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Synopsis
Gout is the most prevalent inflammatory arthritis in men. The findings of several epidemiological
studies from a diverse range of countries suggest that the prevalence of gout has risen over the last
few decades. Whilst incidence data are scarce, data from the US suggests that the incidence of
gout is also rising. Evidence from prospective epidemiological studies has confirmed dietary
factors (animal purines, alcohol and fructose), obesity, the metabolic syndrome, hypertension,
diuretic use, and chronic kidney disease as clinically relevant risk factors for hyperuricemia and
gout. Low-fat dairy products, coffee, and vitamin C appear to have a protective effect. Further
prospective studies are required to examine other proposed risk factors for hyperuricaemia and
gout such as the use of B-blockers and angiotension-I1 receptor antagonists (other than losartan),
obstructive sleep apnoea, and osteoarthritis, and putative protective factors such as calcium-
channel blockers and losartan.
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Introduction

Gout is a crystal deposition disease which arises when supersaturation of body tissues with
urate occurs, leading to the formation of monosodium urate crystals (MSU) in and around
joints. It is the most prevalent inflammatory arthritis in men and is associated with impaired
quality of life [1]. Clinical manifestations include excruciatingly painful acute attacks of
gouty arthritis, the formation of tophaceous MSU crystal deposits in joints and other body
tissues, chronic joint damage, renal stone formation, and potential renal insufficiency.
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This chapter will review trends in the prevalence and incidence of gout and the
epidemiological evidence underpinning our understanding of aetiological factors for its
development including hyperuricaemia, dietary factors, comorbidities (metabolic syndrome,
renal disease and osteoarthritis (OA)), and medications. The burden of co-morbidity
associated with and caused by gout will be considered in Chapter 6. Where possible, priority
has been given to population-based prospective epidemiological studies (Table 1).

Prevalence of gout

Data from a number of countries suggest that gout is becoming more prevalent (Table 2). In
the USA, the National Health Interview Surveys asked participants about members of their
household having gout within the preceding year. The one-year period prevalence of self-
reported gout increased from 4.8/1000 in 1969 to 7.8/1000 in 1976, increasing further to
8.3/1000 in 1980 [2]. Since then, the prevalence has remained fairly stable at 8.4—-9.9/1000
[3], with the most recently published estimate being 9.4/1000 in 1996 [4]. Similarly, the
National Health and Nutrition Examination Survey (NHANES) found that the self-reported
lifetime prevalence of physician-diagnosed gout increased from 26.4/1000 in NHANES I
(1988-1994) to 37.6/1000 in NHANES 2007-2010 [5]. Furthermore, serum uric acid level
(the key causal precursor of gout and primary end-point by the FDA for gout drug approval)
has increased over the interval between the two NHANES studies [6]. Gout-related claims in
an administrative claims database increased from 2.9/1000 in 1990 to 5.2/1000 in 1999 [7].

In the UK, the estimated lifetime prevalence of gout was 2.6/1000 in 1975, 3.4/1000 in 1987
and 9.5/1000 in 1993 [8-10]. In the General Practice Research Database (GPRD), the one-
year consultation prevalence of gout was 13.9/1000 in 1999 [11]. A similar consultation
prevalence of 14.0/1000 was seen in the IMS Disease Analyzer between 2000 and 2005
[12]. Subsequently, the Royal College of General Practitioners Weekly Returns Service
(RCGP-WRS) found that the annual prevalence appeared to increase slightly from 4.3/1000
in 2001 to 4.7/1000 in 2007 [13].

Comparison of data from successive surveys undertaken in New Zealand using similar
methods shows a marked increase in the prevalence of gout in both European and Maori
subjects [14-16]. Lifetime prevalence estimates in 1958, 1966 and 1992 were 3/1000,
9/1000 and 29/1000 in European subjects respectively. Corresponding estimates in Maori
subjects were 27/1000, 60/1000 and 64/1000 respectively. More recently, a nationwide
study that used different methods of sampling and case ascertainment showed similar
prevalence estimates (i.e. 32/1000 for European subjects and 61/1000 for Maori subjects)
[17].

Data from China also suggest that gout is becoming more prevalent. Successive random
population surveys in the city of Qingdao, found the prevalence of gout to be 3.6/1,000 in
2002 increasing to 5.3/1,000 in 2004 [18,19].

There is notable variation in the prevalence of gout obtained in these studies. This is likely
explained by a combination of differing methods used for sampling and case ascertainment
and definition, different time-periods for prevalence estimation (i.e. confined-period

prevalence vs. lifetime prevalence), demographics, and differences in genetic, lifestyle, and
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co-morbid risk factor profiles in different geographical populations. However, comparison
of estimates within the same countries and within the same datasets reduces the impact of

this methodological and clinical heterogeneity, and provides sufficient evidence that gout

has become increasingly more common over the past few decades.

Incidence of gout

There are fewer studies examining the incidence of gout. In the USA, the John Hopkins
Precursors Study recruited 1216 male medical students (mean age 22.2 years) between 1948
and 1964, following them for a mean period of 29 years [20]. Sixty men developed gout,
corresponding to an incidence of 1.73 per 1000 person-years. The Health Professionals
Follow-Up Study (HPFS) [21] followed 47,150 male health professionals for 12 years,
identifying 730 cases of incident gout (incidence, 1.50 per 1,000 person-years, using the
ACR survey criteria [22]). In an analysis nested within the Framingham Heart Study, 1951
men and 2476 women who were aged between 29 and 62 years and free of gout at
recruitment in 1947 were followed-up for a median of 28 years [23]. Incidence of gout per
1000 person-years was 4.0 in men and 1.4 in women. Serial investigations of computerized
medical records from the Rochester Epidemiology Project showed that the incidence of gout
without diuretic exposure (using the ACR survey criteria [22]) doubled from 20.2/100,000
in 1977/78 to 45.9/100,000 in 1995/96, whereas the proportion of gout associated with
diuretic use decreased significantly during this period [24].

In contrast to the Rochester Epidemiology Project, data from three primary care consultation
database studies in the UK do not suggest that the incidence of gout is changing. Gout
incidence remained fairly stable in the GPRD in the 1990s, ranging from 11.9 per 10,000
person-years in 1991 to 18.0 per 10,000 person-years in 1994, before decreasing back to
13.1 per 10,000 person-years in 1999 [11]. A study using the Health Improvement Network
(THIN) UK primary care database followed 1,775,505 individuals, aged 20 to 89 years and
free of gout at baseline, for an average of 5.2 years between January 2000 and December
2007 [25]. 24,768 cases of incident gout were identified, equating to a crude incidence rate
of 2.68 per 1,000 person-years (incidence per 1,000 person-years was 4.42 in men and 1.32
in women), and incidence remained stable over the study period (2000-1: 2.67 per 1,000
person-years, 2006-7: 2.52 per 1,000 patient-years). Although the incidence of gout appears
to be higher in the later THIN study than the earlier GPRD study, data from the RCGP-WRS
found the mean annual incidence of gout to be 12.4 cases per 10,000 person-years between
1994 and 2007, without evidence of changing incidence over this period [13].

Hyperuricaemia

It has been well-established that hyperuricemia is the key causal precursor in the
development of gout. Population studies have demonstrated and quantified a direct positive
(linear to exponential) relation between serum urate levels and a future risk of gout, as
summarized here. The Normative Aging Study followed 2,046 healthy male veterans aged
21 to 81 years over a period of 14.9 years, identifying 84 new cases of acute gouty arthritis
[26]. The incidence of gout per 1,000 person-years in people with serum urate levels
<6.0mg/dl, 6.0-6.9mg/dl, 7.0-7.9mg/dI, 8.0-8.9mg/dl, 9.0-9.9mg/dl and =10.0mg/dl was
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0.8,0.9,4.1, 8.4, 43.2, and 70.2 respectively. In the Framingham Heart Study, there was a
similar marked dose-dependent increase in both incidence and relative risk (RR) of
developing gout with serum urate level (Figure 1) [23]. A study from Italy undertaken in the
Health Search/Longitudinal Patient Primary Care database also found a dose-response
relationship between serum urate levels at baseline and incident gout [27]. Compared to
those with a serum urate level <6mg/dl, the odds of incident gout were 1.75 (95%CI 1.44,
2.12) with serum urate 6—7mg/dL, rising to 6.20 (95%CI 5.32, 7.24) and 15.31 (95%ClI
12.51, 18.75) in those with serum urate 7-9mg/dl and =9mg/dI respectively. In the Kinmen
Study from Taiwan, 42 out of 223 men with hyperuricaemia but no history of gout at
baseline in 1991 had developed gout when re-examined in 1996/7, corresponding to a five-
year cumulative incidence of 18.8%. [28]. The five-year cumulative incidence was 10.8% in
those with a serum urate level of 7.0-7.9mg/dl, 27.7% with a serum urate 8.0-8.9mg/dl, and
61.1% with a serum urate =9.0mg/dl. These studies, together with the fact that effective
management of hyperuricemia prevents gout, provide convincing evidence that
hyperuricaemia is a necessary casual component for the development of gout.

Dietary factors

Although an association between gout and dietary factors, particularly purine-rich foods and
alcoholic beverages, has been recognised for centuries, it is only recently that robust
epidemiological evidence of such have emerged (Table 3). The most comprehensive
assessment of the association between gout and diet has been undertaken in the HPFS. In
this large, prospective study, a semi-quantitative food frequency questionnaire was
administered to 51,529 male health professionals at baseline and at four- and eight-year
follow-up. Over a 12-year period, 730 incident cases of gout were identified. In addition to
confirming the historical observations that excessive consumption of purine-rich foods and
alcoholic drinks are independent risk factors for gout, evidence has been provided for more
novel dietary associations: namely, that fructose and sugar-sweetened soft-drinks increase
the risk of developing gout whereas dairy products, coffee, and vitamin C appear to be
protective against the development of gout.

Purine-rich foods theoretically predispose to gout by providing exogenous substrate for
purine metabolism, the end-product of which is uric acid in humans (Figure 2). Compared
with men in the lowest quintile, men in the highest quintiles of total meat and seafood intake
had an increased risk of incident gout of 41% and 51% respectively, adjusting for age,
energy intake, body mass index (BMI), diuretic use, hypertension, renal failure, and dietary
factors including alcohol (Table 3) [21]. Consumption of purine-rich vegetables was not a
risk factor for incident gout. Men in the highest quintile of consumption of dairy products,
particularly low-fat dairy, had almost half the risk of risk of incident gout compared to those
in the lowest quintile. High-fat dairy consumption had no protective effect. The multivariate
RRs per additional daily serving were 1.21 (95%CI 1.04, 1.41) for total meat, 1.07 (95% CI
1.01, 1.12) for seafood, 0.82 (95% CI 0.75, 0.90) for total dairy, and 0.79 (95%CI 0.71,
0.87) for low-fat dairy. A recent randomized control trial (RCT) has found that intact milk
intake has an acute uricosuric urate-lowering effect [29]. Proteins contained in milk, such as
casein, lactoalbumin, and orotic acid may exert their uricosuric effects without the
concomitant purine load contained in other animal protein sources such as meat and seafood
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[29,30]. Another RCT has suggested that skimmed milk powder derivatives have anti-
inflammatory effects against acute gout flares among patients with pre-existing gout [31].

Excessive consumption of purine-rich foods has been shown to trigger recurrent gout attacks
in a novel internet-based case-crossover study in which each participant acts as their own
control, thereby allowing the effect of transient exposures on an acute event to be studied
whilst eliminating confounding due to individual characteristics that do not change during
the study period [32]. In an analysis of 1,247 recurrent gout attacks occurring over a one-
year period in 633 participants, the multivariate OR for recurrent gout attacks for each
increasing quintile of purine consumption were 1.17 (95%CI 0.88, 1.55), 1.38 (95%CI 1.02,
1.87), 2.21 (95%CIl 1.62, 3.01) and 4.76 (3.37, 6.74) respectively, compared with the lowest
quintile over a two-day period and adjusted for use of alcohol, diuretics, allopurinol,
colchicine and non-steroidal anti-inflammatory drugs.

Coffee is thought to reduce serum uric acid levels by a number of mechanisms (Figure 2). It
is rich in anti-oxidants, such as the phenol chlorogenic acid, which are thought to increase
insulin sensitivity [33,34] and in turn enhance renal urate excretion [35]. Caffeine is itself a
methyl xanthine and may therefore be a competitive inhibitor of xanthine oxidase [36], the
major enzyme in purine metabolic pathways. In a subsequent HPFS analysis, a dose-
dependent inverse relationship between the number of cups of coffee consumed per day and
incident gout was seen (0 cups, RR 1.00 referent; <1 cup, RR 0.97, 95%CI 0.78, 1.20; 1-3
cups, RR 0.92, 95%CI 0.75, 1.11; 4-5 cups, RR 0.60, 95%CI 0.41, 0.87; =6 cups, RR 0.41,
95%CIl 0.19, 0.88) [37]. A similar more modest inverse association was seen between
consumption of decaffeinated coffee and incident gout whereas no association was seen for
either tea consumption or total caffeine intake. The association between coffee consumption
and incident gout in women has been examined in the Nurses’ Health Study [38]. 89,433
female nurses who were gout-free prior to baseline were followed-up for 26 years, during
which 896 incident gout cases occurred. A similar inverse relationship was found between
coffee consumption and risk of gout. Compared with women who drank no coffee, women
who drank =948mls of coffee per day had less than half the risk of incident gout, after
adjustment for age, total energy intake, BMI, menopause, use of hormonal replacement,
diuretic use, hypertension and dietary factors (Table 3). As with men in the HPFS [37], there
was a modest inverse relationship with decaffeinated coffee and no association with tea. In
contrast to men in the HPFS, there was a negative association between total caffeine intake
and incident gout. Women consuming 359-497mg/day and =498mg/day had 23% and 48%
reduced risk respectively, compared with women consuming <131mg/day (Table 3).

Fructose acts as a substrate for uric acid production by enhancing degradation of purine
nucleotides (Figure 2) [39]. Consumption of sugar-sweetened soft drinks has also been
shown to increase the risk of incident gout in a dose-dependent manner in the HPFS [40].
Compared to men who consumed sugar-sweetened soft-drinks less frequently than once per
month, the multivariate RR of incident gout was 1.29 (95%CI 1.00, 1.68) in those
consuming 5-6 servings per week, 1.45 (95%CI 1.02, 2.08) with once daily consumption,
and 1.85 (95%CI 1.08. 3.16) in those consuming 2 or more servings per day. Consumption
of diet soft-drinks was not a risk factor for incident gout. A positive dose-dependent
relationship was also seen between free fructose intake and incident gout (quintile 1 referent;
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quintile 2, RR 1.29, 95%CIl 1.02, 1.64; quintile 3, RR 1.41, 95%CIl 1.09, 1.82; quintile 4, RR
1.84, 95%CI 1.40, 2.41; quintile 5, RR 2.02, 95%CI 1.49, 2.75). In the Nurses’ Health
Study, women drinking one serving of sugar-sweetened soft drinks per day and =2 servings
per day were at a 74% and 139% higher risk of incident gout respectively, compared to
those consuming <1 serving per month (Table 3) [41]. Compared to women in the lowest
quintile of free fructose intake, the multivariate RRs of incident gout in the highest and
second highest quintiles were 1.62 (95%CI 1.20, 2.19) and 1.34 (95%CIl 1.01, 1.76)
respectively.

Vitamin C has recognised uricosuric properties (Figure 2) [42] and high vitamin C intake
has been shown to be protective against the development of gout in the HPFS [43]. The
multivariate RR of incident gout was 0.97 (95%CI 0.85, 1.12) for total vitamin C
consumption of 250-499mg/day, 0.83 (95%CI 0.71, 0.97) for 500-999mg/day, 0.66 (95%ClI
0.52, 0.86) for 1000-1499mg/day, and 0.55 (95%CI 0.38, 0.80) for >1500mg/day, compared
with those consuming less than 250mg per day.

Cherries and cherry extract have recognised urate-lowering properties and hence have
attracted much interest as a potential treatment for gout. However, epidemiological evidence
of the association between cherry consumption and gout is sparse. In the internet-based
case-crossover study described above, intake of cherries (multivariate OR 0.65; 95% CI
0.50, 0.85) and cherry extract (OR 0.55; 95% CI 0.30, 0.98) over the preceding two-day
period both appeared to be protective against recurrent gout attacks [44].

Alcohol consumption

Several studies have examined the long-recognised observation that alcohol consumption is
a risk factor for the development of gout (Table 3). Alcohol consumption is thought to
predispose to gout by providing substrate for purine metabolism in the form of guanosine
(particularly beer), enhancing nucleotide turnover, and impairing renal urate excretion via
lactic acidosis (Figure 2) [45]. The Atherosclerosis Risk in Communities (ARIC) study was
a population-based prospective cohort study which recruited 15,792 individuals aged 45-64
years between 1987 and 1989. In a sub-analysis undertaken in 10,872 participants who did
not have gout prior to baseline, 274 people developed gout over the nine-year follow-up
period [46]. Those who fulfilled an unspecified definition of “high” alcohol intake had twice
the risk of incident gout, adjusted for sex, race, BMI, alcohol intake, and estimated
glomerular filtration rate. In a case-control study nested within the THIN primary care
database study, 24,768 people with incident gout were compared to 50,000 control subjects
without gout who were frequency-matched for age, gender and calendar year [25]. There
was a dose-response relationship between incident gout and prior alcohol consumption.
Compared with those who did not drink alcohol, the multivariate ORs of incident gout in
those drinking 1-9, 10-24, 25-42 and >42 units of alcohol per week were 1.06 (95%CI
1.01, 1.11), 1.56 (95%CI 1.49, 1.65), 2.45 (95%CI 2.27, 2.63) and 3.00 (95%CI 2.66, 3.38)
respectively, adjusting for age, calendar year, GP visits, BMI, ischaemic heart disease,
hypertension, hyperlipidemia, diabetes, chronic renal failure and use of diuretics (1 unit =
10mls of pure ethanol or 8g of alcohol). In the HPFS, increasing alcohol intake was
associated with increasing risk of incident gout [47]. Compared with men who did not drink
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alcohol, the multivariate RRs were 1.09 (95%CI 0.85, 1.40) for daily alcohol consumption
0.1-4.9¢, 1.25 (95%CI 0.95, 1.64) for 5.0-9.9g, 1.32 (95%CIl 0.99, 1.75) for 10.0-14.9¢,
1.49 (95%CIl 1.14, 1.94) for 15.0-29.9g, 1.96 (95%CI 1.48, 2.60) for 30.0-49.9g, and 2.53
(95%CI 1.73, 3.70) for =50g. The multivariate RR per 10g increase in daily alcohol
consumption was 1.17 (95%CI 1.11, 1.22). Compared to men drinking each type of drink
less than once per month, those imbibing =2 drinks per day had 2.5 times the risk of incident
gout for beer, 1.6 times for spirits and no increased risk associated with wine (Table 3). The
multivariate RR per serving per day was 1.49 (95%CI 1.32, 1.70) for beer, 1.15 (95%ClI
1.04, 1.28) for spirits and 1.04 (95%CI 0.88, 1.22) for wine. The Framingham Heart Study
has shown excessive alcohol consumption to be an independent risk for gout in both women
and men [23]. Women who drank =70z of alcohol per week had over three times the risk of
incident gout and men drinking this amount over twice the risk, compared to those who
drank less than 0-10z per week (Table 3). Moderate consumption (2—60z per week) was not
associated with incident gout in either gender. In the internet-based case-crossover study
described above [48], alcohol consumption was found to trigger recurrent gout attacks
(multivariate OR 2.5; 95% CI 1.1, 5.9; =7 alcoholic drinks consumed in the previous two
days, compared with no consumption; adjusted for purine intake and diuretic use).

Obesity and the metabolic syndrome

Gout is very commonly associated with comorbidity, including the metabolic syndrome. In a
large cross-sectional study undertaken in NHANES-I1I, the prevalence of the metabolic
syndrome in people with gout was 62.8% compared with 25.4% amongst people without
gout (odds ratio (OR) 3.05; 95%CI 2.01, 4.61; adjusted for age and gender) [49].

Several individual components of the metabolic syndrome have been shown to be
independent risk factors for the development of gout (Table 4). A dose-dependent effect
between increasing BMI and risk of incident gout has been demonstrated in several large
prospective epidemiological studies. In the THIN database case-control study, individuals
with a BMI between 25-29kg/m? had an multivariate OR of 1.62 (95% CI 1.55, 1.70) for
incident gout and those with BMI of =30kg/m? an OR of 2.34 (95% CI 2.22, 2.47) compared
to those with a BMI 20-24kg/m? [25]. In the HPFS, compared to those with a BMI 21—
22.9kg/m2, the multivariate RR of incident gout in men was 0.85 in those with a BMI
<21kg/m?, increasing to 1.40 with BMI 23-24.9kg/m2, 1.95 with BMI 25-29.9kg/m?, 2.33
with BMI 30-34.9kg/m? and 2.97 with BMI =35 kg/m?2 [50]. Furthermore, risk of incident
gout was increased in men who had gained 20-291bs (multivariate RR1.57; 95%CI 1.15,
2.14) and =30Ibs (RR 2.47; 95%CI 1.86, 3.28) in weight since the age of 21 years compared
with those whose weight was stable. In contrast, weight loss of 10lbs or more since baseline
reduced the risk of incident gout by 39% (multivariate RR 0.61; 95%CI 0.40, 0.92).

An analysis undertaken in the ARIC study provides similar data for women (Table 4) [51].
A total of 6,263 women aged 45-64 years with no history of gout prior to baseline were
followed-up for 9 years, identifying 106 cases of incident gout. Compared to women with a
BMI<25kg/m? at baseline, the adjusted RR of incident gout was 1.63 (95%Cl 0.84, 3.18)
with a BMI 25-29.9 kg/m?, 2.76 (95%CI 1.40, 5.44) with a BMI 30-34.9kg/m?, and 3.90
(95%CI 1.95, 7.82) with a BMI =35kg/m2. In women with BMI 25-29.9 kg/m? and BMI
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>30kg/m? at age 25 years, the multivariate RRs for incident gout were 3.36 (95%Cl 2.09,
5.41) and 2.84 (1.33, 6.09) respectively, compared to those with BM1<25 kg/m? at age 25
years. Women with the highest tertile of weight gain (=16.3kg) from age 25 years to
baseline had twice the risk of incident gout compared with individuals in the lowest tertile
(multivariate RR 2.05; 95%CIl 1.06, 3.96).

Evidence of a dose-dependent effect of increasing BMI on risk of incident gout in men and
women is provided by the Framingham Heart Study (Table 4) [23]. Compared to those with
a BMI<25kg/m?, the multivariate RR of incident gout was 1.44 (95%Cl 0.88, 2.37) in
women with a BMI 25-29.9kg/m?, rising to 2.74 (95%Cl 1.65, 4.58) in those with a
BMI=30kg/m2. In men, the corresponding RRs were 1.76 (95%CI 1.22, 2.54) and 2.90
(95%CI 1.89, 4.44) respectively. Increasing BMI has also been found to be an independent
risk factor for gout flare in the THIN database (BMI 15-19kg/mZ, men hazards ratio (HR)
0.77, women 0.79; BMI 25-29kg/m2, men HR 1.07, women 1.10; BMI =30kg/m?2, men
1.12, women 1.43) compared to those with a BMI in the range 20-24kg/m? [52].

Several large prospective epidemiological studies have examined the association between
hypertension and gout (Table 4). Hypertension was found to be an independent risk factor
for incident gout in the THIN database case-control study although the magnitude of
increased risk was small [25]. In contrast, in both HPFS and ARIC, the risk of incident gout
in those with hypertension was twice that of those without hypertension [46,50]. The
findings of two studies suggest that hypertension has a greater effect on risk of incident gout
in women than men. In the Framingham Heart Study, the multivariate RR of incident gout
associated with hypertension was 1.59 (95% 1.12, 2.24) in men and 1.82 (95%CI 1.06, 3.14)
in women, although there was considerable overlap of the confidence intervals [23].
However, in the THIN database, narrower confidence intervals suggest that hypertension has
a greater influence on gout flares in women (multivariate RR 1.45; 95%CI 1.30, 1.62) than
men (RR 1.08; 95%CI 1.02, 1.13) [52].

Although hyperglycaemia and insulin resistance are recognised components of the metabolic
syndrome, the role of diabetes mellitus as a risk factor for the development for gout has
received relatively little attention. Interestingly, in the THIN database case-control study,
individuals with diabetes had a 33% lower risk of developing gout than those without
diabetes (multivariate RR 0.67; 95%CI 0.63, 0.71) [53]. This finding was more marked in
men than women (Table 4). The risk of developing gout reduced with increasing duration of
diabetes: duration 0-3 years RR 0.81 (95%CI 0.74, 0.90), 4-9 years RR 0.67 (95%CI 0.61,
0.73), and 10 years or longer RR 0.52 (95%CI 0.46, 0.58). Risk was also less with type |
than type Il diabetes (Table 4). Although these findings may seem counter-intuitive, the
predisposition to hyperuricaemia and gout induced by hyperinsulinaemia and insulin
resistance in the pre-diabetic state is thought to be reversed by the uricosuric effects of
glycosuria once frank diabetes develops [54-56].

A less well-established putative risk factor for gout is obstructive sleep apnoea which is
commonly associated with both components of the metabolic syndrome and hyperuricaemia
[57-59]. Hypoxia enhances nucleotide turnover thereby generating purines which are
metabolised to uric acid [60,61], providing a biologically plausible mechanism by which
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obstructive sleep apnoea might predispose to gout. In a small cross-sectional study
undertaken in a GP consultation database, gout was associated with sleep disorders (OR
1.39; 95%CIl 1.06, 1.81; adjusted for age, gender, practice, diabetes, hypertension, diuretic
use and ischaemic heart disease) [62]. There was no association with obstructive sleep
apnoea although the study was under-powered. Larger prospective epidemiological studies
are required to examine this proposed association in more detail.

Medications

A number of medications and substances have been implicated in the aetiology of gout [63],
however, diuretics have received the greatest attention. A recent systematic review
examined the risk of gouty arthritis in patients using diuretics [64], identifying two RCTs
and 11 epidemiologic studies. In one RCT, the rate ratio of gout for use of bendrofluazide vs
placebo was 11.8, whereas the other RCT found a rate ratio of 6.3 for use of
hydrochlorothiazide plus triamterene vs placebo. Three cohort studies [28,50,65] and four
case-control studies [66—69] found an increased of gout in diuretic users. The two largest
cohort studies identified by this systematic review adjusted for medications [65],
comorbidities [50,65] and life-style factors [50] finding RRs of 1.77 for incident gout in the
HPFS (95%CI 1.42, 2.20) [50] and 1.99 for initiation of anti-gout medication (95%CI 1.21,
3.26) [65]. The Framingham Heart Study was not included in this review but reported
multivariate RRs for diuretic use of 2.39 (95%CI 1.53, 3.74) in women and 3.41 (95%Cl
2.38, 4.89) in men [23]. In the THIN case-control study, the RR for incident gout amongst
those currently using diuretics was 2.36 (95%CI 2.21, 2.52) in people with hypertension and
3.01 (95%Cl 2.72, 3.33) amongst those without hypertension, after adjustment for GP visits,
BMI, alcohol use, ischaemic heart disease, hypertension, hyperlipidaemia, renal failure, and
use of other anti-hypertensive drugs [70]. Furthermore, amongst current diuretic users, the
risk of developing gout increased with both the duration of diuretic therapy and increased
dosage, providing evidence of a dose-dependent effect. Finally, the aforementioned internet-
based case-crossover study has also showed consistent findings for the risk of recurrent gout
[67]. These studies collectively confirm the well-recognized clinical entity of diuretic-
induced gout, also known as secondary gout.

Aspirin has long-been recognised to have effects on renal tubular urate handling. In the
1950s, high-dose aspirin was found to be uricosuric whilst low-doses were urate-retaining
[71]. However, only very recently has epidemiological evidence of the clinical significance
of this association come to light. In the internet-based case-crossover study, use of low-dose
aspirin (325 mg/day) in the prior two consecutive days was associated with an increased
risk of recurrent gout attacks (OR 1.81; 95%CI 1.30, 2.51) [72]. Interestingly, concurrent
use of allopurinol removed the increased risk of recurrent gout attacks associated with low-
dose aspirin (adjusted OR 0.89; 95%CI 0.55, 1.44) suggesting that urate-lowering therapy
may mitigate the risk of recurrent acute gout exacerbated by use of low-dose aspirin.

Several classes of anti-hypertensive drugs are known to influence serum urate levels. B-
blockers increase serum urate levels whereas both calcium-channel blockers and losartan
have urate-lowering properties [63,73]. In addition to examining the risk of gout associated
with diuretic use, the THIN primary care database case-control study described above also
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investigated the risk of incident gout conferred by a wide-range of anti-hypertensive drugs
including calcium-channel blockers, losartan, B-blockers, angiotensin-converting-enzyme
(ACE) inhibitors, and non-losartan angiotensin-11 (All) receptor blockers [70]. Amongst
those with hypertension, current use of f-blockers (RR 1.48; 95%CI 1.40, 1.57), ACE-
inhibitors (RR 1.24; 95%CI 1.17, 1.32), and non-losartan All-receptor blockers (RR 1.29;
95%Cl 1.16, 1.43) was more common in those with incident gout whereas current use of
calcium-channel blockers (RR 0.87; 95%CI 0.82, 0.93) and losartan (RR 0.81; 95%CI 0.70,
0.94) was less common.

Renal Disease

The association between gout and renal disease is complex and could be bi-directional, i.e.
although renal disease predisposes to the development of gout, gout and its treatment are
thought themselves to lead to renal impairment and chronic kidney disease. Such
associations have been recognised for many years yet early studies were undertaken in
specialist secondary care populations [74—76] which may not representative of the majority
of patients with gout who are managed exclusively in primary care. More recently, two
population-based epidemiological studies have provided convincing evidence that renal
disease is a risk factor for gout. In the HPFS, the multivariate RR of incident gout in men
with chronic renal failure compared to those without chronic renal failure was 3.61 (95%ClI
1.60, 8.14) [50]. In the THIN case-control study, prior history of chronic renal failure was
strongly associated with incident gout (OR 2.48; 95%CI 2.19, 2.81) [25]. Renal failure was
also associated with risk of gout flare (HR 1.33; 95%CI 1.20, 1.48) [52]. Furthermore, in the
ARIC study, participants with a low estimated glomerular filtration rate (<60ml/min) had
twice the risk of incident gout as those with a normal estimated glomerular filtration rate
(>90ml/min) (multivariate HR 2.43; 95%CI 1.50, 3.94) [46].

Osteoarthritis

Although hyperuricaemia is a very strong risk factor for gout, many hyperuricaemic
individuals do not develop gout. It is not fully understood why some people with
hyperuricaemia appear to form and deposit MSU crystals more readily than others, however,
it is thought that MSU crystals may deposit more easily in osteoarthritic cartilage [77]. This
hypothesis has also been suggested to explain the striking predilection of gout for the first
metatarsophalangeal joint, which is also a target joint for OA [78]. Both radiographic and
clinical cross-sectional studies have shown that attacks of gout occur at joints already
affected by OA. A hospital-based study of 262 subjects with gout found a significant
correlation between the occurrence of acute attacks of gout and radiographic OA at the first
MTP joints, tarsal joints and knees [79]. More recently, a community-based study of 164
subjects with gout found a strong association between sites of acute attacks of gout and the
presence of clinical OA (multivariate OR 7.94; 95%CI 6.27, 10.05), adjusted for age,
gender, BMI and diuretic use [80]. However, nodal OA was no more frequent in gout
subjects than in 656 control subjects without gout [81]. Such cross-sectional studies cannot
determine causality or temporal aspects of this association, hence further prospective studies
are required.
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Conclusion

A number of epidemiological studies from a diverse range of countries suggest that gout has
increased in prevalence over the last few decades, making it the most common inflammatory
arthritis, particularly among men. Incidence data are scarce; however, the Rochester
Epidemiology Project found that the incidence of gout without diuretic exposure has
doubled in the US between the 1970s and 1990s. Evidence from prospective
epidemiological studies has confirmed purported dietary factors, obesity, the metabolic
syndrome, hypertension, use of diuretics, and chronic kidney disease as clinically relevant
risk factors for hyperuricemia and gout, whereas low-fat dairy products, coffee, and vitamin
C appear to be protective against these conditions. Furthermore, the use of B-blockers and
angiotension-11 receptor antagonists (other than losartan) are independent risk factors for the
development of hyperuricemia and gout, whereas calcium-channel blockers and losartan
appear to reduce the risk of developing these conditions. Whilst further prospective studies
are necessary to explore putative risk factors such as obstructive sleep apnoea, OA, and
more novel observations concerning anti-hypertensive medications in more depth, the
immediate challenge is to translate the key findings of these epidemiological observations
into simple messages to improve the prevention and management of this prevalent but often
under-treated condition.
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Data from Bhole V, de Vera M, Rahman MM et al. Epidemiology of gout in women: fifty-
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Dietary factors and risk of incident gout

Table 3
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Dietary factor Study Exposure group Referent group Multivariate risk estimate
(95% confidence interval)
Total Meat HPFS Highest quintile Lowest quintile RR 1.41 (1.07, 1.86)
Seafood HPFS Highest quintile Lowest quintile RR 1.51 (1.17, 1.95)
Purine-rich vegetables HPFS Highest quintile Lowest quintile RR 0.96 (0.79, 1.19)
Dairy products HPFS Highest quintile Lowest quintile RR 0.56 (0.42, 0.74)
Low-fat dairy HPFS Highest quintile Lowest quintile RR 0.58 (0.45, 0.76)
High-fat dairy HPFS Highest quintile Lowest quintile RR 1.00 (0.77, 1.29)
Coffee HPFS 26 cups/day None RR 0.41 (0.19, 0.88)
Nurses’ Health Study >4 cups/day None RR 0.43 (0.30, 0.61)
Decaffeinated coffee HPFS 24 cups/day None RR 0.73 (0.46, 1.17)
Nurses’ Health Study >1 cups/day None RR 0.77 (0.63, 0.95)
Tea HPFS >4 cups/day None RR 0.82 (0.38, 1.75)
Nurses’ Health Study 24 cups/day None RR 1.55 (0.98, 2.47)

Total caffeine

Sugar-sweetened soft drinks

Diet soft drinks

Free fructose

Vitamin C
Alcohol

Beer
Spirits
Wine

HPFS
Nurses’ Health Study

HPFS

Nurses’ Health Study

HPFS

Nurses’ Health Study

HPFS

Nurses’ Health Study

HPFS

ARIC

THIN

HPFS

Framingham Heart (men)
Framingham Heart (women)
HPFS

HPFS

HPFS

Highest quintile
Highest quintile
22 servings/day
>2 servings/day
>2 servings/day
22 servings/day
Highest quintile
Highest quintile
>1500mg/day
“High” alcohol intake
>42 units/week
>50g/day
>70z/week
>70z/week

>2 servings/day
>2 servings/day

>2 servings/day

Lowest quintile
Lowest quintile
<1 serving/month
<1 serving/month
<1 serving/month
<1 serving/month
Lowest quintile
Lowest quintile
<250mg/day

Not defined
None

None
0-1loz/week
0-1loz/week

<1 serving/month
<1 serving/month

<1 servingmonth

RR 0.83 (0.64, 1.08)
RR 0.52 (0.41, 0.68)
RR 1.85 (1.08, 3.16)
RR 2.39 (1.34, 4.26)
RR 1.12 (0.82, 1.52)
RR 1.18 (0.87, 1.58)
RR 2.02 (1.49, 2.75)
RR 1.62 (1.20, 2.19)
RR 0.55 (0.38, 0.80)
HR 2.00 (1.42, 2.82)
OR 3.00 (2.66, 3.38)
RR 2.53 (1.73, 3.70)
RR 2.21 (1.56, 3.14)
RR 3.10 (1.69, 5.68)
RR 2.51 (1.7, 3.55)
RR 1.60 (1.19, 2.16)
RR 1.05 (0.64, 1.72)

ARIC, Atherosclerosis Risk in Communities; HPFS, Health Professionals Follow-up Study; HR, hazards ratio; OR, odds ratio; RR, relative risk;
THIN, The Health Improvement Network
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Table 4

Medical conditions and risk of incident gout

Risk factor Study Exposure group Referent group Multivariate risk
estimate (95%
confidence interval)

BMI THIN BMI 25-29kg/m? BMI 20-24kg/m? OR 1.62 (1.55, 1.70)

THIN BMI >30kg/m? BMI 20-24kg/m? OR 2.34 (2.22,2.47)
HPFS BMI 25-29.9kg/m?2 BMI 21-22.9kg/m?2 RR 1.95 (1.44, 2.65)
HPFS BMI 30-34.9kg/m? BMI 21-22.9kg/m? RR 2.33 (1.62, 3.36)
HPFS BMI =35kg/m? BMI 21-22.9kg/m? RR 2.97 (1.73, 5.10)

Hypertension

Diabetes mellitus

Chronic renal failure

ARIC (women)

ARIC (women)
Framingham Heart (men)
Framingham Heart (men)
Framingham Heart (women)
Framingham Heart (women)
THIN

HPFS

ARIC

Framingham Heart (men)
Framingham Heart (women)
THIN (men)

THIN (women)

THIN

THIN

THIN

HPFS

BMI 30-34.9kg/m?
BMI >35kg/m?
BMI 25-29.9kg/m?
BMI =30kg/m?
BMI 25-29.9kg/m?
BMI >30kg/m?
Hypertension
Hypertension
Hypertension
Hypertension
Hypertension
Diabetes mellitus
Diabetes mellitus

Type | diabetes mellitus

Type Il diabetes mellitus

Chronic renal failure

Chronic renal failure

BMI <25kg/m?
BMI <25kg/m?
BMI <25kg/m?
BMI <25kg/m?
BMI <25kg/m?
BMI <25kg/m?

No hypertension

No hypertension

No hypertension

No hypertension

No hypertension

No diabetes mellitus
No diabetes mellitus
No diabetes mellitus
No diabetes mellitus
No chronic renal failure

No chronic renal failure

RR 2.76 (1.40, 5.44)
RR 3.90 (1.95, 7.82)
RR 1.76 (1.22, 2.54)
RR 2.90 (1.89, 4.44)
RR 1.44 (0.88, 2.37)
RR 2.74 (1.65, 4.58)
OR 1.18 (1.13, 1.23)
RR 2.31 (1.96, 2.72)
HR 2.00 (152, 2.61)
RR 1.59 (1.12, 2.24)
RR 1.82 (1.06, 3.14)
RR 0.59 (0.55, 0.64)
RR 0.90 (0.80, 1.00)
RR 0.33 (0.24, 0.46)
RR 0.69 (0.64, 0.73)
OR 2.48 (2.19, 2.81)
RR 3.61 (1.60, 8.14)
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ARIC, Atherosclerosis Risk in Communities; HPFS, Health Professionals Follow-up Study; HR, hazards ratio; OR, odds ratio; RR, relative risk;
THIN, The Health Improvement Network
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