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Abstract

Objective—Obesity is strongly associated with incident gout risk; its association with risk of 

recurrent gout attacks has been null or weak, constituting an obesity paradox. We sought to 

demonstrate and overcome the methodologic issues associated with the obesity paradox for risk of 

recurrent gout attacks.

Methods—Using the MRFIT database, we decomposed the total effect of obesity into its direct 

and indirect (i.e., mediated) effects using marginal structural models. We also estimated the total 

effect of BMI change from baseline among incident gout patients.

Results—Of 11,816 gout-free subjects at baseline, we documented 408 incident gout cases, with 

132 developing recurrent gout attacks over a 7-year follow-up. The adjusted odds ratio (OR) for 

incident gout among obese individuals was 2.6, while that for recurrent gout attacks among gout 

patients was 0.98 (i.e., the obesity paradox). These ORs correlated well with the ORs for the 

indirect and direct effects of obesity on risk of recurrent gout attacks (i.e., 2.83 and 0.98, 

respectively). Compared with no BMI change, the OR of losing vs. gaining >5% of baseline BMI 

was 0.61 and 1.60 for recurrent gout attacks, respectively (P for trend <0.01), suggesting a dose-

response association.

Conclusion—The obesity paradox for risk of recurrent gout attacks is explained by the absence 

of the direct effect, which is often measured in conventional analyses and misinterpreted as the 

intended total effect of interest. In contrast, the BMI change analysis correctly estimated the 

intended total effect of BMI, and revealed a dose-response relationship.
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INTRODUCTION

Gout is the most common form of inflammatory arthritis in the US, affecting 8.3 million 

adults1. Gout is causally linked to hyperuricemia, and acute flares constitute one of the most 

painful conditions experienced by humans. Among many known risk factors for gout, 

obesity is the strongest modifiable risk factor for incident gout2,3. However, unlike its impact 

on incident gout, study findings for the risk of recurrent attacks of gout have been 

paradoxical. For example, a prospective study found a null association between BMI and the 

risk of recurrent attacks of gout,4 and a retrospective electronic medical record-based study 

found a substantially smaller magnitude of association than that with the risk of incident 

gout5. Such paradoxical associations in the analysis of risk factors are not unique to this 

context, and have been observed in studies of sequela (or recurrent events) in many other 

disease contexts as well, including the smoking and obesity paradox for mortality risk in 

coronary artery disease or chronic obstructive pulmonary disease; the relation of smoking, 

obesity and the Apo E4 risk allele to progression of rheumatoid arthritis, osteoarthritis and 

cognitive function decline; as well as the patent foramen ovale paradox for recurrent stroke6.

Although biological explanations for these counterintuitive results may exist, 

methodological flaws provide an enticing alternative explanation for the seemingly 

paradoxical phenomena observed in these contexts. One methodologic explanation is the 

mismatch between the study question of interest and the study design/analytic approach, 

particularly between the intended effect measure (i.e., total effect) and the effect measure 

(i.e., direct effect) actually obtained 6,7. Thus, the objectives of our study were to illustrate 

the obesity and recurrent attacks of gout paradox by clarifying the possible underlying 

mechanism and demonstrating an appropriate remedy. To that effect, we employed 

mediation analysis to clarify this paradoxical phenomenon, and we analyzed the impact of 

change in BMI after gout diagnosis on the risk of recurrent attacks of gout as a remedy to 

appropriately assess the total effect of obesity.

MATERIALS AND METHODS

Study Population

We used data from the Multiple Risk Factor Intervention Trial (MRFIT) to assess BMI and 

BMI change on the risk of incident and recurrent attacks of gout. Detailed descriptions of 

MRFIT have been published elsewhere8-11. In brief, 361,662 men were screened between 

1973 and 1976 for eligibility at 22 clinical centers. Eligibility criteria included being in the 

upper 15% of the Framingham Heart Study Risk Score12, which was based on the 

participant’s smoking, hyperlipidemia, and hypertension status. Of those deemed to be 

eligible, 12,866 men between 35 and 57 years of age were randomly assigned to either a 

special intervention group (n=6428) or the usual care group (n=6428). The MRFIT 

intervention program included smoking cessation, weight reduction, increased physical 

activity, and anti-hypertensive treatment. The men were followed annually over 7 years (total 

of 84 months), with a follow-up rate of over 90%13. The current study population consisted 

of those without a diagnosis of gout at baseline.
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Assessment of body mass index (BMI)

Height and weight were measured at baseline and every year thereafter at regularly 

scheduled clinic visits11. Body mass index (BMI) was calculated as weight in kilograms 

divided by the square of height in meters (kg/m2), and was further categorized as either ≥30 

kg/m2 (obese), 25-29.9 kg/m2 (overweight), or <25 kg/m2 (normal).

Assessment of gout

We used a case definition of gout based on participants’ positive answer to the question, 

“Have you been told by your physician that you have gout?” at the baseline visit. At 

subsequent visits, gout was defined as occurring in participants who answered affirmatively 

to the follow-up question, “Based on the medical history over the past 12 months, did you 

have gout attack?” These definitions have been successfully used in a number of gout 

studies14-16.

Assessment covariates

At baseline and every year thereafter subjects provided demographic information, including 

age, number of years of education (with those having completed college defined as those 

with a level of education ≥16 years vs. not), and a 24-hour dietary recall which included 

information on alcohol intake (defined as drinks per day: 0, ≤1, >1) and coffee intake 

(defined as cups per day: 0, ≤1, >1). Subjects also provided a detailed medical history and 

underwent a full physical examination. Procedures and protocols for each visit have been 

described in detail previously17,18. Blood pressure measurements were recorded as the 

average of two measurements. Hypertension was defined as systolic blood pressure ≥140 

mmHg, diastolic blood pressure ≥90 mmHg, or use of antihypertensive medications at each 

visit.

Statistical Analysis

To clarify the paradoxical phenomenon of obesity on the risk of recurrent attacks of gout, we 

partitioned the total effect (see Appendix text and Figures) of BMI on the risk of recurrent 

attacks of gout into direct (non-mediated) and indirect (mediated through the development of 

incident gout) effects using marginal structural models (MSM), with a pooled logistic 

regression model as a discrete-time method19,20. The exposure variable was baseline BMI, 

the intermediate variable was the occurrence of the first gout attack (i.e., incident gout), and 

recurrent attacks of gout was the outcome of interest. Inclusion of follow-up time continued 

until either the occurrence of the second gout attack, loss to follow-up, or the end of the 

study period, whichever came first. We obtained estimates of the indirect effect of obesity on 

the risk of recurrent attacks of gout (i.e., the obesity effect which was through its effect on 

incident gout), and direct effect of obesity on the risk of recurrent attacks of gout (i.e., the 

obesity effect that did not involve its effect on incident gout)20. Our multivariable model 

adjusted for age, education, alcohol and coffee intake, presence of hypertension, and diuretic 

use at baseline.

We then demonstrated a remedy to estimate the total effect of BMI on the risk of recurrent 

attacks of gout among gout patients. First, we used BMI change before and after the incident 

gout attack as an exposure variable and assessed its relation to the risk of recurrent attacks of 
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gout. Study subjects included in this analysis consisted of those with incident gout. These 

subjects were followed until either they had a recurrent attack of gout attack, were lost to 

follow-up, or the study ended. Nested in this cohort, we conducted a risk set sampling case-

control study where cases had recurrent attacks of gout at the end of the biennial follow-up 

period. For each case of recurrent attacks of gout, we randomly selected up to 10 controls 

who did not experience a recurrent attack of gout at the time of case diagnosis (i.e., index 

time), matching by the time of the first gout attack (matched risk sets). We calculated the 

percent of BMI change using the BMI just prior to the occurrence of the first gout attack. We 

categorized the percent of BMI change according to five levels: loss >5%, loss of 3.6% to 

5.0%, ± 3.5% (stable), gain of 3.6% to 5.0%, and gain >5%. Note that a 5% change is 

approximately equal to 0.15kg weight loss or gain for a person of height 1.74M, and 3.5% is 

approximately equal to 0.1 kg. We used conditional logistic regression to estimate the effect 

of BMI change on the risk of recurrent attacks of gout, adjusting for age, education, alcohol 

and coffee intake, presence of hypertension and diuretic use 12 months prior to the incident 

gout attack. We tested the dose-response relationship between BMI change and the risk of 

recurrent attacks of gout by entering the median value of each BMI change category in the 

multivariable conditional logistic regression model.

RESULTS

Of 11,896 MRFIT participants without gout at baseline, 21% of them had a normal BMI, 

55% were overweight, and 23% were obese. As shown in (Table 1, compared with the 

normal BMI group, those in the obese group tended to be less educated and have a lower 

proportion of consumption of more than one alcoholic drink per day, but tended to have a 

higher proportion of hypertension and diuretic use.

During the 7-year follow up period, 408 participants developed incident gout, among which 

132 reported recurrent attacks of gout. Baseline obesity was associated with a 2.6 increased 

risk of incident gout in the entire population (adjusted OR = 2.60, 95% CI=1.90, 3.57), but 

not with recurrent attacks of gout among patients with incident gout (adjusted OR = 0.98, 

95% CI=0.53, 1.81), confirming the presence of an obesity paradox in this dataset (see Web 

appendix supplemental Tables 1 and 2).

Results to clarify this paradoxical phenomenon using mediation analyses with inverse 

probability weighting of MSM are shown in Table 2. Compared with people of normal BMI, 

the total effect of obesity on the risk of recurrent attacks of gout (in the entire study 

population regardless of incident gout status) was almost 3-fold (adjusted OR=2.75, 95% 

CI=1.50, 5.04). The indirect effect of obesity on the risk of recurrent attacks of gout that was 

mediated by incident gout was almost the same as the total effect (adjusted OR=2.83, 95% 

CI=2.17, 3.67), whereas the direct effect of obesity that was not mediated by incident gout 

was null (adjusted OR=0.98, 95% CI: 0.71, 1.34), indicating that obesity could not have an 

impact on the risk of recurrent attacks of gout without going through its effect on incident 

gout. A similar pattern was also observed for those who were overweight.

As a remedy to resolve this paradoxical phenomenon, BMI change in relation to the risk of 

recurrent attacks of gout among gout patients are presented in Table 3. Compared with those 

Nguyen et al. Page 4

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



whose BMI was stable, subjects who lost >5% of their baseline BMI had a 40% decreased 

risk of recurrent attacks of gout, whereas those who gained >5% of their baseline BMI had a 

60% increased risk. While the individual adjusted odds ratio in each category of BMI 

change was not statistically significant (likely due to the relatively small sample size of the 

individual categories), the trend in the dose-response association between BMI change and 

risk of recurrent gout attacks was statistically significant (P for trend < 0.01).

DISCUSSION

Our objective was to provide the germane effect of obesity on risk of recurrent attacks of 

gout using an appropriate observational study design, and to clarify the methodologic 

mechanisms underlying the observed obesity paradox for the risk of recurrent attacks of gout 

in previous studies. Using a study design that measured the total effect of BMI change as the 

exposure based on a large clinical trial, we found that BMI change was associated with the 

risk of recurrent attacks of gout in a dose-responsive manner such that BMI loss decreased 

the risk, whereas BMI gain increased the risk of recurrent attacks of gout. In contrast, our 

mediation analysis found that the effect of static obesity value as the exposure on the risk of 

recurrent attacks of gout (as performed in previous studies4,5) was entirely mediated through 

its effect on incident gout (i.e., indirect effect). Conversely, there was no direct effect of 

obesity independent of its effect on incident gout, which explained why null or weak 

associations were found in previous studies4,5.

A previous prospective cohort analysis for recurrent attacks of gout among gout patients 

found a null association between obesity (BMI >=30 kg/m2) and the risk of recurrent attacks 

of gout (OR=1.0)4. Furthermore, a UK general population database analysis reported that 

obesity was weakly associated with recurrent attacks of gout (RR =1.22 as compared to 

those with a normal BMI) among gout patients5. Although these studies intended to evaluate 

the impact of obesity on recurrent attacks of gout among gout patients, their analyses 

actually estimated the effect of continued obesity status since before the study baseline (and 

gout onset). Otherwise put, these studies estimated the direct effect of obesity (not mediated 

through incident gout) in the general population (as opposed to the total effect of obesity 

among gout patients, as intended), which was found to be null according to our results. Such 

evidence derived by mismatches between the study question of interest and the study design/

analytic approach can be misconstrued such that although obesity is a risk factor for the 

development of gout, for those who have already developed gout, remaining obese does not 

contribute to an increased risk of recurrent attacks of gout. Thus, generating germane and 

intended evidence using an appropriate study design is essential for the central aim of 

evidence-based medicine and public health practice.

Such evidence can be provided by a well-conducted randomized clinical trial (RCT), 

although it would require substantial resources. Specifically, eligible subjects in the RCT 

would consist of gout patients who were overweight/obese. Subjects would be randomly 

assigned to one group receiving an intervention to promote weight loss and the other group 

would not. Then, one would be able to estimate the effect of weight loss on the risk of 

recurrent attacks of gout. Note that in such an RCT, any change in the exposure of interest 

(i.e., weight loss) would occur after the diagnosis of gout, and thus, we would be assessing 
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the total effect of weight loss on the risk of recurrent attacks of gout. Although 

observational, our exposure of interest was also BMI change (from the time of the first gout 

attack) that occurred after the initial diagnosis of gout. Thus, in principle, this analysis was 

able to emulate an RCT design and was able to provide a valid estimate of the total effect of 

weight loss or gain on the risk of recurrent attacks of gout among gout patients. Conversely, 

if there were no change in BMI, it would be impossible to ascertain such a total effect, as in 

the case of studying baseline BMI impact on the risk of recurrent attacks of gout among gout 

patients, which only provided a direct effect estimate, thus creating the paradoxical 

phenomenon observed in prior work in gout patients.

Our BMI change results agree well with several previous studies with outcomes of serum 

uric acid (SUA). In a prospective 1-year follow-up of 60 individuals with severe obesity and 

type 2 diabetes21, extreme weight reduction owing to bariatric surgery resulted in a 41% 

reduction in the proportion of patients with SUA levels higher than the usual urate-lowering 

therapy target (SUA=0.36 mmol/L [6 mg/dL]). Moreover, results from a previous analysis of 

weight change in the MRFIT study showed that increasing weight loss compared to no 

weight change resulted in an increasingly strong likelihood of achieving the usual urate-

lowering therapy target1. Similar findings were seen in a Japanese study of a dietary 

intervention22. Not only were SUA and other obesity-related cardiovascular risk factors 

lowered with weight loss as a result of a bariatric surgery intervention, but also with dietary 

restriction as well. In a relatively small dietary intervention study among 13 non-diabetic 

gout patients23, a low-calorie diet over 16 weeks achieved a weight loss of 7.7 kg, a SUA 

reduction of 0.57 to 0.47 mmol/L, and a reduction in monthly gout attacks from 2.1 to 0.6. It 

was postulated that weight loss decreased SUA levels through increasing renal excretion of 

urate and decreasing urate production, thereby decreasing the risk of recurrent attacks of 

gout.

Several issues regarding our study design warrant discussion. First, approximately 1/3 of the 

participants in our study with incident gout developed a recurrent gout attack over the follow 

up; this proportion was lower than expected. Results from an online case-crossover study 

among gout patients with at least one gout attack in the year prior found that 69% developed 

recurrent gout attacks in one year24. Since the MRFIT study was an intervention trial to 

reduce BMI and lower blood pressure, it is possible that these interventions also resulted in a 

lower incidence of recurrent gout attacks among MRFIT participants. While the proportion 

of recurrent gout attacks from our current study may not be generalizable to the typical 

population of people with existing gout, our results, which are about the biologic effect 

between BMI change and the risk of recurrent gout attacks, should be generalizable. Second, 

using the change in BMI during our study period for the assessment of recurrent attacks of 

gout may not have allowed a wide window of time for substantial BMI change. Despite the 

lack of power to indicate statistical significance for each category of percent BMI change in 

comparison with no change in assessing the risk of recurrent attacks of gout among gout 

patients, the test for a trend showed statistical significance. Moreover, we used self-reported 

gout as our outcome of interest, which may have contributed to misclassification of some 

cases. However, such misclassification would likely dilute the effect estimate toward the 

null; moreover, the same definitions have been used in prior gout studies based on MRFIT 

data.
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In conclusion, our study demonstrated methodological issues as a possible explanation for 

the perceived paradox in prior studies of the impact of obesity on the risk of recurrent 

attacks of gout, and provided an appropriate study design to address this important issue in 

gout research and care. Using a proper study design and analytic method to estimate the 

intended germane effects, we found that BMI loss decreased the risk, whereas BMI gain 

increased the risk of recurrent attacks of gout.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Significance and Innovations

• The obesity paradox for risk of recurrent attacks of gout (i.e., the null or weak 

impact of BMI on risk of recurrent attacks of gout) is likely due to a 

mismatched study design and analytic approach.

• In contrast, the analysis of BMI change can overcome this methodologic 

limitation.

• BMI loss decreased the risk of recurrent attacks of gout, whereas BMI gain 

increased the risk of recurrent attacks of gout.
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Table 1

Baseline Characteristics of Participants without Gout at Baseline in MRFIT According to BMI Category

BMI Category

Normal (<25 kg/m2) N=2539 Overweight (25-29.9 kg/m2) N=6586 Obese (≥30 kg/m2) N=2771

Age, Mean ± SD 46.7±6.0 46.4±5.9 45.8±6.0

Education (Completed College), % 28.2 28.1 23.9

Alcohol Intake, %

 0/day 8.1 7.4 7.7

 ≤1/day 34.4 37.3 42.1

 >1/day 57.5 55.3 50.2

Coffee Intake, %

 0/day 18.0 18.0 19.9

 ≤1/day 13.4 12.6 11.8

 >1/day 68.6 69.4 68.4

Hypertension, % 81.2 86.5 88.5

Diuretics, % 20.2 22.4 23.5
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