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Abstract

Background—Elevated uric acid is a prevalent condition with controversial health 

consequences. Observational studies disagree with regard to the relationship of uric acid with 

mortality, and with factors modifying this relationship.

Objective—We examined the association of serum uric acid with mortality in 15,083 participants 

in the Scottish Heart Health Extended Cohort (SHHEC) Study.

Methods—Serum uric acid measured at study enrollment. Death was ascertained using both the 

Scottish death register and record linkage.

Results—During a median follow-up of 23 years, there were 3,980 deaths. In Cox proportional 

hazards models with sexes combined, those in the highest fifth of uric acid had significantly 

greater mortality (HR 1.18, 95% CI: 1.06, 1.31) compared with the second fifth, after adjustment 

for traditional cardiovascular risk factors. This relationship was modified by sex (P-interaction = 

0.002) with adjusted HRs of 1.69 (95% CI: 1.40, 2.04) and 0.99 (95% CI: 0.86, 1.14) in women 

and men, respectively. Compared with the second fifth, the highest fifth of uric acid was most 

associated with kidney-related death (HR: 2.08, 95% CI: 1.31, 3.32).

Conclusion—Elevated uric acid is associated with earlier mortality, especially in women. Future 

studies should evaluate mechanisms for these interactions and explore the strong association with 

renal-related mortality.
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Introduction

Elevated serum uric acid is a highly prevalent condition. Over 38 million adults meet criteria 

for hyperuricemia (>416 μmol/L in men and >357 μmol/L in women) in the US alone [1]. 

Nevertheless, the implications of an elevated uric acid are incompletely elucidated. Uric acid 

has been viewed as a potent antioxidant [2] with protective effects toward inflammation and 

circulating free radicals [3]. However, multiple observational studies have demonstrated that 

elevations in uric acid are associated with excess mortality [4–8]. Such an association has 

been inconsistently reported, however [9–11]. Furthermore, whether demographic, lifestyle, 

or mortality-related risk factors modify the relationship between uric acid and mortality is an 

active area of controversy [12]. Likewise there is no consensus on the causes of death most 

associated with hyperuricemia.

The purpose of this study was to explore the relationship between uric acid and mortality, 

utilizing the large size and long-term follow-up of the Scottish Heart Health Extended 

Cohort (SHHEC) study. We evaluate whether the relationship between uric acid and 

mortality is modified by demographic, lifestyle, and risk factors related to mortality. 

Moreover, we examine whether specific causes of death are responsible for the observed 

association between uric acid and mortality.

Materials/methods

Study Population

The SHHEC study is a population-based, prospective cohort, which includes both The 

Scottish Heart Health Study [13–15] and the Scottish Multinational MONItoring of Trends 

and Determinants in CArdiovascular Disease (MONICA) Project, sharing a common 

protocol approved by ethics committees from multiple countries [14–16]. Men and women 

aged 40–59 were recruited in 1984–1987 across 25 districts of Scotland for participation in 

The Scottish Heart Health Study [13–15]. The Scottish MONICA Project recruited adults 

from Edinburgh in 1986 and north Glasgow in 1986, 1989, 1992, and 1995 [15,16]. Age 

ranges differed between studies, but overall were 25–76 years [14,15]. Participants 

completed health questionnaires, a physical examination, and a venous blood draw at study 

entry and gave written consent to being followed-up through their medical records. They 

were flagged on the National Health Service Register and matched with the Scottish record 

linkage system both for deaths and hospital admissions [17].

Serum Uric Acid

Serum uric acid was measured using a uricase-peroxidase enzymatic method on a Cobas Bio 

centrifugal analyzer standardized in a national (Wellcome) scheme. The inter-batch 

coefficient of variation (not including later MONICA surveys) was 3.6% and intra-batch was 
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0.9% [18]. Serum was separated within two hours and stored at +4°C before transfer within 

five days to Dundee where it was analyzed for uric acid on arrival [14]. Hyperuricemia was 

defined as a uric acid concentration >416 (7 mg/dL) μmol/L in men and >357 μmol/L (6 

mg/dL) in women [19].

Primary & Secondary Outcomes

The primary outcome in this study was mortality. Death was ascertained using death 

registrations and the national record linkage database through 2009 [15,17]. Examination of 

cause-specific death was accomplished using the following International Classification of 

Diseases (ICD) codes listed among causes of death on participants’ death certificates: 

cardiovascular death (ICD9 codes 390–459, ICD10 codes I00-I99), cancer-related death 

(ICD9 codes 140–239; ICD10 codes C00–C97, D00–D49), or renal-related death (ICD9 

codes 580–586; ICD10 codes N00–N19). Cardiovascular-related deaths were also examined 

in greater detail, looking specifically at congestive heart failure (ICD9 code 428; ICD10 

code I50), coronary heart disease (ICD9 codes 410–414, ICD10 codes I20–I25), 

cerebrovascular disease (ICD9 codes 430–438, ICD10 codes I60–I69), peripheral vascular 

disease (ICD9 code 443, 250.7; ICD10 code E10.5, E11.5, E12.5, E13.5, E14.5, I73), and 

thromboembolic disease (ICD9 code 444; ICD10 code I74) mortality. The above causes of 

death were not mutually exclusive. We also examined primary causes of death (these were 

mutually exclusive) in the following categories: acute coronary heart disease (ICD9 codes 

410–412, ICD10 codes I20.0–120.1, I21–24), chronic coronary heart disease (ICD9 codes 

413–4, ICD10 codes I20.8–20.9, I25), acute stroke (ICD9 codes 435, ICD10 codes I63–64), 

chronic cerebrovascular disease (ICD9 code 437, ICD10 codes I65-I67), other 

cardiovascular disease (ICD9 codes 390–409, 415–429, 440–459, ICD10 codes I00–15, I26–

52, I70–99), respiratory disease (ICD9 codes 460–519, ICD10 codes J00-J99), cancer (ICD 

9 codes 140–239; ICD 10 codes C00–C97, D00–D49), and all other causes of death.

Risk Factors Related to Mortality

Study personnel were trained in data collection, following standardized protocols described 

elsewhere [13,14]. Age, sex, blood pressure medication use, diabetes mellitus status, 

smoking status, number of cigarettes per day, and daily alcohol consumption were self-

reported. Systolic and diastolic blood pressures were based on an average of 2 

measurements; body mass index (BMI) was assessed during the physical examination at 

baseline. Total cholesterol and high density lipoprotein cholesterol (HDLc) were measured 

in serum specimens. The Scottish Index of Multiple Deprivation (SIMD), derived from 

postcode variables, was used to indicate social status, with higher values indicating greater 

deprivation [15,20]. Estimated glomerular filtration rate (eGFR) based on measured serum 

creatinine was calculated with The Chronic Kidney Disease Epidemiology Collaboration 

equation [21].

Statistical Analyses

Our study population was limited to the participants who were not missing a valid uric acid 

measurement (N = 1,811) and who were not missing risk factors at baseline thought to be 

related to mortality (N = 1,213). Baseline study population characteristics were summarized 

via means and proportions across fifths of uric acid. Trends were evaluated across fifths via 
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linear or logistic regression using the median uric acid value in each fifth as an ordinal 

variable. Trends models were adjusted for age and sex. The distribution of uric acid 

concentrations by mortality status was compared via two-sample Kolmogorov-Smirnov 

equality-of-distributions tests, and the medians of the distributions were compared via 

quantile regression.

Crude cumulative incidence across uric acid fifths was examined via Kaplan-Meier curves 

with the trend across curves assessed via a logrank test. Nested Cox proportional hazard 

models were utilized to compare the relationship of uric acid fifths, hyperuricemia (>416 

μmol/L in men and >357 μmol/L in women), or uric acid as a continuous variable (per 100 

μmol/L) with the risk of mortality. Model 1 was adjusted for age and sex. Model 2 was 

adjusted for Model 1 covariates as well as systolic blood pressure, diastolic blood pressure, 

blood pressure-lowering medication use, a systolic blood pressure-blood pressure 

medication use interaction term, BMI, total cholesterol, HDLc, smoking status, diabetes 

mellitus, and daily alcohol consumption. Model 3 was adjusted for all the covariates in 

Model 2 plus SIMD. A restricted cubic spline model with knots at each of the fifth cutpoints 

was utilized to visualize the continuous relationship between uric acid and the hazard of 

mortality after adjusting for all Model 3 covariates. Both splines and survival models utilized 

the second fifth as the reference due to the observation of a mild increase in hazard in the 

lowest fifth. Trends were evaluated across fifths in Cox proportional hazard models using the 

median value of uric acid in each fifth as an ordinal variable.

With the second fifth as a reference, we examined the risk of mortality in strata of baseline 

covariates, namely, age (<40, 40–49, 50–59, and ≥60 years), sex, hypertension status 

(defined as systolic blood pressure ≥140 mmHg, diastolic blood pressure ≥90 mmHg, or 

blood pressure lowering medication use), smoking status (current, yes or no), high total 

cholesterol (≥ 6.22 mmol/L, yes or no), low HDLc (women <1.295 mmol/L; men <1.036 

mmol/L, yes or no), obese (BMI ≥30 or <30 kg/m2), diabetes (yes or no), alcohol use (none 

or any), and the SIMD (> median value of 22.7 units, yes or no). Each comparison was 

adjusted for all the Model 3 covariates. Interaction terms were added to Model 3 to 

determine whether or not the strata were significantly different. We also performed a 

sensitivity analysis, examining the association between uric acid and mortality by sex-

specific strata, generating spline models to visualize these associations.

We characterized the different causes of death, divided into cardiovascular, cancer, and renal 

causes. Cardiovascular-related deaths were further divided into congestive heart failure, 

coronary heart disease, cerebrovascular disease, peripheral vascular disease, and 

thromboembolic mortality. Each of these mortality outcomes was examined using the same 

exposure variables described previously with adjustment for all Model 3 covariates. In 

addition we tabulated the primary cause of death by hyperuricemia status and compared the 

two with Cox proportional hazard models, using model 3 adjustments.

Finally, in a post-hoc sensitivity analysis, we evaluated whether or not adjustment for eGFR 

significantly altered our findings. This was not included in our initial models due to the high 

number of missing serum creatinine results (N = 2,472).
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Results

The mean uric acid concentration overall (N = 15,083) was 283.5 μmol/L (SD, 75.4) (Table 

1), ranging from 37.9 to 782.8 μmol/L. The proportion of the study population with 

hyperuricemia was 6.7% (N = 1,003), which was 62% men (N = 623). Age, proportion male, 

BMI, total cholesterol, systolic blood pressure, diastolic blood pressure, proportion blood 

pressure-lowering medication use, alcohol use, and the SIMD were significantly greater 

across fifths of uric acid (P for all trends <0.001). HDLc and proportion of cigarette smokers 

were lower across fifths of uric acid (P for trends both <0.001). There was no trend in 

number of cigarettes used per day among smokers. Despite demonstrating a significant trend 

across fifths, the proportion of participants with diabetes was greatest in the lowest and 

highest fifths of uric acid; although diabetes was rare in this population at baseline.

During a median of 22.7 years of follow-up (range: 3 days to 25 years), there were 3,980 

deaths (26.3%). The unadjusted cumulative incidence by fifth of uric acid may be viewed in 

Supplemental Material, Figure S1. Compared with the second fifth, the upper fifth of uric 

acid had a hazard ratio of 1.18 (95% CI: 1.06, 1.31; P = 0.003). Furthermore, there was a 

significant, graded relationship across fifths of baseline uric acid and risk of death even after 

adjustment (Model 3, P trend =0.008) (Table 2). Hyperuricemia was associated with 39% 

greater in-study mortality (HR 1.39; 95% CI: 1.24, 1.55; P <0.001). Similarly, as a 

continuous variable, uric acid (per 100 μmol/L) was significantly associated with a 1.13 

times greater risk of mortality even after fully adjusting for covariates (95% CI: 1.07, 1.19; P 
<0.001).

In a sensitivity analysis, restricting our analysis to participants without hyperuricemia 

eliminated the association between uric acid and mortality (Supplemental Material, Table 

S1). Similarly, in a sensitivity analysis using the first rather than the second fifth as a 

reference (Supplemental Material, Table S2), the upper fifth of uric acid was still associated 

with mortality risk (HR 1.14, 95% CI: 1.00, 1.29; P = 0.04). When examined in strata by 

sex, we found that uric acid was a stronger predictor in women versus men (Supplemental 

Material, Table S3, Table S4, & Figure S2).

Figure 1 demonstrates the fully adjusted hazard ratios for mortality according to uric acid 

concentration. In general, uric acid concentrations above 380 μmol/L demonstrated a 

linearly increasing relationship with mortality. This value is similar to the cutpoint for 

hyperuricemia in women (356.9 μmol/L). There was no evidence of a threshold effect for the 

risk of death. When examined by sex, we found the association to be stronger among women 

and significant at lower values of uric acid (Supplemental Material, Figure S2). Comparison 

of the probability density of uric acid by mortality status (Supplemental Material, Figure S3) 

supported the above findings, in that the baseline uric acid concentrations were higher in 

participants that experienced a fatal event versus those that did not experience a fatal event 

(P-value <0.001). Similarly, the median value of baseline uric acid concentration among 

mortality cases was 292 μmol/L versus 272 μmol/L among non-cases (P-value <0.001 via 

quantile regression).
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We compared the hazard of participants with hyperuricemia to participants without 

hyperuricemia by strata of baseline covariates (Figure 2). While higher uric acid 

concentrations were not associated with mortality in males, there was a strong association in 

women (HR 1.68; 95% CI: 1.41, 2.00). These strata were significantly different from each 

other (P-interaction = 0.03). Similarly, we found evidence of effect modification by strata of 

HDL cholesterol (P-interaction = 0.02) and diabetes (P-interaction = 0.02).

The proportion of different causes of death among mortality cases may be seen in Table 4. 

Cardiovascular-related mortality was present in 50.9% of mortality cases and cancer in 

40.5%. Of the different diseases evaluated, uric acid (fifths, hyperuricemia, and as a 

continuous variable) was most associated with deaths where kidney disease was listed 

among the participants’ cause of death (Table 3). Hyperuricemia (not fifths of uric acid) was 

associated with mortality related to cardiovascular disease (P <0.001), cancer (P = 0.01), 

congestive heart failure (P = 0.001) and coronary heart disease (P = 0.04) (Table 3 & 

Supplemental Material S5). Although hyperuricemia was not significantly associated with 

mortality related to thromoembolic disease (P = 0.07), both the trend across fifths of uric 

acid as well as uric acid as a continuous variable (per 100 μmol/L) were significant (P-values 

of 0.008 and 0.004, respectively). When we examined primary causes of death it was found 

that hyperuricemia was associated with mortality from chronic cerebrovascular disease and 

respiratory disease (Supplemental Material, Table S6).

There was little effect on our initial findings after including eGFR in our survival models 

(Supplemental Material, Tables S7–8).

Discussion

This study represents one of the largest and longest prospective cohort studies of the 

association between uric acid and mortality risk in a general, community-based population. 

Over a median of 23 years of follow-up, we observed a strong relationship between uric acid 

and mortality, particularly among participants with hyperuricemia at baseline. Furthermore, 

we found evidence of effect modification by sex, HDLc concentration, and baseline diabetes 

status. Uric acid was most predictive of kidney-related death, although hyperuricemia was 

also significantly associated with cardiovascular disease mortality, congestive heart failure 

mortality, and cancer mortality. There was also evidence that elevated uric acid was 

associated with death related to thromboembolic disease.

Uric acid is a product of purine metabolism that is produced by xanthine oxidase as DNA 

and RNA degrades [22]. Uric acid is subsequently filtered by the glomeruli, reabsorbed in 

the proximal tubule only to be later secreted by a distal segment of the proximal tubule [23]. 

Serum concentrations of uric acid are affected by diet [24], metabolism [25], cell turnover 

[26], and kidney function [27]. There is substantial evidence suggesting that uric acid 

confers antioxidant capability to humans [28]. In fact it has been hypothesized that humans’ 

evolved inability to breakdown uric acid carried a survival advantage [3]. Despite evidence 

supporting a positive role for uric acid, multiple observational studies have demonstrated 

that uric acid is associated with mortality [4–8,29]. In our study, we observed that uric acid 

in the upper range (the highest fifth or in persons with hyperuricemia) showed the greatest 
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association with mortality. Whether or not uric acid directly contributes to mortality or is a 

surrogate of ambient disease is an active area of debate [30].

Uric acid was more strongly associated with mortality in women compared with men. This 

is consistent with a number of other observational studies that show uric acid measurements 

in women are more strongly with mortality [31–33], cardiovascular mortality 

[8,12,31,32,34,35], stroke [32], and cardiovascular events [36]. The exact mechanism of this 

relationship is unknown. The difference across sexes may be related to estrogen, which 

alters renal clearance of uric acid [31,37,38]. There is also evidence suggesting that the 

observed effect modification is mediated by differential medication use between the two 

sexes [39]. Our observation may also be due to the fact that healthy women have lower 

physiologic uric acid concentrations than men. Thus for any given uric acid concentration, 

the disease process contributing to the uric acid elevation is more severe in women 

compared to men, resulting in a stronger association with mortality.

We also found significant interactions between uric acid and baseline diabetes as well as 

HDLc. There is mounting evidence that diabetes independently lowers uric acid 

concentrations over time [40] possibly due to hyperglycemia and hyperinsulinemia [41,42]. 

As a result, it is possible that the uric acid of those participants with diabetes at baseline 

would have been higher than measured in absence of diabetes. Thus, hyperuricemia in 

participants with diabetes is likely more severe than in participants without diabetes. With 

regard HDLc, prior clinical studies have described an interaction between HDLc and uric 

acid with respect to hypertension [43]. Hypertension may mediate the interaction observed 

in our study with respect to mortality.

In our study we found that hyperuricemia was associated with cardiovascular disease-related 

mortality and more specifically mortality related to congestive heart failure or 

thromboembolic disease. Uric acid has been observed to be associated with both incident 

congestive heart failure [44,45] and mortality among persons with congestive heart failure 

[46,47]. It is thought that uric acid reflects underlying renal failure in congestive heart 

failure patients [48]. This is supported by our finding that adjustment for eGFR attenuated 

the association between uric acid and congestive heart failure-related mortality. However, as 

most fatal events occurred during the latter part of follow-up it is more likely that uric acid 

would be reflecting early declines in kidney function. We also found evidence that elevated 

uric acid was associated with mortality related to thromboembolic disease. Several animal 

models have shown that uric acid can cause activation of proliferative and inflammatory 

pathways [49] and is strongly associated with the metabolic syndrome [50], a potent risk 

factor for cardiovascular disease.

Growing evidence suggests that hyperuricemia is associated with cancer mortality [7,51–55] 

and reduced survival time among cancer patients [56]. However, the observational data is 

inconsistent [10,11,57,58]. In our study, we only found an association between 

hyperuricemia (not uric acid in fifths or as a continuous variable) and cancer mortality. This 

suggests that uric acid is only a meaningful marker of cancer-related mortality risk in the 

upper range. It is thought that uric acid is a marker of increased cell turnover from the 

underlying malignant process [26] as well as damaged cells [59]. There is also evidence that 
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it reflects and mediates anti-tumor activity [59,60]. Additional research is needed to further 

characterize the pathways behind this association.

Despite accounting for only a small proportion of deaths (5.6%), we found that uric acid was 

highly predictive of kidney-related mortality independent of eGFR. These findings are 

distinct from other observational studies [61,62]. Although uric acid is highly associated 

with existing kidney injury [27,29], its relationship with kidney disease is controversial. 

While some observational studies have shown that uric acid is associated with worsening 

kidney function [63–69] and incident chronic kidney disease [5,70–73], others have found 

that these associations were not independent of other factors [29,67]. It is possible that 

elevations in uric acid result from subclinical declines in kidney function [68], although 

emerging evidence suggests that it may play a causal role in kidney injury [74–76] via 

deposition of urate crystals in the interstitium of the renal medulla [77].

This study has a number of important clinical implications. First, it adds substantial weight 

in support of uric acid as a marker of mortality risk. Further, it helps characterize uric acid-

associated mortality, which may be useful for risk stratification in the clinical setting, 

particularly among patients who are female, who have low HDLc levels, or have a history of 

diabetes. Finally, our findings provide insight into pathways by which uric acid might be 

causal (e.g. renal disease) versus a marker of disease (e.g. cancer or cardiovascular disease), 

which may hold utility were urate-lowering therapy to be used in broader clinical 

applications such as kidney disease [78].

Strengths of this study include its large dataset, long follow-up using a national system for 

mortality surveillance, and random selection of subjects from a general population. There 

are several limitations as well. First, uric acid was only measured once, so we cannot 

account for changes in uric acid over time. Second, as all covariates were measured at 

baseline, mediators of the relationship between uric acid and cardiovascular disease cannot 

be distinguished from confounding factors. Further, factors influencing uric acid 

concentrations after baseline (for example initiation of urate-lowering therapy) could not be 

addressed in our analyses. Finally, as with all observational studies, our analyses are subject 

to residual confounding from inadequate assessment of baseline covariates or from 

unmeasured variables such as medication use, fasting glucose, or other risk factors for 

mortality.

Conclusion

In conclusion, we found that uric acid is associated with mortality, especially when mortality 

was related to kidney disease. Furthermore, we observed that uric acid was more strongly 

associated with mortality in women compared to men. Future studies are necessary to 

evaluate the underlying mechanism for this interaction by sex. Moreover, additional research 

is needed to evaluate the strong association between uric acid and renal-related mortality.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Adjusted hazard ratios (solid line) from restricted cubic spline models for mortality, using 

overall fifths of baseline uric acid. Gray shading represents the 95% confidence intervals. 

The models were expressed relative to the 40th percentile with knots specified at the 20th, 

40th, 60th, and 80th percentiles and were adjusted for age, sex, systolic blood pressure, 

diastolic blood pressure, blood pressure medication use, systolic blood pressure & 

medication use interaction, smoking status, number of cigarettes per day among smokers, 

total cholesterol, high density lipoprotein cholesterol, body mass index, baseline diabetes 

status, daily alcohol use, and the Scottish Index of Multiple Deprivation. The plots were 

truncated at the 0.5th and 99.5th percentiles. The hazard ratios are shown on a natural log 

scale. Vertical lines depict male (M) and female (F) cutpoints for hyperuricemia.
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Figure 2. 
Forest plot portraying the hazard ratio and 95% confidence interval of mortality, comparing 

participants with hyperuricemia (>416.36 μmol/L in men and >356.88 μmol/L in women) to 

participants without hyperuricemia. All strata were adjusted for age, sex, systolic blood 

pressure, diastolic blood pressure, blood pressure medication use, systolic blood pressure & 

medication use interaction, smoking status, number of cigarettes per day among smokers, 

total cholesterol, high density lipoprotein cholesterol, body mass index, baseline diabetes 

status, daily alcohol use, and the Scottish Index of Multiple Deprivation (SIMD). P-values 

comparing strata were determined using interaction terms.
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Table 2

Hazard Ratios for Mortality According to Fifths of Uric Acid Concentration, Hyperuricemia, and Continuous 

Uric Acid Concentrations (N=15,083)

Hazard Ratio (95% CI)

Model 1 Model 2 Model 3

Fifths of uric acid, μmol/L

 37.88 – 218.55 1.01 (0.90, 1.13) 1.04 (0.92, 1.16) 1.03 (0.92, 1.16)

 218.56 – 258.97 1 (reference) 1 (reference) 1 (reference)

 259.01 – 296.58 1.03 (0.93, 1.14) 1.02 (0.92, 1.13) 1.03 (0.93, 1.14)

 296.59 – 344.41 1.04 (0.94, 1.16) 1.03 (0.93, 1.14) 1.04 (0.93, 1.15)

 344.43 – 782.75 1.20 (1.08, 1.33) 1.16 (1.04, 1.29) 1.18 (1.06, 1.31)

 P trend across fifths <0.001 0.02 0.008

Hyperuricemia 1.49 (1.34, 1.65) 1.39 (1.24, 1.55) 1.39 (1.24, 1.55)

 P value <0.001 <0.001 <0.001

Uric acid per 100 μmol/L 1.15 (1.09, 1.20) 1.12 (1.07, 1.18) 1.13 (1.07, 1.19)

 P value <0.001 <0.001 <0.001

Model 1: Adjusted for age and sex

Model 2: Model 1 + systolic blood pressure, diastolic blood pressure, blood pressure medication use, systolic blood pressure & medication use 
interaction, smoking status, number of cigarettes per day among smokers, total cholesterol, high density lipoprotein cholesterol, body mass index, 
baseline diabetes status, and daily alcohol use

Model 3: Model 2 + Scottish Index of Multiple Deprivation
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Table 3

Hazard Ratios (95% CI) for Specific Causes of Mortality According to Fifths of Uric Acid Concentration, 

Hyperuricemia, and Continuous Uric Acid Concentrations (N=15,083)

Cardiovascular Mortality Cancer-related Mortality Kidney-related Mortality

Fifths of uric acid

 37.88 – 218.55 1.12 (0.95, 1.32) 0.93 (0.78, 1.10) 0.64 (0.35, 1.18)

 218.56 – 258.97 1 (reference) 1 (reference) 1 (reference)

 259.01 – 296.58 0.95 (0.82, 1.10) 0.99 (0.85, 1.15) 1.38 (0.87, 2.18)

 296.59 – 344.41 0.98 (0.84, 1.13) 0.88 (0.75, 1.03) 1.35 (0.84, 2.17)

 344.43 – 782.75 1.14 (0.98, 1.32) 1.02 (0.86, 1.21) 2.08 (1.31, 3.32)

 P trend across fifths 0.28 0.69 <0.001

Hyperuricemia 1.40 (1.21, 1.62) 1.27 (1.05, 1.53) 3.10 (2.17, 4.43)

 P value <0.001 0.014 <0.001

Uric acid per 100 μmol/L 1.11 (1.04, 1.20) 1.06 (0.98, 1.15) 1.92 (1.58, 2.34)

 P value 0.003 0.17 <0.001

All models adjusted for age, sex, systolic blood pressure, diastolic blood pressure, blood pressure medication use, systolic blood pressure & 
medication use interaction, smoking status, number of cigarettes per day among smokers, total cholesterol, high density lipoprotein cholesterol, 
body mass index, baseline diabetes status, daily alcohol use, and the Scottish Index of Multiple Deprivation
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