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Abstract

Background: Hyperuricemia is common in patients with type 2 diabetes mellitus and is known 

to cause gout. Sodium–glucose cotransporter-2 (SGLT2) inhibitors prevent glucose reabsorption 

and lower serum uric acid levels.

Objective: To compare the rate of gout between adults prescribed an SGLT2 inhibitor and those 

prescribed a glucagon-like peptide-1 (GLP1) receptor agonist.

Design: Population-based new-user cohort study.

Setting: A U.S. nationwide commercial insurance database from March 2013 to December 2017.
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Patients: Persons with type 2 diabetes newly prescribed an SGLT2 inhibitor were 1:1 propensity 

score matched to patients newly prescribed a GLP1 agonist. Persons were excluded if they had a 

history of gout or had received gout-specific treatment previously.

Measurements: The primary outcome was a new diagnosis of gout. Cox proportional hazards 

regression was used to estimate hazard ratios (HRs) of the primary outcome and 95% CIs.

Results: The study identified 295 907 adults with type 2 diabetes mellitus who were newly 

prescribed an SGLT2 inhibitor or a GLP1 agonist. The gout incidence rate was lower among 

patients prescribed an SGLT2 inhibitor (4.9 events per 1000 person-years) than those prescribed a 

GLP1 agonist (7.8 events per 1000 person-years), with an HR of 0.64 (95% CI, 0.57 to 0.72) and a 

rate difference of −2.9 (95% CI, −3.6 to −2.1) per 1000 person-years.

Limitation: Unmeasured confounding, missing data (namely incomplete laboratory data), and 

low baseline risk for gout.

Conclusion: Adults with type 2 diabetes prescribed an SGLT2 inhibitor had a lower rate of gout 

than those prescribed a GLP1 agonist. Sodium–glucose cotransporter-2 inhibitors may reduce the 

risk for gout among adults with type 2 diabetes mellitus, although future studies are necessary to 

confirm this observation.

ToC Summary

Sodium–glucose cotransporter-2 (SGLT2) inhibitors block the reabsorption of glucose in the 

kidneys, resulting in glucosuria and increased excretion of uric acid. The association between 

SGLT2 inhibitor use and risk for gout is unclear. This analysis of health insurance claims data 

compares the risk for gout with use of SGLT2 inhibitors versus another second-line medication for 

type 2 diabetes mellitus.

Gout, the most common form of inflammatory arthritis, affects nearly 10 million adults 

across North America (1, 2). It is associated with considerable disability, morbidity, and 

mortality. For example, adults with gout have an appoximately 30% higher rate of 

cardiovascular disease and all-cause mortality compared with adults who do not have gout 

(3, 4). Gout may be prevented through diet and lifestyle modification, although many 

patients who have gout require long-term pharmacologic therapy (2, 5). Allopurinol and 

febuxostat may effectively reduce the risk for subsequent gouty attacks; however, a recent 

randomized trial demonstrated an association between febuxostat and a higher risk for 

cardiovascular death and all-cause mortality compared with allopurinol (6). This finding 

places added importance on identifying other medications that help reduce the risk for gout. 

Such medications are particularly relevant for adults with diabetes mellitus, who are at 

increased risk not only for gout but also for cardiovascular disease (7, 8).

Sodium–glucose cotransporter-2 (SGLT2) inhibitors block the reabsorption of glucose at the 

proximal convoluted tubule and are one of the most effective classes of medications for 

adults with type 2 diabetes mellitus (9, 10). The glycosuria that results from SGLT inhibition 

causes uric acid to be secreted into the urine. In the cardiovascular outcome trial for the 

SGLT2 inhibitor empagliflozin, patients randomly assigned to receive empagliflozin had a 

serum uric acid level approximately 30 μmol/L lower than those assigned to the placebo 

group by the end of the study (8). A recent meta-analysis of more than 60 000 patients 
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demonstrated that adults randomly assigned to receive an SGLT2 inhibitor had a 37-μmol/L 

lower serum uric acid level than those assigned to receive a placebo or comparator 

medication (11). By comparison, another study demonstrated that glucagon-like peptide-1 

(GLP1) agonists do not reduce uric acid levels compared with placebo or comparator 

medication (12).

Although SGLT2 inhibitors lower serum uric acid levels, their effect on reducing gout risk is 

unknown. The meta-analysis of SGLT2 inhibitor trials primarily included adults with normal 

uric acid levels at baseline, so whether the observed reduction in serum uric acid with 

SGLT2 inhibitors is clinically meaningful is unclear (11). If SGLT2 inhibitors are found to 

lower the risk for gout, they may be the ideal treatment for patients with diabetes who are at 

high risk for gout, because SGLT2 inhibitors also reduce the risk for cardiovascular 

mortality and, potentially, all-cause mortality. The objective of this study was to compare the 

gout rate between adults with type 2 diabetes prescribed an SGLT2 inhibitor and those 

prescribed a GLP1 agonist.

Methods

Study Population

We conducted a population-based new-user cohort study using the health care claims 

database IBM MarketScan (13). The database contains longitudinal, individual-level data on 

health care use, inpatient and outpatient diagnoses, diagnostic tests and procedures, 

outpatient laboratory results (for a subset of patients), and pharmacy dispensing of 

medications. Most adults within MarketScan receive their health coverage through an 

employer-based health plan.

We compared adults with type 2 diabetes mellitus newly prescribed an SGLT2 inhibitor or a 

GLP1 agonist between 29 March 2013 (date the first SGLT2 inhibitor was approved) and 31 

December 2017 (last available data). Patients with type 2 diabetes mellitus were identified 

by using codes from the International Classification of Diseases, Ninth Revision (ICD-9) 

and 10th Revision (ICD-10). Patients required at least 1 diagnosis code for type 2 diabetes 

mellitus (Supplement Table 1, available at Annals.org). A systematic review of validation 

studies determined that the positive predictive value of using ICD-9 and ICD-10 codes to 

identify adults with type 2 diabetes mellitus ranges from 71% to 96% (14). Because our 

study required not only a diagnosis of type 2 diabetes mellitus but also a prescription for a 

diabetes medication on the index date, we anticipate that the positive predictive value is 

likely to be improved. Cohort entry date was the date of the first prescription for an SGLT2 

inhibitor or a GLP1 agonist. New users were defined as those without a prescription for 

either drug class in the preceding 180 days. Glucagon-like peptide-1 agonists were chosen as 

the comparator because they are also a second-line treatment for diabetes and have 

cardiovascular benefits similar to those of SGLT2 inhibitors, but do not reduce serum uric 

acid levels (12, 15).

Patients prescribed both an SGLT2 inhibitor and a GLP1 agonist on the cohort entry date 

were excluded. Patients required at least 180 days of continuous health plan enrollment 

before the index date; this period is referred to as the baseline. Patients were excluded if they 
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had any of the following characteristics during the 180-day baseline: HIV, end-stage renal 

disease requiring dialysis, cancer, type 1 diabetes, lack of drug coverage, a diagnosis of gout, 

or a prescription fill for a gout-specific medication (such as colchicine, allopurinol, 

febuxostat, probenecid, or pegloticase). Patients with a history of gout were excluded to 

reduce the risk for potential confounding by indication. In a sensitivity analysis, we assessed 

the risk for gout by using a different comparator medication (dipeptidyl peptidase-4 [DPP4] 

inhibitors). These drugs were selected because they are one of the most commonly 

prescribed second-line medications for adults with diabetes, and they do not lower serum 

uric acid levels (16).

The Brigham and Women’s Hospital Institutional Review Board provided ethics approval, 

and valid data use agreements were in place.

Cohort Follow-up

Follow-up began the day after cohort entry (date of first prescription) and continued until the 

end of the study period, end of continuous health plan enrollment, occurrence of a study 

outcome, discontinuation of the initial medication (or switching to or addition of the 

comparator medication), or death. A medication was considered discontinued if 60 days 

elapsed after the expiration date of the last prescription’s supply without the prescription 

being refilled.

Study Outcome

The primary outcome was incident gout on the basis of an inpatient diagnosis of gout or an 

outpatient diagnosis of gout in addition to a prescription claim for a medication used to treat 

gout up to 14 days after its diagnosis (Supplement, available at Annals.org). The diagnostic 

codes for gout are commonly used in observational studies, and prior validation studies 

demonstrated that these codes accurately identify patients with gout (positive predictive 

value, 60% to 99%) (17, 18).

Baseline Covariates

All covariates were assessed during the baseline. Data were collected for each patient on the 

basis of diagnoses and procedures recorded during health encounters, including chronic 

medical conditions (such as hypertension and cardiovascular disease), diabetes severity and 

control (including hemoglobin A1c levels and end-organ damage), risk factors for gout (such 

as chronic kidney disease and diuretic use), health care use (such as a recent hospitalization 

or an emergency room visit), antidiabetic medications (such as insulin and metformin), and 

non–diabetes-related medications. These covariates were selected a priori on the basis of 

previous literature, clinical experience, and expert opinion (19, 20).

Statistical Analysis

Propensity score matching was used to adjust for measured confounding. The probability of 

receiving an SGLT2 inhibitor versus a GLP1 agonist was calculated by using a multivariable 

logistic regression model that contained all baseline variables except hemoglobin A1c and 

creatinine levels, because neither was available for all patients. No other data were missing 

in our study. A caliper of 0.05 on the propensity scale was used for nearest-neighbor 
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matching with a 1:1 ratio without replacement. Covariate balance between the matched 

cohorts was assessed by using standardized differences, with a value below 0.1 indicating 

negligible differences between groups (21).

After propensity score matching, proportional hazards models were used to estimate the 

hazard ratios (HRs) and 95% CIs of the primary outcome without further adjustments. A 

Kaplan–Meier plot was used to visualize the time to gout diagnosis separately, by group. An 

E-value was calculated to estimate the robustness of the HR of our primary outcome to 

unmeasured confounders (22). CIs for rate differences were computed by using the method 

of Rothman and colleagues (23).

Additional predefined sensitivity analyses included an analysis in which the censoring 

criteria of drug discontinuation or switching were removed and patients were followed for 

up to 365 days unless they reached the end of the study period, disenrolled, or died (“up to 

1-year index medication exposure”); an assessment of the gout rate among patients with at 

least 365 days of available baseline data; an evaluation of the gout rate that used DPP4 

inhibitors as the comparator; and an analysis of the rate of heart failure hospitalization as a 

positive control, because previous studies demonstrated a reduction in heart failure with 

SGLT2 inhibitors but not GLP1 agonists (8, 24–26). In a post hoc analysis, we also assessed 

the rate of the primary outcome across the following 6 subgroups: men, women, patients 

aged 60 years and younger, those older than 60 years, those with baseline diuretic use, and 

those with no baseline diuretic use. All analyses were conducted by using the validated 

Aetion platform V3.12 (27) and R, version 3.1.2 (The R Foundation).

Role of the Funding Source

This study was funded by internal resources in the Division of Pharmacoepidemiology and 

Pharmacoeconomics at Brigham and Women’s Hospital. The authors had complete control 

over the design, conduct, and analysis of the study and the decision to submit the manuscript 

for publication.

Results

We identified 295 907 patients who satisfied study inclusion and exclusion criteria (Figure 

1). Before propensity score matching, 151 949 patients were newly prescribed an SGLT2 

inhibitor and 143 958 were newly prescribed a GLP1 agonist. Nearly all the baseline 

characteristics were well balanced even before propensity score matching, with a few 

exceptions. Adults prescribed a GLP1 agonist were more likely to be women, to be 

prescribed insulin, and to have a diagnosis related to chronic kidney disease or obesity 

(Table 1 and Supplement Table 2, available at Annals.org). Adults prescribed an SGLT2 

inhibitor were more likely to have received a DPP4 inhibitor previously and slightly less 

likely to have received a diuretic or to have seen an endocrinologist previously.

After 1:1 propensity score matching, we were able to match approximately 80% of all 

patients: 119 530 (78.7%) had a new SGLT2 inhibitor prescription, and 119 530 (83.0%) had 

a new GLP1 agonist prescription. All baseline characteristics were well balanced; the 

average age was 54 years, 52% of the patients were women, two thirds had hypertension, 
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and about one quarter had filled a prescription for insulin. The baseline hemoglobin A1c 

level was 8.6%, and baseline creatinine level was 78.7 µmol/L (0.89 mg/dL), although these 

values were available for only 5% of patients. Mean follow-up was 302 days (SD, 290) for 

adults prescribed an SGLT2 inhibitor versus 261 days (SD, 262) for those prescribed a GLP1 

agonist. The most common reason for lack of further follow-up was treatment 

discontinuation, with 49% of patients discontinuing their GLP1 agonist and 45% 

discontinuing their SGLT2 inhibitor treatment. Furthermore, approximately 9% of patients 

who started GLP1 agonist treatment subsequently filled a prescription for an SGLT2 

inhibitor, and 8% of patients who started treatment with an SGLT2 inhibitor subsequently 

filled a prescription for a GLP1 agonist (Supplement Table 4, available at Annals.org).

Rate of Gout

Among 151 949 unmatched adults newly prescribed an SGLT2 inhibitor, 636 were 

subsequently diagnosed with gout (4.9 events per 1000 person-years), compared with 836 

among the 143 958 adults newly prescribed a GLP1 agonist (8.2 events per 1000 person-

years). This outcome corresponded to an unadjusted HR of 0.61 (95% CI, 0.55 to 0.67) for 

incident gout associated with an SGLT2 inhibitor versus a GLP1 agonist. Among 119 530 

propensity score–matched adults with a new SGLT2 inhibitor prescription, 486 were 

subsequently diagnosed with gout (4.9 events per 1000 person-years), compared with 665 

who were newly prescribed a GLP1 agonist (7.8 events per 1000 person-years) (Figure 2). 

This outcome corresponded to an adjusted HR of 0.64 (CI, 0.57 to 0.72). In absolute terms, 

the rate difference between the propensity score–matched SGLT2 inhibitor and GLP1 

agonist groups was −2.85 (95% CI, −3.59 to −2.12) per 1000 person-years (Table 2). Similar 

results were observed in the cohort of patients with at least 365 days of baseline data (Table 

2) and were consistent regardless of sex, age, or baseline diuretic use (Table 3).

In the sensitivity analysis with up to 1 year of index medication exposure, among 119 813 

propensity score–matched adults newly prescribed an SGLT2 inhibitor, 524 were diagnosed 

with gout (5.6 events per 1000 person-years), compared with 712 who were newly 

prescribed a GLP1 agonist (7.7 events per 1000 person-years). This outcome corresponded 

to an adjusted HR of 0.73 (CI, 0.66 to 0.82).

In the sensitivity analysis in which new SGLT2 inhibitor users (n = 97 442) were compared 

with propensity score–matched new DPP4 inhibitor users (n = 97 442) (Supplement Table 3, 

available at Annals.org), the HR for gout associated with an SGLT2 inhibitor was 0.66 (CI, 

0.58 to 0.75) (Table 2).

Assessing for the Impact of Unmeasured Confounding

The E-value for our primary outcome comparing gout rates between adults newly prescribed 

an SGLT2 inhibitor and those newly prescribed a GLP1 agonist was 2.50 (risk ratio, 2.50 

[CI, 2.12 to 2.90]). This finding indicates that our observed HR for the primary outcome 

might be explained away by a strongly related unmeasured confounder that was associated 

with both SGLT2 inhibitor use and gout by a risk ratio of 2.5-fold each, above and beyond 

the measured confounders we included in our study.
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Positive Control Outcome

Among 119 530 propensity score–matched adults newly prescribed an SGLT2 inhibitor, 169 

were hospitalized for heart failure (1.7 events per 1000 person-years) compared with 231 

who were newly prescribed a GLP1 agonist (2.7 events per 1000 person-years). This 

outcome corresponded to an adjusted HR of 0.63 (CI, 0.51 to 0.77) with use of SGLT2 

inhibitors versus GLP1 agonists.

Discussion

In this longitudinal study of nearly 300 000 adults with type 2 diabetes mellitus, we 

observed a lower rate of incident gout among those newly prescribed an SGLT2 inhibitor 

compared with those newly prescribed a GLP1 agonist. Similar findings were observed in 

sensitivity analyses, as well as in the cohort in which adults prescribed a DPP4 inhibitor 

were the comparator group. We observed a relative risk reduction in gout of nearly 40% and 

an absolute risk reduction of about 3 fewer adults with gout per 1000 person-years. Because 

our study was predominantly composed of middle-aged adults, we anticipate that the effect 

sizes may be different in older patients at higher baseline risk for gout.

Although SGTL2 inhibitors are thought to reduce uric acid levels by causing glycosuria, the 

exact mechanism is not well understood (11, 28). In one study of healthy volunteers, a 

reduction in serum uric acid levels was observed within 24 hours of SGLT2 inhibitor 

administration (28). At least 62 previous randomized clinical trials evaluated uric acid levels 

before and after use of an SGLT2 inhibitor (11). Nearly all these studies included adults who 

did not have hyperuricemia at baseline and observed a reduction in uric acid levels among 

adults randomly assigned to receive an SGLT2 inhibitor compared with those who received a 

placebo or comparator medication (11). In contrast, uric acid levels are not decreased by 

GLP1 agonists (12). Thus, GLP1 agonists are an ideal comparator to determine whether the 

observed uric acid reduction seen with SGLT2 inhibitors corresponds to a clinically 

meaningful reduction in the risk for gout. The results of our study provide empirical 

evidence that the reduction in uric acid levels may indeed be clinically meaningful. 

However, earlier studies assessing the risk for gout with SGLT2 inhibitors are lacking; thus, 

our findings require replication.

Because we excluded patients with a history of gout, subsequent observational studies in 

patients with prevalent gout and in those with a higher baseline risk for gout (such as those 

older than 65 years and those with established cardiovascular disease) will be particularly 

important to determine whether the magnitude of potential benefit we identified represents 

an underestimate. Logically, patients with hyperuricemia and higher serum uric acid levels at 

baseline have a greater potential for reducing uric acid levels. If proven, this will be relevant 

for adults with diabetes who also have hyperuricemia, and one day may also be relevant for 

adults with hyperuricemia who do not have diabetes.

Several clinical trials of SGLT2 inhibitors in adults without diabetes are currently under way 

(including a recently completed study of heart failure risk in patients without diabetes) (29). 

According to ClinicalTrials.gov, no clinical trials are currently evaluating SGLT2 inhibitors 

for the treatment or prevention of gout. Identifying effective gout treatments has taken on 
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new importance since the recent randomized CARES (Cardiovascular Safety of Febuxostat 

and Allopurinol in Participants With Gout and Cardiovascular Comorbidities) trial 

demonstrated that febuxostat was associated with a higher risk for cardiovascular death and 

all-cause mortality compared with allopurinol (6).

In 2016, the 21st Century Cures Act directed the U.S. Food and Drug Administration (FDA) 

to evaluate the potential use of real-world data to help support the approval of new 

indications for approved drugs (30). The subsequent Framework for FDA’s Real-World 

Evidence Program, released in 2018, indicates that the FDA is now using real-world data to 

evaluate supplemental indications for already approved medications (31). Previous studies 

identified some of the key components for real-world data to be used in assessing 

medication effectiveness, including the new-user active comparator design, the presence of a 

valid outcome measure, and the identification and adjustment of relevant confounders (30, 

32). Although our study applied all 3 components, replication of our results will be 

necessary to confirm whether the observed reduction in the rate of gout is a true effect of 

SGLT2 inhibitors or the result of unmeasured confounding or a chance finding.

Unmeasured confounding is an important limitation of all observational studies. In our 

study, we did not have access to important risk factors for gout, such as alcohol use, a 

purine-rich diet (such as red meat and seafood), or body mass index (BMI) (1). However, we 

do not anticipate these risk factors to be imbalanced across the 2 propensity score–matched 

groups. Furthermore, the E-value we calculated has determined that the unmeasured variable 

would require a risk ratio of 2.5 with both gout and use of an SGLT2 inhibitor to negate our 

findings. Previous meta-analyses identified the following association with some unmeasured 

variables and gout: high versus no alcohol consumption (relative risk, 1.98 [CI, 1.52 to 

2.58]) (33), high versus low red meat consumption (odds ratio, 1.29 [CI, 1.16 to 1.44]) (34), 

and a BMI of 30 kg/m2 versus 20 kg/m2 (relative risk, 2.67 [CI, 2.16 to 3.30]) (35). This 

finding suggests that BMI might affect the validity of our findings; however, before 

propensity score matching, the prevalence of obesity was higher among adults who received 

a GLP1 agonist than those who received an SGLT2 inhibitor, and this was balanced after 

propensity score matching. For this reason, we do not think that differences in BMI alone 

negate our study’s findings.

An important limitation of 1:1 propensity score matching is that some patients will 

necessarily be excluded to ensure study validity. Although excluding these patients may 

affect the generalizability of our results, we are reassured that our unadjusted results 

including all patients were nearly identical to our adjusted results after propensity score 

matching. Other limitations of our study were incomplete baseline laboratory data (namely 

creatinine and hemoglobin A1c levels) and a relatively short mean follow-up (about 280 

days). Follow-up was longer for adults prescribed SGLT2 inhibitors than those prescribed 

GLP1 agonists, which is in line with previous studies and may be related to nausea and 

vomiting, the most common reason for GLP1 withdrawal. Future studies will be necessary 

to understand whether the benefits we observed attenuate over time.

Although SGLT2 inhibitors may reduce a person’s risk for gout, several adverse events are 

associated with these agents. The most common adverse event is genital infection, which 
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affects approximately 7% of patients who receive an SGLT2 inhibitor (36, 37). Important 

rare adverse events also exist, including diabetic ketoacidosis and, potentially, lower-limb 

amputation (24, 38). The former affects fewer than 1% of patients, and the latter seems 

mainly to affect older adults with preexisting cardiovascular disease who are receiving 

canagliflozin (39). Another important consideration before SGLT2 inhibitors are prescribed 

is their cost. The cash price for a 1-month supply of SGLT2 inhibitors for U.S. adults 

without insurance is approximately $500, whereas the cost for a 1-month supply of DPP4 

inhibitors and GLP1 agonists is about $500 and $900, respectively.

In this study of nearly 300 000 adults with type 2 diabetes, we observed a lower rate of gout 

among those who filled a prescription for an SGLT2 inhibitor than those prescribed a GLP1 

agonist or DPP4 inhibitor. These findings were robust across sensitivity analyses and are 

unlikely to be explained by unmeasured confounding. Future studies are necessary to 

confirm our findings, and if replicated, SGLT2 inhibitors might be an effective class of 

medication for the prevention of gout for patients with diabetes or metabolic disorders.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Cohort entry.

GLP1 = glucagon-like peptide 1, SGLT2 = sodium-glucose cotransporter 2 HIV = human 

immunodeficiency virus, AIDS = acquired immune deficiency syndrome. Gout medications 

included: allopurinol, febuxostat, pegloticase, probenecid, colchicine
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Figure 2. 
Kaplan–Meier curve for propensity score–matched rate of gout. GLP1 = glucagon-like 

peptide-1 agonist, SGLT2 = sodium–glucose cotransporter-2 inhibitor.
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Table 1.

Baseline Characteristics Before and After 1:1 Propensity Score Matching

Characteristic Before Matching After Matching

GLP1 Agonist SGLT2 
Inhibitor

Standardized 
Difference*

GLP1 Agonist SGLT2 
Inhibitor

Standardized 
Difference*

Patients, n 143 958 151 949 – 119 530 119 530 –

Female, n (%) 79 738 (55.4) 68 331 (45.0) 0.21 57 580 (51.7) 57 953 (52.0) 0.01

Mean age (SD), y 54.04 (10.29) 54.62 (9.73) 0.058 54.23 (10.08) 54.22 (9.85) 0.002

Mean hemoglobin A1c 

level (SD), %†
8.6 (1.9) 8.6 (1.8) 0.038 8.6 (1.92) 8.7 (1.84) 0.048

Mean creatinine level 

(SD), mg/dL†‡
0.91 (0.29) 0.89 (0.22) 0.063 0.90 (0.26) 0.88 (0.23) 0.088

Comorbid conditions, n 
(%)

 Diabetic retinopathy 6917 (4.8) 6667 (4.4) 0.02 5437 (4.5) 5309 (4.4) 0.005

 Diabetic neuropathy 17 937 (12.5) 16 060 (10.6) 0.059 13 674 (11.4) 13 602 (11.4) 0.002

 Diabetic nephropathy 9501 (6.6) 6751 (4.4) 0.095 6190 (5.2) 6024 (5.0) 0.006

 Cerebral vascular 
disease

1885 (1.3) 1763 (1.2) 0.014 1473 (1.2) 1440 (1.2) 0.003

 Coronary artery 
disease

13 886 (9.6) 14 234 (9.4) 0.009 11 092 (9.3) 11 077 (9.3) 0

 Hypertension 96 972 (67.4) 104 368 (68.7) 0.028 80 946 (67.7) 80 862 (67.6) 0.002

 Dyslipidemia 94 285 (65.5) 104 955 (69.1) 0.076 80 005 (66.9) 79 826 (66.8) 0.003

 Smoking 6837 (4.7) 7164 (4.7) 0.002 5603 (4.7) 5604 (4.7) 0

 Heart failure 3672 (2.6) 2903 (1.9) 0.043 2578 (2.2) 2502 (2.1) 0.004

 Obstructive sleep 
apnea

19 989 (13.9) 15 324 (10.1) 0.117 14 194 (11.9) 13 979 (11.7) 0.006

 Obesity or overweight 43 366 (30.1) 35 052 (23.1) 0.16 31 609 (26.4) 31 579 (26.4) 0.001

 Chronic kidney disease 4483 (3.1) 1743 (1.1) 0.137 1961 (1.6) 1732 (1.4) 0.016

Diabetes medications, n 
(%)

 Metformin 92 918 (64.5) 91 741 (60.4) 0.086 75 495 (63.2) 75 900 (63.5) 0.007

 Sulfonylurea 43 982 (30.6) 50 862 (33.5) 0.063 37 926 (31.7) 38 062 (31.8) 0.002

 DPP4 inhibitor 21 916 (15.2) 31 776 (20.9) 0.148 20 281 (17.0) 20 180 (16.9) 0.002

 Insulin 43 510 (30.2) 31 980 (21.0) 0.211 30 193 (25.3) 30 053 (25.1) 0.003

Other medications, n (%)

 Statin 84 283 (58.5) 91 302 (60.1) 0.031 70 436 (58.9) 70 350 (58.9) 0.001

 Diuretic 28 170 (19.6) 23 017 (15.1) 0.117 20 509 (17.2) 20 455 (17.1) 0.001

 Oral steroid 15 453 (10.7) 14 283 (9.4) 0.044 12 012 (10.0) 12 053 (10.1) 0.001

 Anti-inflammatory 

medication§
28 291 (19.7) 28 078 (18.5) 0.03 22 967 (19.2) 22 988 (19.2) 0

Health care use, n (%)

 Endocrinologist visit 32 205 (22.4) 25 036 (16.5) 0.149 22 690 (19.0) 22 636 (18.9) 0.001
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Characteristic Before Matching After Matching

GLP1 Agonist SGLT2 
Inhibitor

Standardized 
Difference*

GLP1 Agonist SGLT2 
Inhibitor

Standardized 
Difference*

 General practitioner 
visit

119 821 (83.2) 128 278 (84.4) 0.032 100 022 (83.7) 99 961 (83.6) 0.001

 Emergency department 
visit

20 127 (14.0) 17 900 (11.8) 0.066 15 382 (12.9) 15 388 (12.9) 0

 Colonoscopy 6195 (4.3) 6576 (4.3) 0.001 5158 (4.3) 5176 (4.3) 0.001

 Pneumococcal 
vaccination

4746 (3.3) 4511 (3.0) 0.019 3749 (3.1) 3730 (3.1) 0.001

DPP4 = dipeptidyl peptidase-4; GLP1 = glucagon-like peptide-1; SGLT2 = sodium–glucose cotransporter-2.

*
Values <0.1 indicate adequate balance.

†
Available for about 6% of patients.

‡
To convert to SI units (micromoles per liter), multiply by 88.4.

§
Nonsteroidal anti-inflammatory drugs, including coxibs.
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Table 2.

Gout Rates Before and After 1:1 Propensity Score Matching

Value Before Matching After Matching

GLP1 Agonist SGLT2 Inhibitor GLP1 Agonist SGLT2 Inhibitor

Patients, n 143 958 151 949 119 530 119 530

Person-years, n 102 142 128 818 85 646 98 924

Events, n 836 636 665 486

Rate per 1000 person-years 8.18 4.94 7.76 4.91

Rate difference per 1000 person-years (95% CI) Reference −3.25 (−3.92 to −2.57) Reference −2.85 (−3.59 to −2.12)

HR (95% CI) Reference 0.61 (0.55 to 0.67) Reference 0.64 (0.57 to 0.72)

Sensitivity analysis of up to 1 y of index medication exposure

GLP1 Agonist SGLT2 Inhibitor GLP1 Agonist SGLT2 Inhibitor

Patients, n 144 207 152 250 119 813 119 813

Person-years, n 111 341 118 056 92 651 92 883

Events, n 897 648 712 524

Rate per 1000 person-years 8.06 5.49 7.68 5.64

Rate difference per 1000 person-years (95% CI) Reference −2.57 (−3.24 to −1.89) Reference −2.04 (−2.79 to −1.30)

HR (95% CI) Reference 0.68 (0.62 to 0.75) Reference 0.73 (0.66 to 0.82)

Sensitivity analysis among patients with ≥1 y of baseline data

GLP1 Agonist SGLT2 Inhibitor GLP1 Agonist SGLT2 Inhibitor

Patients, n 110 077 128 325 95 490 95 490

Person-years, n 81 654 114 024 71 511 82 799

Events, n 669 566 576 398

Rate per 1000 patient-years 8.19 4.96 8.05 4.81

Rate difference per 1000 patient-years (95% CI) Reference −3.23 (−3.97 to −2.49) Reference −3.25 (−4.06 to −2.44)

HR (95% CI) Reference 0.61 (0.55 to 0.68) Reference 0.60 (0.53 to 0.68)

Sensitivity analysis using a DPP4 inhibitor as the comparator

DPP4 Inhibitor SGLT2 Inhibitor DPP4 Inhibitor SGLT2 Inhibitor

Patients, n 175 823 128 242 97 442 97 442

Person-years, n 142 676 109 269 75 264 80 901

Events, n 1413 557 608 433

Rate per 1000 person-years 9.90 5.10 8.08 5.35

Rate difference per 1000 person-years (95% CI) Reference −4.81 (−5.47 to −4.14) Reference −2.73 (−3.54 to −1.91)

HR (95% CI) Reference 0.52 (0.47 to 0.57) Reference 0.66 (0.58 to 0.75)

DPP4 = dipeptidyl peptidase-4; GLP1 = glucagon-like peptide-1; HR = hazard ratio; SGLT2 = sodium–glucose cotransporter-2.
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Table 3.

Gout Rate Within Various Subgroups After Propensity Score Matching

Subgroup GLP1 Agonist SGLT2 Inhibitor

Men

 Patients, n 57 807 57 807

 Person-years, n 42 336 51 024

 Events, n 397 325

 Rate per 1000 person-years 9.38 6.37

 HR (95% CI) Reference 0.69 (0.60–0.80)

Women

 Patients, n 61 294 61 294

 Person-years, n 42 986 47 972

 Events, n 262 167

 Rate per 1000 person-years 6.10 3.48

 HR (95% CI) Reference 0.57 (0.47–0.69)

Age ≤60 y

 Patients, n 90 733 90 733

 Person-years, n 63 850 75 702

 Events, n 450 342

 Rate per 1000 person-years 7.05 4.52

 HR (95% CI) Reference 0.64 (0.56–0.74)

Age >60 y

 Patients, n 31 248 31 248

 Person-years, n 23 491 25 151

 Events, n 238 170

 Rate per 1000 person-years 10.13 6.76

 HR (95% CI) Reference 0.67 (0.55–0.82)

Baseline diuretic use

 Patients, n 21 522 21 522

 Person-years, n 15 543 17 851

 Events, n 229 118

 Rate per 1000 person-years 14.73 6.61

 HR (95% CI) Reference 0.45 (0.36–0.56)

No baseline diuretic use

 Patients, n 97 936 97 936

 Person-years, n 70 227 81 070

 Events, n 427 363

 Rate per 1000 person-years 6.08 4.48

 HR (95% CI) Reference 0.74 (0.64–0.85)

GLP1 = glucagon-like peptide-1; HR = hazard ratio; SGLT2 = sodium–glucose cotransporter-2.
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