [15].

      


      
        Statistical Analyses


        All data analyses were carried out according to a pre-established analysis plan. The collected data were analyzed with descriptive methods, using SAS 8.2 (SAS Institute Inc., Cary, NC, USA). Pearson correlation was used for the evaluation of relationships between parameters. Odds ratios were calculated by means of multiple logistic regression. All tests were two-sided, and significance was declared at the 0.05 level, unless stated otherwise.


        The sample size was determined by the requirement that in comparing major groups (such as men vs. women, hyperuricemia vs. normal uric levels) a difference between these groups in an attribute (such as joint pain) should be discovered with a probability of at least 90 percent.

      

    


    
      RESULTS


      
        Patient Disposition and Baseline Characteristics


        In total, 600 patients were included in the survey. Gender ratio was balanced (54.7% male). About 50% of patients were between 50 and 69 years old (mean 55.2 ± 13.7 years, 95% CI 54.1-56.3). Mean body mass index (25.4 ± 15.5 kg/m2, 95% CI 25.1-25.8) was lower in females compared to their male counterparts of the same age group and increased slightly with age.


        Mean purine intake from meat and sausage (148.8 ± 87.8 mg/d, 95% CI 141.9-155.8) was markedly higher in males across all age groups. There was a slight decrease with increasing age, particularly in men. Mean alcohol consumption was 17.7 ± 20.8 g/d (95% CI 16.0-19.3). Overall, there was a rise in alcohol consumption with age, whereby alcohol ingestion was noticeably lower in females compared to males.


        286 out of 600 patients (47.7%) experienced joint pain during the preceding two years. Lumbar spine (195 patients), cervical spine (72 patients), shoulder (63 patients), and knee (51 patients) were the most common locations for joint pain. The shoulder was the region with the longest period of pain (mean duration 74.9 days), followed by cervical spine (57.2 days), lumbar spine (48.6 days), and knee (37.3 days) (Fig. 1). For the other joint regions, patient numbers were too low for statistical analysis (elbow region n=20, thoracic spine region n=12, ankle joint region n=10, wrist region n=9, other regions n≤5); therefore, these were not studied in detail.


        [image: ]
Fig. (1)

        Most common locations of joint pain and mean duration of pain in days during the two preceding years.

        In women, serum urate levels increased with age, while males showed more or less constant serum urate levels around the 6 mg/dl (360 µmol/L) level (Fig. 2). Urate levels were closely correlated to the number of patients complaining about joint pain (r=0.978). Higher urate levels were associated with a higher percentage of patients with joint pain (Fig. 3). There was a marked increase in the percentage of patients experiencing joint pain from urate level 5 (30.8%) to 5.5 (60.9%).


        In our trial hyperuricemia was defined as uric acid levels exceeding 6 mg/dl for men or 5 mg/dl for women. The number of joints affected with pain was significantly higher in persons with hyperuricemia as compared to persons with normal uric acid levels. This holds true for men and for women (p < 0.001). Figs. (4 and 5) show that the number of affected joints with pain tends to rise in hyperuricemic patients. This seems to be more pronounced in women than in men.


        [image: ]
Fig. (2)

        Mean urate levels stratified by age groups.

        [image: ]
Fig. (3)

        Correlation between urate level and prevalent joint pain.

        [image: ]
Fig. (4)

        Distribution of affected joints with pain - men (p < 0.001).

        [image: ]
Fig. (5)

        Distribution of affected joints with pain - women (p < 0.001).
      


      
        Impact of Other Factors on Urate Level and Joint Pain


        All documented parameters were analyzed for their impact on the urate level. Multivariate analysis using urate level as dependent variable indicated weight, purine intake, alcohol consumption, administration of diuretics, creatinine, and triglycerides as factors with significant impact on the urate level (Table 2).


        
          Table 2 Impact of different factors on the urate level.


          
            
              
                	Variable

                	Regression coefficient

                	p
              

            

            
              
                	S-CRP

                	0.0091

                	0.6893
              


              
                	Age

                	0.0033

                	0.4378
              


              
                	Weight

                	0.0240

                	<0.0001
              


              
                	BMI

                	0.0141

                	0.5326
              


              
                	Purine intake

                	0.0017

                	0.0006
              


              
                	Alcohol consumption

                	0.0066

                	0.0023
              


              
                	Diuretics

                	0.4985

                	0.0015
              


              
                	Lipid-lowering agents

                	0.0046

                	0.9772
              


              
                	ESR

                	-0.0014

                	0.9003
              


              
                	Systolic blood pressure

                	0.0021

                	0.5805
              


              
                	Diastolic blood pressure

                	-0.0033

                	0.6052
              


              
                	Antihypertensive drugs (other than diuretics)

                	-0.0113

                	0.9294
              


              
                	Antidiabetic drugs

                	-0.4903

                	0.1264
              


              
                	Creatinine

                	2.0646

                	<0.0001
              


              
                	Glucose

                	-0.0011

                	0.6063
              


              
                	Total cholesterol

                	0.0023

                	0.4624
              


              
                	HDL

                	-0.0071

                	0.1152
              


              
                	LDL

                	-0.0006

                	0.8469
              


              
                	Triglycerides

                	0.0034

                	<0.0001
              

            
          


        


        Using multivariate logistic regression analysis, the impact of various factors on joint pain was evaluated. Of all tested variables, only serum urate had a significant impact (OR 1.996 (95% CI 1.626-2.451; p < 0.0001) on joint pain (Fig. 6). Among the factors analyzed, serum urate is the variable with the highest predictive power. If the urate level of a person is known, knowledge of additional variables, such as age, will not affect the probability for joint pain substantially. A correlation between pain in various joints and urate levels was found for all most commonly affected regions (p<0.0001 for shoulder, lumbar spine and knee; p=0.0003 for cervical spine). Fig. (7) illustrates this correlation for lumbar spine pain. Across all age groups >40 years patients experiencing pain have higher urate levels compared to pain-free patients.


        The study population was subdivided into patients with hyperuricemia and with normal uric acid levels. Hyperuricemia was defined as uric acid level exceeding 6 mg/dl for men or 5 mg/dl for women.


        The difference between men and women in the prevalence of uricemia is highly significant (p < 0.001, based on Pearson‘s test) despite the fact that the cutoff for men was higher than for women.


        Females and males with hyperuricemia had a significantly higher body weight, BMI and blood pressure. In addition females with hyperuricemia were significantly older than women with normal uric acid levels (Table 3).


        [image: ]
Fig. (6)

        Odds ratio for joint pain.

        [image: ]
Fig. (7)

        Mean urate levels in patients with and without pain in the lumbar spine region, stratified by age and gender.

        
          Table 3 Patient characteristics by uric acid level.


          
            
              
                	

                	

                	Hyperuricemia

                	Normal Uric Acid Levels

                	p-value
              

            

            
              
                	Both sexes (n)

                	 

                	238 (43.0%)

                	342 (57.0%)

                	 
              


              
                	 

                	 

                	 

                	 

                	 
              


              
                	Female (n)

                	 

                	98 (36.0%)

                	174 (64.0%)

                	 
              


              
                	 

                	 

                	Mean ± SE

                	Mean ± SE

                	 
              


              
                	 

                	Age (years)

                	60.0 ±1.25

                	52.7 ±0.99

                	< 0.0001
              


              
                	 

                	Weight (kg)

                	73.7 ± 1.51

                	63.8 ± 0.76

                	< 0.0001
              


              
                	 

                	BMI

                	27.1 ± 0.50

                	22.8 ± 0.26

                	< 0.0001
              


              
                	 

                	Syst. BP (mmHg)

                	146.7 ± 1.44

                	133.9 ± 2.03

                	< 0.0001
              


              
                	 

                	Diast. BP (mmHg)

                	92.1 ± 1.15

                	86.1 ± 0.81

                	< 0.0001
              


              
                	 

                	 

                	 

                	 

                	 
              


              
                	Male (n)

                	 

                	160 (48.8%)

                	168 (51.2%)

                	 
              


              
                	 

                	 

                	Mean ± SE

                	Mean ± SE

                	 
              


              
                	 

                	Age (years)

                	56.3 ± 1.02

                	54.6 ± 0.99

                	P = 0.1136
              


              
                	 

                	Weight (kg)

                	86.2 ± 1.18

                	81.9 ± 0.87

                	P = 0.0015
              


              
                	 

                	BMI

                	27.2 ± 0.348

                	25.4 ± 0.248

                	P < 0.0001
              


              
                	 

                	Syst. BP (mmHg)

                	143.3 ± 1.40

                	138.0 ± 1.51

                	P = 0.0052
              


              
                	 

                	Diast. BP (mmHg)

                	91.2 ± 0.995

                	88.8 ± 0.804

                	P = 0.0181
              

            
          


          


        

      

    


    
      DISCUSSION


      The present cross-sectional study evaluated the relationship between hyperuricemia and musculo-skeletal pain. In this population of generally healthy subjects (including patients with controlled mild hypertension, hyperlipidemia, and /or not insulin dependent diabetes) presenting for their annual routine check-up, mean urate levels were within the normal to slightly elevated range, whereby both, men and women, showed an increase with age, which was much stronger in women. Results indicate a possible impact of the urate level on unspecific joint pain. This correlation was significant for overall joint pain as well as for the most commonly pain-affected locations lumbar spine, cervical spine, shoulder, and knee. A comparison of urate levels demonstrated consistently higher urate levels in patients experiencing joint pain than in pain-free patients, independent of gender and across the relevant age group >40 years, which covers the broad majority of this population. A similar relationship between urate level and musculo-skeletal pain was indicated in a 1-year longitudinal study linking urate levels in women with chronic non-gouty pain to the number of pain locations [16]. The authors suggested more intensive care and rehabilitation measures for patients featuring a relatively high serum urate level, yet still within the reference range, along with pain at multiple locations [16].


      Triggered by the crystallization of urate within the joints, gout can lead to substantial morbidity by causing severe pain. While the role of hyperuricemia in the manifestation of gout is established, it is still under debate whether elevated urate levels alone are already an indication to start anti-gout treatment. According to the developed evidence-based recommendations for the diagnosis and management of gout [1, 5, 6] a raised serum urate level alone is not specific to gout [1, 6]. Nevertheless the degree of hyperuricemia is a strong predictor for an increased risk to develop gout [9]. Rheumatologic guidelines recommend a target value for uric acid in gout patients (men and women) of < 6 mg/dl [5-7].


      Emerging evidence suggests that gout is independently associated with all-cause mortality [8, 17, 18] as well as cardiovascular mortality [19]. Furthermore, several studies demonstrated that elevated urate levels were associated with an increased risk for cardiovascular mortality in CKD patients [20-22], thus strengthening the necessity to lower urate before the development of gout. Notably, for the first time, Stack et al. provided evidence in a population-based cohort trial that not only gout but also hyperuricemia alone is associated with total and cardiovascular mortality. In this context, other epidemiological studies indicated that an elevated serum urate level alone is an independent predictor of the development of chronic kidney disease (CKD) in patients with normal renal function [23] and progression of renal disease in hyperuricemic patients achieving uric acid lowering therapy could be decelerated [24]. Consequently, several interventional studies showed beneficial effects of urate lowering therapies.


      The potential additional benefits of urate lowering therapy before the manifestation of gout outlined above are backed up by ultrasonographic findings. In a cross-sectional controlled study morphostructural changes suggestive for monosodium urate deposition induced by chronic hyperuricemia were found in both intra- and extra-articular structures of clinically asymptomatic individuals [14]. Similarly, ultrasonographic examinations of patients with asymptomatic hyperuricemia revealed sonographic findings implicating an as yet silent precipitation of urate crystals [25]. This corresponds to our observation that high-sensitive CRP does not correlate with an increase in urate level and pain. Therefore, one possible crystal-mediated inflammation appears to be of a nature that is not perceptible by serological findings. In addition, crystal-independent mechanisms might be involved. Oxidative pathways seem to participate in local and systemic damage to joints. The damage seems to be based on the increased activity of xanthine oxidase in hyperuricemia, resulting in the production of reactive oxygen species (ROS) [26]. It is noteworthy that ROS generated via activated xanthine oxidase is also playing a major role in the cardio-renal-metabolic syndrome [27].


      In both ultrasonographic studies, patients with asymptomatic hyperuricemia had a mean urate level of 8.1 mg/dL (482 mmol/L) [14, 25]. In consistence with our findings, these data suggest that longstanding, untreated hyperuricemia might cause joint complaints, (e.g. unspecific pain), even if asymptomatic, probably presenting as diverse and unspecific pain. Dalbeth and coworkers introduced a new staging system for gout dividing asymptomatic hyperuricemia in two stages: hyperuricemia with and without crystal deposition [28]. Considering our findings and those of others crystal depositions should no longer be staged as asymptomatic. In this context, the sudden rise in patients with joint pain from 30.8% to 60.9% between urate levels 5.0 and 5.5 mg/dL is particularly noteworthy and may be indicative of a possible need to correct established norm values. Randomized controlled trials are required to investigate whether urate lowering therapy has a positive effect on patients with hyperuricemia and unspecific musculo-skeletal problems.


      The study has several limitations that need to be addressed. The patient reported outcome of pain is subjective and may lead to an over or underrepresentation of actual results. This cross-sectional study was carried out in a single center, therefore center bias cannot be ruled out. However, in order to minimize bias, laboratory check-ups were performed by residents who had little contact with the patients before the examination. On purpose, we forewent the use of a validated pain inventory as usually applied in pain clinics and pain studies, because only a few patients had these included in their routine check-up examination. Furthermore, there might have been a preselection in the sense of predominately pain oriented or pain-focused patients. Imaging to detect uric acid deposits in effected joints associated with pain was not performed.


      Overall, the large number of patients forms a solid data base, and the statistics performed indicate that the observed association between urate levels and musculo-skeletal pain was not random.

    


    
      CONCLUSION AND TRIAL REGISTRATION


      In this population of generally healthy subjects presenting for their annual routine check-up, results indicate the possibility of a significant impact of urate levels on joint pain.


      The increasing evidence showing depositions at elevated urate levels without a previous gout attack should stimulate further discussion whether start of gout management should be started earlier. Randomized controlled trials should be undertaken to clarify the link between elevated urate levels, monosodium urate depositions and discomfort in the patients.


      This study was reviewed and approved by federal state law established Ethics Committees Counselling (reference no. OB.99).
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