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Abstract

Objective—To prospectively examine for the first time the association between plasma urate 

levels measured in healthy participants and future ALS risk.

Methods—A pooled case-control study nested in five US prospective cohorts comprising 

319,617 participants who provided blood, of which 275 had ALS during follow-up. Pre-diagnostic 
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plasma urate was determined for all participants using a clinical colorimetric enzyme assay. 

Gender-specific multivariable-adjusted risk ratios (RR) of ALS incidence or death estimated by 

Cox proportional hazards regression and pooled using inverse-variance weighting.

Results—In age- and matching factor-adjusted analyses, a 1 mg/dL increase in urate 

concentration was associated with RR=0.88 (95% CI: [0.78,0.997] p=0.044). After adjustment for 

BMI, a strong predictor of ALS and urate levels, and other potential covariates, the RR=0.89 (95% 

CI: [0.78, 1.02]; p=0.08 for 1mg/dL increase in urate).

Conclusion—Elevation of plasma urate was modestly inversely associated with the risk of ALS 

and warrants further study for a potential role in this disease.
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INTRODUCTION

Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disorder with a 

poorly understood etiology and few effective treatments. A role for oxidative stress in the 

pathogenesis of ALS is supported by the elevated presence of biomarkers of oxidative 

damage, and by in vivo brain imaging of oxidative stress, in sporadic ALS.(1, 2) In addition, 

lower rates of ALS among individuals with high levels of circulating α-tocopherol,(3) long-

term use of vitamin E supplements,(4, 5) and diets high in carotenoids,(6) support a role of 

oxidative stress. Urate, a potent antioxidant, can prevent oxidative damage caused by 

reactive nitrogen and oxygen species.(7–9) In humans, blood levels of urate are high relative 

to other mammals because of the evolutionary loss of a functional uricase.(10) This may be 

advantageous in the risk of Parkinson disease [PD] where in most,(11–14) but not all,(15, 

16) prospective observational studies higher concentrations of plasma urate were associated 

with lower risk of developing PD.

Data on the relation between peripheral urate levels and future ALS risk are lacking. Four 

cross-sectional studies suggest urate levels in individuals newly diagnosed with ALS are 

lower than levels in control groups.(17–20) These inverse associations, however, could 

reflect an effect of ALS, and the accompanying malnutrition and weight loss, on urate levels, 

rather than a protective effect of urate. Therefore, we assessed whether pre-diagnostic 

plasma urate predicts ALS risk in a pooled analysis of 275 individuals with ALS nested in 

five large prospective cohort studies including the Health Professionals’ Follow-up Study 

(HPFS), the Nurses’ Health Study (NHS), the Cancer Prevention II-Nutrition Cohort (CPS-

II Nutrition), the Multiethnic Cohort Study (MEC) and the Women’s Health Initiative 

(WHI).

PATIENTS AND METHODS

Study populations

The HPFS began in 1986 when 51,529 male health professionals aged 40 to 65 answered a 

mailed questionnaire pertaining to disease history and lifestyle characteristics.(21) All 
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participants were invited to provide a blood sample, and 18,018 sent samples in three 10-mL 

liquid EDTA blood tubes between April 1993 and August 1995. Twenty-six men who gave a 

blood sample developed ALS between blood draw and end of follow-up, 12/2010. The NHS 

includes 121,700 registered female nurses and began in 1976 when these women aged 35 to 

55 at baseline responded to a questionnaire similar to HPFS.(22) From May 1989 through 

September 1990, all nurses were invited to provide a blood sample, which was collected 

from 32,285. Thirty-nine nurses were identified with ALS between blood draw and end of 

follow-up, 12/2010. Follow-up of both studies continues through biennial questionnaires 

where participants in each cohort report disease occurrence and information on risk factors 

for chronic disease including dietary variables. The CPS-II Nutrition (CPS-IIN) cohort 

consists of a subpopulation of the CPS-II mortality cohort and includes 86,404 men and 

97,786 women aged 50 to 79 residing in 21 states with population based cancer surveillance.

(23) These men and women completed a mailed questionnaire in 1992 assessing various 

lifestyle and dietary factors. Updated exposure information was obtained in 1997 and 

biennially thereafter. Blood collection in CPS-IIN was coordinated by ACS staff and 

volunteers and conducted at 312 community hospitals between 1998 and June 2001. A total 

of 39,371 CPS-IIN members (55.8% women) provided a sample, and subsequently 58 

participants died of ALS during follow-up, 12/2010. The MEC cohort study is composed of 

96,937 men and 118,843 women aged 45 to 75 with self-reported racial and ethnic 

backgrounds of African-American, Japanese-American, Latino, Native Hawaiian, and white.

(24) At the study baseline in 1993–1996, participants who were living primarily in Hawaii 

and California (Los Angeles) completed a lifestyle and disease history questionnaire; 

additional mailings were sent every 5 years subsequently. Blood samples were collected 

from 67,594 members of the cohort, starting in 1996, but the main collection took place 

from 2001–2006. Thirty-one participants died of ALS between blood draw and end of 

follow-up, 12/2012. The WHI recruited 161,809 postmenopausal women aged 50 to 79 

years between 1993 and 1998 at 40 clinical centers across the United States into one or more 

arms of the clinical trial component or into the observational study (n=93,676).(25) 

Demographic and health-related characteristics were collected at baseline using standardized 

questionnaires. Blood was collected at baseline visits at WHI clinical centers from all 

participants, and 121 participants developed ALS after blood-draw until end of follow-up 

09/2012. Each of the studies included was reviewed and approved by the institutional review 

board of the institution at which the study was conducted.

Case definition

Follow-up of ALS in the CPS-IIN, MEC, and WHI was through a search of the National 

Death Index. The underlying and contributing causes of death were coded according to the 

International Classification of Diseases, Ninth Revision. All individuals with code 335.2 

(motor neuron disease) listed as the underlying or contributing cause of death were 

considered to have had ALS. In a previous validation study, it was found that the primary 

diagnoses listed on death certificates of instances where code 335.2 was listed as a cause or 

contributory cause of death were ALS (90%) and motor neuron disease without further 

specification (7%).(26)
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In NHS and HPFS incident ALS was also documented. In each biennial follow-up 

questionnaire, participants were asked to report a specific list of medically diagnosed 

conditions (initially not including ALS) and “any other major illness.” ALS was added to the 

list of specific conditions on the NHS questionnaires in 1992 onwards and on the HPFS 

questionnaires in 2000 onwards. We requested permission to contact the treating neurologist 

and for release of relevant medical records from participants who reported a diagnosis of 

ALS on the open question on major illnesses or on the specific question. Because of the 

rapidly progressive nature of the disease (median survival 2 to 3 years), many participants 

with ALS died before we could send the release request for medical records, so the request 

was sent to the closest family member. After obtaining permission, we asked the treating 

neurologists to complete a questionnaire to confirm the diagnosis of ALS and to rate the 

certainty of the diagnosis (definite, probable, or possible) and send medical records. Starting 

in 2004 the questionnaire was modified to include the El Escorial diagnostic criteria. The 

final confirmation for our study purposes was made by a neurologist with experience in ALS 

diagnosis based on the review of medical records. We relied on the diagnosis made by the 

treating neurologist if the information in the medical record was insufficient or if it could not 

be obtained. Only participants with definite and probable ALS are included as cases in the 

analyses. When we were unable to confirm (i.e., obtain a copy of the medical record or the 

neurologist’s questionnaire) incident self-reported ALS, we classified the participant as 

having ‘possible ALS’ and excluded him or her from the case-file unless death occurred 

during follow-up and ALS was listed on the death certificate. Rates of ALS in the cohorts 

combined increased with age, were consistently higher in men than women for each age-

group(27) and are similar to the age- and sex-specific ALS mortality rates for the US(28) 

and Europe.(29) Cases reported prior to blood-draw were not included.

Two randomly selected controls who were alive at the time of diagnosis and did not die from 

ALS subsequently were matched to case participants on birth year (±1 year), race, fasting 

status (>=8 hours vs. less/unknown), and year, month, and time of blood draw.

Assessment of urate

Blood samples were collected from a total of 319,617 participants. Samples were stored at 

temperatures of −70°C or below. Plasma urate concentrations were assessed via a 

colorimetric enzyme assay on the Roche P Modular system (Roche Diagnostics - 

Indianapolis, IN). In this assay, urate is oxidized by the specific enzyme uricase to form 

allantoin and peroxide, which generates a red color that absorbs at 546 nm. The intensity of 

the red color formed is proportional to the urate concentration in the sample. In our samples 

the CVs for urate were <1% across cohorts.

Assessment of covariates

Information on other covariates of interest including smoking status, height, weight, and 

education level was collected at baseline for all cohorts, and every two years since baseline 

in HPFS and NHS. Education level attained was categorized as: no high school, some high 

school, beyond high school; and smoking status as: never, past, or current smoker. The 

nearest covariate data collected prior to or at the time blood draw were used.

O’Reilly et al. Page 4

Amyotroph Lateral Scler Frontotemporal Degener. Author manuscript; available in PMC 2019 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Statistical analysis

Conditional logistic regression estimated odds ratios and 95% confidence intervals; with this 

matched design study, odds ratios estimate incidence rate ratios (RR). Study- and sex-

specific quartiles were calculated based on the distribution among controls. A trend test was 

conducted using the median value for each quartile. Study- and sex-specific estimates were 

pooled using DerSimonian and Laird methods for random effects and heterogeneity was 

assessed using Q statistics.(30) Urate determined by metabolic-profile platform was log-

transformed and standardized within study and sex, to account for spurious differences that 

may have been introduced because cohort samples were processed at different times. 

Multivariable conditional logistic models included potential confounders such as BMI 

(continuous), education level (<high school, high school, >high school), and smoking status 

(never-smoker, past, current), categorized as uniformly as possible across all studies. When 

data were missing for covariates we used a missing indicator. Overall, there was <1% 

missingness across covariates. Tests of interaction between urate and potential modifiers, 

including age at ALS death (y), BMI (kg/m2), and plasma concentrations of total 

cholesterol, HDL, LDL and TGs, were performed by modeling the product of urate and the 

modifier. All statistical analyses were conducted using SAS (SAS Institute Inc., Cary, North 

Carolina), version 9.4.

RESULTS

A total of 275 individuals with ALS and pre-diagnostic blood samples were documented 

among 319,617 participants during follow-up. In men, cases were more likely to have ever 

smoked than controls, while in women, cases had a slightly lower baseline BMI.(Table 1) 

Urate levels were positively correlated with BMI (Pearson r=0.301; p<0.0001) and 

triglycerides (r=0.242, p<0.0001), and inversely correlated with HDL (r=−0.321, p<0.0001). 

Urate levels and fasting status were not correlated.

In analyses, adjusted for age in years and matching factors, the pooled relative risk (RR) for 

men and women combined for a 1-mg/dL increase in urate was 0.88 (95% CI: 0.78, 0.997; 

p=0.044). With adjustment for BMI, a strong predictor of both ALS and urate levels, the 

results were slightly attenuated (multivariable pooled RR: 0.91 [95% CI: 0.80, 1.04]). 

Further adjustment for smoking and education did not materially change the findings 

(RR=0.89; [95% CI: 0.78, 1.02]; p=0.08). (Table 2) When considered in quartiles based on 

the sex-specific distribution of urate in controls, there was a lower risk of ALS with 

ascending quartiles of urate (P for trend=0.039), but after adjustment for BMI, smoking and 

education, confidence intervals were widened, and the trend was no longer significant (P for 
trend=0.097).(Table 2) Results were similar when men and women were considered 

separately.

In sensitivity analyses, we adjusted for plasma levels of HDL, LDL and triglycerides and 

found the results were not materially affected. We observed no evidence of effect 

modification of a urate-ALS association by age at ALS death, smoking, HDL, LDL, 

triglycerides, or interval between blood collection and date of death. Results were materially 

unchanged when we removed cases that occurred in the four years after blood-draw, to 

account for potential reverse-causation.
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DISCUSSION

In this study, we observed a modestly lower future risk of ALS in individuals with higher 

levels of plasma urate than their age- and sex-matched controls. Findings were somewhat 

stronger in men and not fully explained by BMI which is a strong predictor of higher urate 

and lower ALS risk.(31, 32)

While a small number of studies have found urate measured at diagnosis was modestly 

beneficially associated with progression and survival,(33–35) to our knowledge, this is the 

first study to examine urate in blood samples taken before ALS was apparent. Four studies 

have examined the relation between plasma urate and ALS cross-sectionally. In a study in 

Israel, the mean urate level was lower in 86 patients (4.78 mg/dL) than in their 86 matched 

controls (5.76 mg/dL) (p<0.0001).(18) A weaker association was reported in a second study 

in Italy including 132 ALS patients (urate: 4.2 mg/dL) and 337 age- and sex-matched 

controls (urate 4.7 mg/dL; p=0.04 in univariate analyses, but not statistically significant in 

multivariable analyses).(19) In Korea, 136 ALS patients and 136 healthy controls were 

individually well-matched for sex, age, and BMI. Urate levels were lower in the ALS 

patients (4.5±1.17 mg/dL, mean±SD) than in the controls (5.5±1.22 mg/dL; p<0.001).(20) A 

more recent and larger study in China also reported lower urate levels in men and women 

with ALS than their age- and sex-matched controls (5.0 mg/dL in patients compared to 6.5 

mg/dL in the controls, p=0.001).(17) Because of the cross-sectional nature of the previous 

studies, the inverse relations may result from the effects of the disease, such as malnutrition 

and weight loss.

Strengths of this study include the nested design which minimizes selection bias that can 

arise when choosing controls, and the prospective design which minimizes potential for 

reverse causation, which can be particularly problematic when studying biomarkers in a 

traditional case–control design. Our study included ALS patients with various educational 

and socioeconomic backgrounds, thus limiting selection bias that may arise when patients 

are recruited solely from tertiary care centers. One limitation of our analysis is that ALS 

death rather than incidence is used in CPS-IIN, MEC, and WHI. However, due to the rapidly 

progressive nature of ALS (median survival: 2–3 years), we assume ALS death to be a 

reasonable proxy for incidence. Furthermore, previous research indicated that 80%(36) to 

90%(37) of ALS cases of motor neuron diseases were identified through the use of death 

certificates. Because the participants in this study were drawn from prospective cohorts, an 

optimal approach in order to minimize potential biases relative to other designs such as 

selecting newly diagnosed cases in a health care setting, it means the population of cases 

does not have the same distribution of sex, age, race/ethnicity as in the general ALS 

population.

Notwithstanding their observational nature, our findings are consistent with the hypothesis 

that urate prevents or delays ALS, which would justify a clinical trial of elevation of urate in 

ALS patients. Plasma urate levels at diagnosis are modestly positively associated with 

progression and survival,(33–35) and oxidative stress has been implicated in motor neuron 

degeneration and astrocyte dysfunction in ALS pathogenesis.(38, 39) Several in vitro and in 
vivo studies suggest a neuroprotective effect of urate, the body’s most potent antioxidant, 
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and its precursor, inosine.(40) In Parkinson disease (PD), urate has been associated with 

lower risk and slower progression.(12, 41–43) A subsequent randomized clinical trial of 

urate elevation in early PD patients found inosine was generally safe, tolerable, and effective 

in raising serum and cerebrospinal fluid urate levels.(44)

Conclusion

In this prospective examination of pre-diagnostic urate levels and ALS risk, we found a 

modest inverse relation. These findings, if confirmed, would support further exploration of 

the therapeutic benefit of urate elevation in people with ALS, particularly because an 

effective treatment remains elusive.
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