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Abstract

Objectives: The variable clustering of comorbidities in gout, including diabetes mellitus
(DM), remains poorly understood. We analyzed the frequency and impact of DM in a
nationwide Spanish hospitalized population with gout. Methods: Observational, multicenter,
longitudinal study assessing 192,062 hospitalizations with gout in Spain from 2005 to 2015
(Minimal Basic Data Set, ICD-9 coding). We estimated the prevalence of DM with 95%
confidence intervals (CIs), stratified by DM type and related complications. A logistic
regression analysis identified characteristics of patients with both gout and DM. We also
matched recurrent admissions in the first tercile (2005–2008) to assess cardiovascular, renal,
infectious, and thromboembolic comorbidities in the subsequent terciles (2009–2012 and
2012–2015). Results: DM was identified in 27.72% of the hospital-based gout population,
predominantly type 2 DM, with 19.76% having complications. DM was associated with
older age, female gender, and conditions such as dyslipidemia, obesity, cardiovascular and
kidney diseases, liver disease, obstructive pulmonary disease, urinary tract infections, and
dementia. In contrast, non-DM patients showed higher rates of venous thromboembolism
and other rheumatic diseases. Readmissions were significantly more common in DM
patients, who experienced +10% more cardiovascular and renal issues, similar infections,
and fewer venous thromboembolism cases. Conclusions: DM is prevalent in gout and
associated with older patients, women, and a particular comorbidity profile. The presence
of DM increases the risks of readmission and the development of cardiovascular and renal
diseases. Fewer venous thromboses were noted. Thus, diagnosing and managing DM in
patients with gout is likely a more pressing issue.

Keywords: gout; diabetes mellitus; comorbidities; recurrent admission; cardiovascular
disease; infections

1. Introduction
Gout is the most prevalent inflammatory arthritis worldwide, affecting up to 5% of

adults [1]. The disease is caused by the crystallization of monosodium urate (MSU) in joints
and surrounding tissues, where an inflammatory response to the crystals from the innate
immune system occurs [2]. Swollen and painful joints in the lower limbs characterize
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acute flares. However, during intercritical periods, individuals still report pain, disability,
and impaired quality of life [3]. If left untreated or poorly managed, the buildup of MSU
crystals can significantly increase, leading to the formation of tophi—subcutaneous nodules
filled with well-organized crystals. Tophi growth and accompanying inflammation result
in erosive joint damage and related complications. Sustained normalization of serum urate
levels can dissolve MSU crystals, leading to the disappearance of flares and tophi [4].

Most patients with gout present with comorbidities such as obesity, diabetes mel-
litus (DM), dyslipidemia, hypertension, or fatty liver disease. The prevalence of those
comorbidities overpasses the general population [5]. Gout patients also have an increased
risk of cardiovascular and renal diseases [6,7] and higher mortality rates [8,9], but vary-
ing on whether the management follows a urate treat-to-target strategy [10]. The range
of comorbidities among individuals with gout varies significantly, and some clustering
patterns have been described [11–15]. Although the models differ across studies and lack
clear boundaries, the reported clusters include hyperlipidemia and metabolic syndrome
(MS), obesity, hypertension, renal and cardiovascular diseases associated with the use
of diuretics, as well as cases of isolated gout in young people with few accompanying
comorbidities. These association studies are cross-sectional, and their implications for the
care of individuals with gout still need to be established.

DM is commonly observed in patients with gout. Hyperuricemia is closely linked
to MS and DM. Hyperuricemia may favor fatty liver, insulin resistance, obesity, and
MS by systemic inflammation and oxidative stress [16,17], as well as a result of fructose
consumption [18]—which is also associated with increased urate levels [19]. Additionally,
hyperinsulinemia enhances urate reabsorption in the proximal convoluted tubule of the
kidney, leading to decreased urinary urate excretion and increased serum urate levels [20].
In cluster analyses, DM is commonly associated with various metabolic diseases in gout
populations, including dyslipidemia, MS, and hypertension [14]. Studies have shown
differing associations of DM with cardiovascular and renal diseases [11] or with liver
diseases and alcohol consumption [12]. Also, the comorbidity profile in DM seems to vary
by sex, with women showing a higher risk of subsequent cardiovascular diseases [13].
Nevertheless, the shifting clustering of comorbidities in gout, including DM, remains
poorly understood and appears to be influenced by multiple factors [21].

This study will examine the impact of DM on patients with gout, specifically focus-
ing on prevalence, the associated comorbidity profile, and its effect on readmissions. We
anticipated a poorer comorbidity profile in patients who have both gout and DM, par-
ticularly concerning cardiovascular and renal diseases. Additionally, a harmful effect of
the combination on the risk of readmission and the development of new comorbidities
is presumed.

2. Methods
2.1. Study Design, Population, and Study Variables

We designed an observational, longitudinal, population-based study. The project
was approved by the Alicante-General Hospital Health Department ethics committee (ref.
PI2022-113) and the Miguel Hernandez University of Elche Responsible Research Office
(ref. TFG.GME.MAC.PMV.231214). As data was retrospective and pseudonymized, an
exemption was granted from obtaining informed consent from the participants.

We used data from the Minimum Basic Data Set (MBDS), an administrative registry
of the National Institute of Statistics in Spain. This contains information on individual
care episodes, including date of birth, sex, diagnoses, medical-surgical procedures, and
hospitalization outcomes, extracted from the discharge reports of public hospitals.
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The study sample was extracted from the entire dataset based on specific inclusion
criteria: participants had to be adults (aged 18 years and older) and have a gout diagnosis,
whether as a primary or secondary condition. When coded as a primary diagnosis, it
was considered the primary reason for hospital admission. Gout diagnoses were coded
using the International Classification of Diseases, Ninth Edition (ICD-9), with the following
codes: 274.0, 274.00, 274.01, 274.02, 274.03, 274.1, 274.10, 274.11, 274.19, 274.8, 274.81,
274.82, 274.89, or 274.9. No exclusion criteria were applied. The study covered the period
from 1 January 2005 to 31 December 2015. Subsequent years were not analysed due to the
transition to ICD-10.

The primary study variable was DM and its types, registered following the follow-
ing ICD-9 coding: Type 1 DM (250.01, 250.03, 250. 11, 250.13, 250.21, 250.23, 250.31,
250.33, 250.41, 250.43, 250.51, 250.53, 250.61, 250.63, 250.71, 250.73, 250.81, 250.83, 250.91
or 250.93), type 2 DM (250.00, 250.02, 250.10, 250.12, 250.20, 250.22, 250.30, 250. 32, 250.40,
250.42, 250.50, 250.52, 250.60, 250.62, 250.70, 250.72, 250.80, 250.82, 250.90 or 250.92),
and other types of DM (249.0 to 249.9 for secondary diabetes mellitus; 251.3 for post-
surgical hypoinsulinemia–hypoinsulinemia following total or partial pancreatectomy–
postpancreatectomy hyperglycemia; 962.0 for steroid-induced diabetes; 648.0 for diabetes
when complicating pregnancy, childbirth, or puerperium).

DM has been reclassified into two categories: complicated and uncomplicated. The
codes for complicated DM include 250.1, 250.2, 250.3, 250.4, 250.5, 250.6, 250.7, 250.8, 250.9,
249.1, 249.2, 249.3, 249.4, 249.5, 249.6, 249.7, 249.8, and 249.9. Uncomplicated DM is coded
as 250.0 and 249.0. A diagnosis of complicated DM is based on ICD-9 codes indicating
accompanying vascular complications.

Secondary study variables were age at admission, sex, and the following comorbidities
of interest (according to ICD-9; see complete list in the Supplementary Materials): obesity,
dyslipidemia, cerebrovascular disease, coronary heart disease, arrhythmia, congestive heart
failure (CHF), peripheral vascular disease, venous thromboembolism (VTE), chronic kidney
disease (CKD), obstructive pulmonary disease, pneumonia, sepsis, urinary tract infection,
dementia, liver disease, and other concurrent rheumatic diseases. Hypertension could not
be included in the analysis because it was later found to be underrepresented in the dataset
(26.3%, in contrast to 62.1–82.5% prevalence in other studies [11,22]).

To evaluate the impact of coexisting gout and DM during follow-up, two composite
outcome variables were constructed: Infections (including pneumonia, sepsis, and urinary
tract infection) and Cardiovascular Disease (CVD: cerebrovascular disease, coronary heart
disease, CHF, and peripheral vascular disease). Individual diseases, as well as CKD and
VTE, were also examined as separate outcome measures.

2.2. Statistical Analysis

Categorical variables such as sex, DM and its subtypes, and comorbidities were
presented as frequencies and percentages. Age was expressed as the mean with standard
deviation (SD). However, to facilitate comparisons, we also reclassified age into sextiles
(≤70 years, 71–80 years, 81–85 years, 86–90 years, 91–95 years, and >95 years). This
stratification allowed for a more nuanced understanding of age-related trends in the data.
Additionally, we categorized individuals as age < 40 years, a threshold used to define
early-onset gout [23].

We estimated the prevalence of DM in the overall population using 95% confidence
intervals (CIs). Separate analyses were conducted for type 1, type 2, and other types of DM,
as well as for complicated and uncomplicated DM based on ICD-9 codes.

The chi-squared test allowed us to compare patients with and without DM on the
secondary study variables (age sextiles, sex, and comorbidities). The analyses were repeated,
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stratifying by types of DM (type 1, type 2, and other types of DM). Subsequently, we built
multiple logistic regression models that provided better differentiation between the population
with and without DM in the dataset with gout, reducing the effect of potential confounders.
Sextiles of age, sex, and comorbidities were included as covariates in the model.

As a post hoc sensitivity analysis, we repeated the prevalence estimation and multiple
logistic regression in the gout population showing joint aspiration coded as a procedure in
the discharge letter (81.91), to reinforce the diagnosis of gout.

In a later stage of our study, we identified patients with repeat admissions during
the study period, defined as new registries in the dataset after the index admission (with
no time restrictions). A multiple logistic regression model enabled us to identify the
independent impact of DM on further readmissions, adjusted for age in sextiles, sex, and
other comorbidities. No time-dependent models (such as Cox regression) were used, as
we focused on the risk of readmission rather than its timing. Later, we matched DM and
non-DM by age, sex, CKD, CVD, infections, and VTE in the first tercile (2005–2008), with
balanced sizes to avoid overrepresenting the non-DM group. Using the chi-squared test,
we then compared the frequency of comorbidities of interest between groups in the second
(2009–2012) and third (2012–2015) terciles.

Statistical analyses were performed using Google Colab (Alphabet, Mountain View,
CA, USA available at: https://colab.research.google.com/ accessed on 30 November 2025),
which allows running Python language, using the packages matplotlib V.3.2.2, pandas
V.1.3.5, scikit-learn V.1.0.2 and statsmodels V.0.12.2. We set the significance level at p < 0.050.

3. Results
3.1. Prevalence of DM

The selection criteria yielded a sample size of 192,062 hospitalizations with gout, with a
mean age of 84.0 years (SD 12.7, IQR 76.0–93.0), being 82.6% men (n = 158,643). The distribu-
tion per sextiles of age was as follows: 30,126 (15.7%) ≤ 70 years; 36,992 (19.3%) 71–80 years;
23,950 (12.5%) 81–85 years; 33,663 (17.5%) 86–90 years; 32,409 (16.9%) 91–95 years; and
34,929 (18.2%) > 95 years. 209 (0.11%) had <40 years of age. Gout was the primary diagnosis
in 10,512 (5.5%) patients.

We identified 53,242 individuals with DM (prevalence 27.7%; 95%CI 27.5–27.9%);
41,175 were male (77.3%). The prevalence of DM per sex was 26.0% in men and 36.1% in
women. Table 1 compares DM and non-DM regarding sex, age sextiles, and comorbidities.
In the DM population, prevalent comorbidities include dyslipidemia, CKD, coronary heart
disease, CHF, and obesity. Conversely, venous thromboembolism and concurrent rheumatic
diseases were more common in the non-DM population. Arrhythmia, pneumonia, and
sepsis showed no significant difference between the two groups.

Table 1. Distribution of quintiles of age, female sex, and comorbidities of interest in populations with
or without diabetes mellitus.

DM
[n = 53,242]

No DM
[n = 138,820] p

Age <0.001

≤70 years 5199 (9.8) 24,927 (18.0)

71–80 years 10,492 (19.7) 26,500 (19.1)

81–85 years 7707 (14.5) 16,243 (11.7)

86–90 years 10,932 (20.5) 22,728 (16.4)

91–95 years 10,045 (18.9) 22,361 (16.1)

>95 years 8867 (16.7) 26,061 (18.8)
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Table 1. Cont.

DM
[n = 53,242]

No DM
[n = 138,820] p

Women 12,067 (22.7) 21,327 (15.4) <0.001

Obesity 9090 (17.1) 13,438 (9.7) <0.001

Dyslipidemia 21,750 (40.9) 37,508 (27.0) <0.001

Cerebrovascular disease 2169 (4.1) 4621 (3.3) <0.001

Coronary heart disease 14,341 (26.9) 25,799 (18.6) <0.001

Arrhythmia 660 (1.2) 1686 (1.2) 0.671

Congestive heart failure 13,034 (24.5) 24,003 (17.3) <0.001

Peripheral vascular disease 1998 (3.8) 4367 (3.1) <0.001

Venous thromboembolism 1000 (1.9) 3949 (2.8) <0.001

Chronic kidney disease 16,959 (31.9) 34,148 (24.6) <0.001

Obstructive pulmonary disease 4426 (8.3) 10,415 (7.5) <0.001

Pneumonia 2375 (4.5) 5966 (4.3) 0.119

Sepsis 786 (1.5) 2094 (1.5) 0.619

Urinary tract infection 3752 (7.0) 8745 (6.3) <0.001

Dementia 846 (1.6) 1766 (1.3) <0.001

Liver Disease 1290 (2.4) 2684 (1.9) <0.001

Other rheumatic diseases 792 (1.5) 2365 (1.7) <0.001
Data is shown as n (%). DM: diabetes mellitus. In bold, statistical significance.

By type, type 2 DM was found to be much more prevalent (27.43%; 95%CI 27.23–27.63%)
than type 1 (0.13%; 95%CI 0.12–0.15%) and other types of DM (0.35%; 95%CI 0.32–0.37%).
Complicated DM was identified in 19.76% (95%CI 19.43–20.10%) of the diabetic population.
Comparing comorbidities between types of DM and derived complications, we noted that
vascular and renal disorders, infections, and obstructive pulmonary disease were more
prevalent in gout plus complicated type 2 DM (Supplementary Materials, Table S1).

3.2. Association with Comorbidities

Figure 1 and Table 2 present the results of multivariate association analyses that
compare individuals with DM to those without DM in the gout dataset. The comorbidities
independently associated with DM include advanced age, female sex, dyslipidemia, obesity,
coronary heart disease, CHF, CKD, liver disease, cerebrovascular disease, obstructive
pulmonary disease, peripheral vascular disease, urinary tract infections, and dementia.
The strength of these associations varies significantly, as illustrated in Table 2. Conversely,
among the non-DM population, the comorbidities identified are VTE and the presence of
other concurrent rheumatic diseases.

Table 2. Multivariate regression model to discriminate DM in the hospitalized population with gout.

Coefficient Adjusted Odds Ratio 95%CI p

Age (per year) +0.01 1.11 1.10–1.11 <0.001

Women +0.35 1.11 1.11–1.12 <0.001

Obesity +0.61 1.16 1.16–1.17 <0.001

Dyslipidemia +0.60 1.23 1.23–1.24 <0.001

Cerebrovascular diseases +0.27 1.04 1.03–1.04 <0.001
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Table 2. Cont.

Coefficient Adjusted Odds Ratio 95%CI p

Coronary heart disease +0.34 1.12 1.12–1.12 <0.001

Arrhythmia −0.07 1.00 1.00–1.00 0.235

Congestive heart failure +0.26 1.09 1.10–1.10 <0.001

Peripheral vascular disease +0.12 1.01 1.01–1.02 <0.001

Venous thromboembolism −0.32 0.95 0.96–0.96 <0.001

Chronic kidney disease +0.24 1.09 1.09–1.10 <0.001

Obstructive pulmonary disease +0.10 1.02 1.01–1.02 <0.001

Pneumonia −0.01 1.00 1.00–1.01 0.859

Sepsis +0.04 1.01 1.00–1.01 0.417

Urinary tract infection +0.07 1.01 1.01–1.02 0.005

Dementia +0.15 1.02 1.01–1.02 0.005

Liver Disease +0.56 1.04 1.04–1.05 <0.001

Other rheumatic diseases −0.18 0.99 0.98–0.99 <0.001
CI: confidence intervals. In bold, statistical significance. Odds ratios over 1.00 indicate association with DM in the
study population, while odds ratios below 1.00 state otherwise.

Figure 1. Coefficients of association between each comorbidity and diabetes mellitus, from the
multiple logistic regression model. Positive coefficients indicate association with DM; negative
coefficients otherwise. Legend: CHD, coronary heart disease; CHF, chronic heart failure; CKD,
chronic kidney disease; CVD, cerebrovascular disease; OPD, obstructive pulmonary disease; PVD,
peripheral vascular disease; UTI, urinary tract infection; VTE, venous thromboembolism.

We run separate multiple regression models for men and women (Supplementary
Materials, Table S2 and Figure S1). Most of the associations persisted regardless of sex.
Notably, age was not discriminative of having DM in women.

Figure 2 shows the logistic regression results stratified by type of DM. The profile of
comorbidities differed significantly (Supplementary Materials, Tables S3–S5).

3.3. Sensitivity Analysis in the Population with Joint Aspiration Coded in the Dataset

We identified 5792 cases (85.4% men) of gout with joint aspiration as a coded procedure.
In this population, the prevalence of DM was 23.4% (n = 1358), with a predominance in
female patients (Supplementary Materials, Table S6). The multivariate analyses showed
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a pattern similar to that observed in the global population, with older age, dyslipidemia,
renal disease, heart failure, and obesity being the variables most strongly associated with
DM (Supplementary Materials, Figure S2).

 
Figure 2. Coefficients of association between each comorbidity and diabetes mellitus, per type of
diabetes (T1DM, T2DM, other DM), from the multiple logistic regression model. Positive coefficients
indicate association with DM; negative coefficients otherwise. For legend, see Figure 1.
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3.4. Readmissions and Comorbidity Development

We identified 65,376 patients with more than one hospital admission during the study
period; 16,623 (25.43%) had DM, and 48,753 (74.57%) were non-DM. Per terciles, there
were 55,214 (13,513 DM, 24.47%) patients with readmission in the first tercile, 7106 patients
(2129 DM, 29.96%) in the second tercile, and 3056 patients (981 DM, 32.10%) in the third
tercile [p < 0.001]. The prevalence of complicated DM was 19.75%, 20.49%, and 22.99%
in the first, second, and third terciles, respectively [p < 0.001]. DM was an independent
predictor of subsequent admissions (adjusted odds ratio 1.04, 95%CI 1.03–1.06).

Table 3 presents the evolution of comorbidities of interest after matching the sample at
the first tercile. Patients with DM had significantly more cardiovascular events over time
than those without DM, mainly due to coronary heart disease and CHF. Additionally, DM
was associated with a rising prevalence of CKD. Infections were similar in both groups, but
VTE occurred less frequently in the diabetic population.

Table 3. Evolution of comorbidities in gout patients with recurrent admissions over the study period,
stratified by the presence of diabetes mellitus.

Tercil 1
(2005–2008)

Tercil 2
(2009–2012)

Tercil 3
(2012–2015)

DM
[n = 13,511]

No DM
[n = 13,075]

DM
[n = 1687]

No DM
[n = 2280]

DM
[n = 611]

No DM
[n = 889] p

Cardiovascular disease (composite) 6593 (48.8) 6169 (47.2) 934 (55.4) 1033 (45.3) 354 (57.9) 388 (43.6) <0.001

Cerebrovascular diseases 544
(4.0)

545
(4.2)

70
(4.1)

103
(4.5)

29
(4.7)

46
(5.2) 0.530

Coronary heart disease 4029 (29.8) 3473 (26.6) 505 (29.9) 565 (24.8) 200 (32.7) 193 (21.7) <0.001

Congestive heart failure 3077 (22.8) 2850 (21.8) 522 (31.0) 534 (23.4) 200 (32.7) 187 (21.0) <0.001

Peripheral vascular disease 522
(3.9)

500
(3.8)

68
(4.0)

86
(3.8)

27
(4.4)

43
(4.8) 0.709

Infections (composite) 1415 (10.5) 1381 (10.6) 199 (11.8) 283 (12.4) 81 (13.3) 123 (13.8) <0.001

Pneumonia 524
(3.9)

515
(3.9)

83
(4.9)

94
(4.1)

31
(5.1)

45
(5.1) 0.119

Sepsis 89
(0.7)

94
(0.7)

22
(1.3)

40
(1.8)

12
(2.0)

19
(2.1) <0.001

Urinary Tract Infection 855
(6.3)

832
(6.4)

107
(6.3)

170
(7.5)

43
(7.0)

68
(7.6) 0.238

Venous thromboembolism 262
(1.9)

347
(2.7)

27
(1.6)

46
(2.0)

14
(2.3)

31
(3.5) <0.001

Chronic Kidney Disease 2621 (19.4) 2427 (18.6) 717 (42.5) 912 (40.0) 289 (47.3) 339 (38.1) <0.001

Data shown as n (%). DM: diabetes mellitus. In bold, statistical significance.

4. Discussion
In a nationwide study of adults hospitalized with gout, we found that one in four

patients had DM, predominantly type 2. The prevalence was 10% higher in women than in
men. Among individuals with DM, about 20% had derived complications. Multivariate
analyses revealed that having DM was associated with a distinct profile of comorbidities:
dyslipidemia, obesity, coronary heart disease, obstructive pulmonary disease, and heart
and kidney failure were associated with DM, while VTE and concurrent rheumatic diseases
were linked to the absence of DM. Type 2 DM showed a similar pattern, while other types
of DM were notably linked to young ages. A longitudinal assessment highlighted that,
in gout, having DM correlated with nearly a 10% higher rate of further development of
cardiovascular and renal diseases compared to non-DM patients. Infection rates were
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comparable, but patients with DM notably had a lower risk of VTE. These findings provide
valuable insights into managing patients with gout and DM, as well as help gauge the
prognostic impact of their coexistence.

The prevalence of DM in the hospital-based gout population is 27.7%, nearly doubling
the figures reported using global data from hospital settings [24], which underscores the
strong relationship between gout and DM. Similar findings have been reported by other
studies concerning the prevalence of DM in individuals with gout, primarily in outpatient
settings. For instance, the French multicenter CACTUS study, which analyzed data from
2763 gout patients, found that 25% also had type 2 DM [11]. In this study, the average
duration of gout was around six years. Another cross-sectional study in the UK, which
included 1079 gout patients primarily from primary care, reported that 16% had DM [12].
Additionally, a case–control study by Kuo et al. showed that the prevalence of diabetes
increased steadily after the diagnosis of gout [25], rising from 8.38% at baseline to 34.79%
ten years later. Although gout characteristics were unavailable in the MBDS database, we
assumed a long duration based on the population’s average age, as reported in a previous
local study [26]. Despite being different populations, similar prevalence figures across
various settings reinforce the major association between gout and DM.

Patients with gout and DM were older, more frequently women, and had particularly
higher figures of dyslipidemia, obesity, and heart and kidney diseases. We had previously
reported the link between female sex and DM in gout [27]. Consistent with these data, age
was associated with DM only among male patients, whereas most associations persisted
in the sex-stratified models. The CACTUS study found that in cluster 3, where 75% of
patients had DM, they also presented dyslipidemia, hypertension, obesity, liver disease,
and coronary heart disease [11]. Singh et al. also noted an association with female sex and
with complications in DM, mainly hypertension, hyperlipidemia, and CKD [28]. Arterial
hypertension was not analyzed due to underreporting in the dataset (already reported
elsewhere for discharge letters [29]), but findings regarding other comorbidities showed
a pattern similar to previous mostly outpatient gout studies. Readers should keep in
mind that comorbidities, especially those managed out of the hospital, may not be well
represented in a hospital discharge dataset. However, major events such as cardiovascular
or renal diseases, sepsis, and other severe infections are likely well captured in the MBDS.

The inverse association between VTE and DM is noteworthy and has not been pre-
viously published. Both gout and DM pose known thrombotic risks [30,31], often linked
to obesity. Recent studies have questioned the direct link between DM and VTE [32].
Reporting biases in discharge files may affect the capture of VTE cases, many of which
(deep vein thromboses) are managed in outpatient clinics. Further studies are needed to
thoroughly explore this issue.

Our analysis of patients with recurrent admissions revealed that concurrent DM
significantly affects the development of heart and kidney diseases in a gout population. A
study by Mikuls et al. involving nearly 6 million US patients with gout found that having
both gout and DM increased the risk of lower limb amputation (LLA) (hazard ratio 3.36) [33],
surpassing the risk associated with isolated gout (HR 1.56). Research by Singh et al. also
showed that the combination of gout and DM raises the risk of myocardial infarction
(HR 1.35) and stroke (HR 1.42) [28]. A Taiwanese cohort study identified DM as the most
significant comorbidity in patients with gout and noted a higher incidence of stroke among
women [13]. In the case–control study by Kuo et al. [25], the prevalence of complicated DM,
linked to CKD and CVD, rose from 15.5% at the time of gout diagnosis to 40.0% ten years
later. Similarly, the distribution of complicated DM per terciles of follow-up in our dataset
slightly escalated. These findings highlight the role of DM in increasing cardiovascular and
renal risk among patients with gout. Therefore, prioritizing the diagnosis and management
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of DM can significantly reduce the risk of related comorbidities and improve outomes in
patiens with gout.

The sodium–glucose cotransporter-2 inhibitors (SGLT2i) are significant breakthrough
therapies for patients with DM, CHF, or CKD [34,35]. SGLT2i improved cardiovascular
mortality, renal function, and glycemic control while reducing the need for diuretics and
proteinuria. Observational data indicate that they may benefit individuals with gout by
decreasing gout flares, serum urate levels, cardiovascular events, and mortality compared to
other anti-diabetic agents [36–38]. The inhibition of GLUT9b and, to a lesser extent, URAT1
transporters is responsible for increasing urine urate excretion, thereby reducing serum
levels [39]. We found a significant association between DM and cardiovascular and renal
comorbidities in gout patients, indicating that SGLT2i may be an ideal treatment option [36].
DM management has shifted from reducing glucose levels to preventing vascular and
renal complications, with a recent focus on effective weight loss. Glucagon-like peptide-1
receptor agonists (GLP-1RAs) may also help reduce serum urate levels [40,41]; weight
loss, enhanced natriuresis, and changes in insulin resistance or low-grade inflammation
are potential explanations for this effect. Our study reviewed hospitalization data up
to 2015, before SGLT2i and GLP-1RA were available in Spain. However, these agents
may benefit patients with DM who have hyperuricemia and gout; nevertheless, formal
recommendations should come from interventional studies.

Our study has several strengths. The large sample size of over 192,000 cases enabled
robust multivariate models that effectively controlled for confounding factors. Additionally,
the sample size permitted the assessment of previously unreported associations, including
those with obstructive pulmonary disease, dementia, infectious conditions, or thromboem-
bolic events. We also conducted a matched longitudinal analysis with 65,000 subjects
with recurrent admissions, supporting causal associations. Since type 2 DM was the most
prevalent in the dataset, findings for other types of DM may be less reliable due to smaller
sample sizes. Similarly, the longitudinal analysis was insufficiently powered to stratify by
type of DM. The dataset represents the Spanish population and uses the MBDS with ICD-9
coding, which has proven useful in previous studies [42]. However, some comorbidities
that are troublesome for the patient but have a lower impact on hospitalizations (such as
neuropathy or arthropathy) might be underrepresented in the dataset. Gout and comorbidi-
ties data rely on the information present in the hospital discharge reports and, therefore,
on the thoroughness in completing them. Despite the large sample size likely compensat-
ing, this is a common issue in big data and should be considered when appraising our
findings [43]. To ensure proper case identification, we selected all gout-relevant ICD-9
codes, despite some coding of rare presentations. We were unable to match cases with
gout-related treatments (colchicine, allopurinol, febuxostat) or laboratory features (serum
urate levels) because these data were not available in the dataset. However, we performed
a sensitivity analysis in gout cases with documented joint aspiration (the gold-standard
diagnostic procedure for gout [44]), yielding similar findings on gout prevalence and co-
morbidity profile, which is reassuring. Most cases included in the dataset were of advanced
age, which hampers the analysis of young populations with gout. In this setting, disease
pathophysiology and the occurrence of comorbidities differ and warrant further focused
research. The lack of access to information on drug prescriptions and toxic substance use
limits data interpretation. The study focused on data up to 2015, as the transition to ICD-10
in 2016 introduced potential mismatches. Future studies should use more recent datasets to
replicate these findings. Additionally, only hospital-based data was available for mortality
and comorbidities, excluding patients who died at home or did not require readmission,
which may limit the applicability of the findings to community gout patients.
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5. Conclusions
A national analysis of 11 years of hospitalizations for gout showed a unique comor-

bidity profile linked to DM, particularly type 2 DM, that affected one in four patients. This
group, especially of advanced age and women, is more prone to cardiovascular and renal
diseases. The comorbidity profile was mostly unvaried in a sex-stratified approach, but
age was not a predictor of DM in women. Individuals with DM faced higher rates of
readmissions and were at greater risk for vascular and renal complications, while VTE was
more common in those without DM, an unreported finding to date. The coexistence of gout
and DM was not observed to be more susceptible to infections. These findings highlight the
need for early diagnosis and targeted management of DM in patients with gout to prevent
cardiovascular–renal complications and promote weight loss.
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type 2 diabetes mellitus in the hospitalized population with gout. Table S5: Multiple regression
model to discriminate other forms of diabetes mellitus in the hospitalized population with gout.
Table S6: Distribution of the prevalence of diabetes mellitus per sextiles of age and sex.
Figure S1: Coefficients of association between each comorbidity and diabetes mellitus, from the
multiple logistic regression model, stratified by sex. Figure S2: Coefficients of association between
each comorbidity and diabetes mellitus, from the multiple logistic regression model, in the gout
population restricted to having joint aspiration as a coded diagnosis.
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