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Abstract

Background—Short-duration studies show that salsalate improves glycemia in type 2 diabetes

mellitus (T2DM).

Objective—To assess 1-year efficacy and safety of salsalate in T2DM.

Design—Placebo-controlled, parallel trial; computerized randomization and centralized

allocation, with patients, providers, and researchers blinded to assignment. (ClinicalTrials.gov:

NCT00799643)

Setting—3 private practices and 18 academic centers in the United States.

Patients—Persons aged 18 to 75 years with fasting glucose levels of 12.5 mmol/L or less (≤225

mg/dL) and hemoglobin A1c (HbA1c) levels of 7.0% to 9.5% who were treated for diabetes.

Intervention—286 participants were randomly assigned (between January 2009 and July 2011)

to 48 weeks of placebo (n = 140) or salsalate, 3.5 g/d (n = 146), in addition to current therapies,

and 283 participants were analyzed (placebo, n = 137; salsalate, n = 146).

Measurements—Change in hemoglobin A1c level (primary outcome) and safety and efficacy

measures.

Results—The mean HbA1c level over 48 weeks was 0.37% lower in the salsalate group than in

the placebo group (95% CI, −0.53% to −0.21%; P < 0.001). Glycemia improved despite more

reductions in concomitant diabetes medications in salsalate recipients than in placebo recipients.
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Lower circulating leukocyte, neutrophil, and lymphocyte counts show the anti-inflammatory

effects of salsalate. Adiponectin and hematocrit levels increased more and fasting glucose, uric

acid, and triglyceride levels decreased with salsalate, but weight and low-density lipoprotein

cholesterol levels also increased. Urinary albumin levels increased but reversed on

discontinuation; estimated glomerular filtration rates were unchanged.

Limitation—Trial duration and number of patients studied were insufficient to determine long-

term risk–benefit of salsalate in T2DM.

Conclusion—Salsalate improves glycemia in patients with T2DM and decreases inflammatory

mediators. Continued evaluation of mixed cardiorenal signals is warranted.

Primary Funding Source—National Institutes of Health.

Salicylate is one of the oldest drugs in clinical practice, with documented use of relevant

plant extracts for treating pain and inflammation dating back at least 3500 years (1).

Nevertheless, its medicinal properties and mechanisms of action remain incompletely

understood. Chemically pure forms were introduced during the 19th century (2, 3), but by

the century’s end, salicylate had been acetylated by chemists to yield aspirin, which became

the most used—and most marketed—drug in history (1, 4). The mechanism of aspirin is

well-established; the acetyl group covalently modifies a serine at the active site of the

cyclooxygenase (COX) enzymes (5), making it the prototypic nonsteroidal anti-

inflammatory drug (NSAID). Salicylate lacks an acetyl group and, thus, must have a

different mechanism of action. Neither salicylate nor prodrugs, including salsalate or

trilisate, which are marketed for pain, have been tested for efficacy and safety under what

regulatory agencies now consider to be current standard practice in clinical trials.

Interest in salicylate was renewed after suggestions that it lowers blood glucose in type 2

diabetes mellitus (T2DM) (6). Results from proof-of-principle studies using salsalate in

patients with T2DM demonstrated reduced blood glucose, triglyceride, free fatty acid, and

C-reactive protein concentrations; improved glucose utilization during euglycemic

hyperinsulinemic clamp (defined as the glucose infusion rate required to maintain

euglycemia at steady state during insulin infusion); and increased circulating insulin and

adiponectin levels (7). The National Institutes of Health–sponsored TINSAL-T2D

(Targeting Inflammation Using Salsalate in Type 2 Diabetes) trials determine whether this

generic and inexpensive drug is safe, tolerated, and efficacious in diabetes. Stage 1, a dose-

ranging study, was reported (8); stage 2 of TINSAL-T2D is a larger study to assess the

magnitude and durability of glycemic efficacy over 1 year, tolerability, and an array of

safety variables relevant to patients with diabetes.

Methods

Design Overview

Stage 2 of TINSAL-T2D was a single-blind, placebo lead-in, randomized (1:1), placebo-

controlled, parallel clinical trial to assess whether salsalate is superior to placebo in patients

with T2DM and inadequate glycemic control. Participants were randomly assigned between

January 2009 and July 2011, and the last participant visit occurred in September 2011.
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Setting and Participants

The study was conducted at 21 U.S. sites (3 private practice and 18 academic centers).

Participants were recruited from practices or through advertising. Eligible adult patients

were 75 years or younger; had hemoglobin A1c (HbA1c) levels of 7.0% to 9.5% at screening;

and were treated by lifestyle modification or with metformin, insulin secretagogue, or

dipeptidyl peptidase-4 inhibitor, alone or in combination. Participants using insulin,

thiazolidinediones, glucagon-like peptide-1 agonists, NSAIDs, warfarin, or uricosuric agents

were not eligible (Appendix 2, available at www.annals.org).

Randomization and Intervention

The protocol, approved by human subject institutional review boards, included 1-week

screening; a 4-week, single-blind placebo run-in phase; pretreatment baseline evaluation;

and 48 weeks of treatment. Salsalate was administered at 3.0 g daily for 2 weeks then

escalated to 3.5 g daily, as tolerated, divided into 3 daily doses. Randomization was

computer-generated in blocks of 4 with centralized allocation and codes secured at the data

coordinating center. Participants were blinded during the run-in phase. Study participants,

site investigators and staff, steering committee members, and data coordinating center staff

responsible for clinical activities were blinded to treatment assignment. To assess study drug

effect, we recommended that patients maintain stable dosages of diabetes, lipid-lowering,

and hypertension medications for 24 weeks whenever possible. Dose reductions in diabetes

medications were immediate for hypoglycemia. After 24 weeks of randomization, good

clinical practice was recommended with planned “rescue therapy” for very poorly controlled

diabetes (Appendix 2).

Follow-up and Outcomes

Clinic visits followed an overnight fast at screening; run-in; randomization; and 4, 8, 12, 16,

24, 36, and 48 weeks to assess safety, adherence, and treatment response. A visit after

dosing occurred at 50 weeks. An additional visit at week 56 was added for patients with

persistent tinnitus, elevated urinary albumin levels, or increased blood pressure. Adverse

events were assessed by questionnaire at follow-up visits. Quality of life was assessed using

the Short Form-36 Health Survey at baseline and weeks 24 and 48. Clinical laboratory

evaluations were done at Quest Diagnostics (Chantilly, Virginia).

The primary outcome was change in HbA1c level. Key secondary outcomes included change

in other variables to determine effects on glucose homeostasis and cardiometabolic risk

(Appendix 2). Outcomes were assessed after the last patient visit. Hypoglycemia was

classified as mild if symptoms were relieved by food or if documented blood glucose

concentration was less than 3.3 mmol/L (<60 mg/dL) and severe if patients required

assistance.

Statistical Analyses

We calculated a sample size of 286 to detect a 0.5% difference in HbA1c level between

groups at week 48, based on 80% power, an α level of 0.05, an SD of 1.33, and a 20%

withdrawal rate. We analyzed data following intention-to-treat principles, with persons in
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groups as assigned regardless of study drug adherence. Analyses included data from patients

with baseline HbA1c measurements through the end of the trial or withdrawal.

Differences in baseline characteristics between groups used analysis of variance for

normally distributed continuous traits and chi-square or Fisher exact test for categorical

traits. For normally distributed continuous outcomes, we estimated mean group differences

using linear-regression mixed models, including HbA1c measurements adjusted for baseline

over the 48-week study. Natural log-transformations were used for variables with log-

normal distributions. We assumed an autoregressive, moving-average covariance structure.

Group was tested as a fixed effect and clinical center and study time were tested as random

effects. For continuous outcomes with nonparametric distributions that could not be

transformed to the normal distribution (alanine aminotransferase, aspartate

aminotransferase, and γ-glutamyltransferase), we used the Wilcoxon test to compare change

from baseline between groups at week 48. Differences between categorized outcomes were

tested using chi-square analysis. For testing recurring events, such as hypoglycemia, a

patient was categorized as ever or never having the event. All statistical tests report 2-sided

P values; a P value less than 0.050 was considered significant. We used SAS, version 9.2

(SAS Institute, Cary, North Carolina) for analysis.

Role of the Funding Source

The study was funded by the National Institute of Diabetes and Digestive and Kidney

Diseases, which participated in study design and data interpretation. Caraco Pharmaceutical

Laboratories (Detroit, Michigan) provided salsalate and placebo, LifeScan (Milpitas,

California) provided glucometers and test strips, and Mercodia (Uppsala, Sweden) provided

insulin assay materials. No private company had roles in trial design, conduct, data analysis,

or manuscript preparation.

Results

Baseline Characteristics

Of the 638 patients screened, 326 entered the 4-week placebo run-in phase and 286 were

randomly assigned (140 to placebo and 146 to salsalate) (Figure 1). Groups were similar for

multiple baseline characteristics (Table 1). Most participants (88.1%) used metformin,

40.9% took a single diabetes drug, 49% used dual therapy, and 5.6% were already using

triple therapy. Only 4.5% of participants were treated with lifestyle modifications alone.

Although HbA1c levels were 7.0% to 9.5% at screening (mean, 7.85% [95% CI, 7.77% to

7.93%]), 5 weeks later at randomization after the single-blind placebo run-in phase, the

mean HbA1c level decreased by 0.15% (CI, −0.21% to −0.09%; P <0.001, 1-sample t-test).

Results were reported for the 137 placebo recipients and 146 salsalate recipients with a

baseline HbA1c measurement. For the primary outcome of change in HbA1c level, the

placebo group was missing 16% of measurements and the salsalate group was missing 17%

due to participant withdrawal and laboratory specimen problems (Figure 2, A). When

possible, missing laboratory results were redrawn at interim visits or at the next scheduled

visit.
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Study Adherence

Mean medication adherence rates were 91% for placebo and 92% for salsalate; 7.7% of

participants had mean adherence less than 80%. Expected visits were 98%completed. Total

and time to withdrawal did not differ between salsalate and placebo groups. No participants

were unblinded during the trial.

Hemoglobin A1c Level and Glycemic Control

The mean difference in HbA1c levels over 48 weeks between the salsalate and placebo

groups was −0.37% (CI, −0.53% to −0.21%; P < 0.001). The mean HbA1c level in the

salsalate group was 0.33% lower than at baseline after 48 weeks of treatment (CI, −0.44% to

−0.22%; P < 0.001) and essentially unchanged (increase of 0.04%) over 48 weeks in the

placebo group (CI, −0.08% to 0.15%; P = 0.51). Significant differences between groups

were seen at every time point (Figure 2, A).

There was an interaction between baseline HbA1c levels and group (P < 0.001). Baseline

HbA1c levels were not associated with change in HbA1c levels in the placebo group (P =

0.93). For salsalate, baseline glycemia affected the magnitude of glycemic decreases,

because participants with greater baseline HbA1c levels had the greatest magnitudes of

change. For every 1% increase in baseline HbA1c level, the mean (±SE) decrease in HbA1c

levels over 48 weeks was 0.43% ± 0.081% greater (P < 0.001). At 48 weeks, more patients

receiving salsalate (41% salsalate v. 23% placebo) achieved reductions of 0.5% or greater in

HbA1c levels (P = 0.005).

Consistent with HbA1c levels decreasing, the mean change in fasting glucose level was

−0.83 mmol/L (−15 mg/dL) greater for salsalate than placebo over 48 weeks (CI, −1.14 to

−0.53 mmol/L [−20.5 to −9.6 mg/dL]; P < 0.001) (Figure 2, C).

Also related to glycemic control, mild hypoglycemic events occurred more frequently with

salsalate than placebo. Forty-one participants receiving salsalate and 23 receiving placebo

had mild hypoglycemic events (P = 0.036) (Figure 2, B), with a 6-fold increased relative risk

for mild hypoglycemia when salsalate was added to sulfonylurea (P < 0.001). Fewer safety

alerts for crossing hyperglycemic thresholds occurred for salsalate than placebo (Figure 2,

D). Glycemia improved despite adjustments in concomitant diabetes medications in 76

participants (27%). Whereas numbers of adjustments were similar for salsalate (n = 39) and

placebo (n = 37), dose reductions and discontinuations were more frequent for salsalate

(62%) than placebo (13%). Conversely, concomitant diabetes medications were increased

and new therapies instituted more frequently for patients receiving placebo (87%) than those

receiving salsalate (38%) (P < 0.001) (Appendix Tables 1 and 2, available at

www.annals.org).

The paradoxical increase in fasting insulin and decrease in C-peptide concentrations for

salsalate compared with placebo were seen, as in previous reports (Table 2) (7, 8).
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Other Measures of Efficacy and Safety

Anti-inflammatory effects of salsalate were evidenced by changes in circulating leukocyte

and differential counts. Mean differences in change over 48 weeks demonstrated decreases

in leukocyte, neutrophil, and lymphocyte counts with salsalate compared with placebo

(Table 2 and Figure 3, A, C, and E). All counts remained within normal ranges.

Adiponectin, a potentially cardioprotective protein from adipocytes, increased by 27% over

48 weeks (P < 0.001) compared with placebo. Uric acid levels, which are associated with

cardiometabolic conditions and progression of renal insufficiency, decreased by 18% in

salsalate versus placebo groups (P = 0.003) (Table 2; Figure 3, D; and Figure 4, B).

For salsalate recipients, there was a 1.3-kg placebo-corrected increase in weight (P < 0.001),

a trend toward increased systolic blood pressure, and lower heart rate (P = 0.010) (Table 2).

Salsalate decreased median triglyceride concentrations by 9% compared with placebo (P =

0.002). In contrast, mean total and directly measured low-density lipoprotein (LDL)

cholesterol levels (Figure 3, F) both increased (P < 0.001) with salsalate versus placebo,

without changes in high-density lipoprotein (HDL) cholesterol levels. Increased LDL

cholesterol levels in the salsalate group were independent of baseline statin use.

Alanine aminotransferase trended lower and γ-glutamyltransferase levels decreased (Table

2) with salsalate compared with placebo.

Renal Function

The urinary albumin–creatinine ratio (ACR) increased by 2.3 μg/mg (CI, 2.0 to 2.7 μg/mg; P

< 0.001) in patients treated with salsalate compared with placebo (Figure 4, A). Of 248

participants with urinary ACRs less than 30 μg/mg at screening and baseline, 7 of the 120

receiving placebo compared with 24 of 128 participants receiving salsalate had greater

values at week 48. However, if the urinary ACR increased to greater than 30 μg/mg at any

time during randomized treatment, it tended to remain increased in the placebo group

(Figure 4, C) but reversed during the 8-week washout period in the salsalate group (Figure 4,

D). One participant in each group had frank albuminuria (ACR >300 μg/mg) at the end of

the study. Change in weight, blood pressure, and salicylate concentrations were modestly

correlated with changes in albuminuria, but estimated glomerular filtration rate (GFR),

aspirin use, and antihypertensive medications—including angiotensin-converting enzyme

inhibitors and angiotensin-receptor blockers—were not correlated (data not shown).

Estimated GFR did not change within or between groups (P = 0.176) (Figure 4, E).

However, serum creatinine levels were greater with salsalate than with placebo (P = 0.008).

In contrast, serum cystatin C levels did not differ between groups (P = 0.50) and, similarly,

estimated GFR calculated using cystatin C levels did not change between salsalate and

placebo groups (P = 0.28) (Figure 4, F).

Adverse Events

No serious adverse events were attributed to salsalate. Tinnitus, an expected adverse effect

of high-dose salicylates, was reported by 16 (11%) patients receiving salsalate and 7 (5%)
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receiving placebo (P = 0.082). Two placebo recipients and 7 salsalate recipients had dose

adjustments for tinnitus (P = 0.174, Fisher exact test). Tinnitus resolved or returned to

baseline in all participants by the end of the study. There was no evidence of gastrointestinal

bleeding by history, and hematocrit levels actually increased (P < 0.001) (Figure 3, D). The

Short Form-36 questionnaire did not detect differences in quality of life. Adverse events that

occurred with frequencies of 5% or greater and numerically more frequently in salsalate

recipients than placebo recipients are listed in Appendix Table 3 (available at

www.annals.org). Gastrointestinal side effects did not differ between groups (Appendix

Table 4, available at www.annals.org).

Discussion

This trial evaluated glycemic effects of salsalate compared with placebo as add-on therapy

for patients with inadequately treated, established T2DM. Salsalate reduced both HbA1c and

fasting blood glucose levels at all study time points. The magnitude of glycemic

improvement in the first few months was consistent with those seen in our previous trial,

which also included patients with established diabetes who were using as many as 3 oral

diabetes medications (8), but was lower in magnitude than the between-group 2.3%

reduction in HbA1c levels seen over 12 weeks in drug-naive patients with new-onset T2DM

(9). The magnitude of change in HbA1c levels with salsalate was similar to that seen in

recent studies for other marketed drugs used clinically to treat T2DM in which baseline

HbA1c levels were less than 8%. For example, a recent study compared linagliptin with

glimepiride in patients receiving metformin. The baseline HbA1c level of 7.7% was similar

to participants in our study. The mean changes in HbA1c level was −0.16% for linagliptin

−0.36% for glimepiride (10). The effect of salsalate on HbA1c levels of −0.37% was of

similar magnitude.

There was attenuation of HbA1c levels decreasing at 1 year. This was partially attributable to

adjustments in concomitant diabetes medications, which had been discouraged during the

first 24 weeks of the trial. Disease progression and attenuation of drug efficacy may

contribute. Concomitant diabetes medications were adjusted in more than 25% of

participants, with more reductions for participants who received salsalate and more increases

for those who received placebo, thus diminishing estimates of salsalate efficacy.

Hypoglycemia is both a measure of efficacy and the most commonly seen side effect in this

trial. The relative risk for mild hypoglycemia was 6-fold greater when salsalate was

coadministered with sulfonylureas. These findings are consistent with the absence of

hypoglycemia in persons who do not have diabetes but use salsalate for pain management.

Salicylates, including salsalate, have been used extensively for joint pain, without safety

concerns specific to T2DM or cardiovascular disease (CVD). There were no major signs of

increased cardiovascular risk, yet modest changes in placebo-adjusted weight and LDL

cholesterol and urinary albumin levels warrant further assessment. Some diabetes

medications cause weight gain through increased adiposity and fluid retention. Salicylates

are not known to increase adiposity. Insulin increases weight through improved tissue

glucose utilization, and salsalate increases circulating insulin levels. Salicylates may also
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reverse loss of muscle mass associated with diabetes and aging (11). Biological modifiers,

including anti–tumor necrosis factor-α and anti–interleukin-6, also increase LDL cholesterol

levels (12). Potential benefits of salicylates in CVD are being tested (ClinicalTrials.gov:

NCT00624923).

The anti-inflammatory properties of salsalate were evidenced by reductions in circulating

leukocyte, neutrophil, and lymphocyte counts. These are previously unrecognized clinical

effects of salicylates, including those used for rheumatologic conditions. Although

decreased leukocyte counts could signify a bone marrow effect, hematocrit levels increased,

making general bone marrow depression unlikely. Leukocyte and differential counts are

elevated in obesity and the metabolic syndrome (13) and predict incident T2DM (14, 15),

CVD, and poor outcomes in CVD (16-18). We speculate that reductions from higher to

lower normal ranges may benefit patients at cardiometabolic risk and that nuclear factor-κB

inhibition is the likely molecular mechanism for these reductions (6, 19-22).

Cyclooxygenase inhibitors are not known to decrease leukocyte and differential counts,

distinguishing these drug classes and potential mechanisms. In addition, statins do not

decrease leukocyte counts and this effect occurred in patients receiving statins, thus

demonstrating anti-inflammatory effects of salsalate independent from and in addition to

those of statins. By contrast, salsalate had little effect on high-sensitivity C-reactive protein

levels, which are decreased by statins, further supporting different mechanisms of action.

Salsalate also increased adiponectin and decreased uric acid levels, as seen previously (8),

suggesting improved cardiometabolic risk (23). Reductions in liver aminotransferases, γ-

glutamyltransferase and a trend for alanine aminotransferase, are also consistent with

metabolic improvements and anti-inflammatory efficacy.

Cyclooxygenase inhibitors have been associated with acute kidney injury, especially in

patients with diabetes or those using diuretics. Renal side effects of salsalate, an NSAID

with distinct mechanisms of action, are lower than nonselective COX inhibitors (24). Renal

safety signals were mixed. Urinary albumin levels increased more frequently with salsalate

than with placebo, although this was reversible in the salsalate group. The magnitude of

change is of unclear clinical relevance, particularly when estimated GFR was unchanged,

calculated using either creatinine or cystatin C levels.

Mechanisms of salsalate action differ considerably from the COX inhibitors. Salsalate does

not alter platelet or renal prostaglandins, which are suppressed by aspirin and other NSAIDs

(25, 26), or alter prothrombin times, bleeding times, or platelet aggregation (27-29).

Salsalate is also less prone than aspirin and other NSAIDs to cause gastric irritation (30-33).

Although decreases in leukocyte counts are probably nuclear factor-κB–mediated effects,

mechanisms for decreases in glucose levels are more difficult to pinpoint. Inflammation

seems to participate in the pathogenesis of insulin resistance and T2DM, suggesting that

there may be tractable anti-inflammatory strategies for decreasing glucose levels (34, 35).

Although salsalate decreases both glucose levels and inflammation and these are associated

in our trial, we have not proven a mechanistic link. The glucose level–decreasing effects of

interleukin-1β blockade support a general strategy to targeting inflammation, albeit using an
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independent anti-inflammatory approach (36, 37). Salicylate has additional potential

mechanisms to consider, including effects on mitochondrial dehydrogenases (38, 39),

transcription factors in addition to nuclear factor-κB (40-42), and cellular kinases (43-49).

Recently, salicylate has also been shown to inhibit 11-β hydroxysteroid dehydrogenase type

1 in adipose tissue (50) and to stimulate adenosine monophosphate–activated protein kinase

(51). Relative contributions for these potential mechanisms have not been distinguished.

Elevated circulating insulin levels may contribute to decreasing glucose levels. However, the

reduced insulin clearance seen in humans receiving salicylates is not observed in rodents,

making mechanistic evaluations more difficult (7, 8, 52, 53).

Limitations of our study include the relatively small number of patients and short trial

duration, which restricts assessments of long-term durability and cardiovascular outcomes.

Current results do not distinguish whether decreases in glucose levels are greater for

salsalate alone or in certain therapeutic combinations. In addition, changes in concomitant

diabetes drugs confound estimates of the efficacy of salsalate.

To our knowledge, this was the first evaluation of either salicylate or salsalate conducted

using a multicenter, randomized, double-blinded, placebo-controlled trial format lasting

longer than 3 months. The drug was well-tolerated and the primary end point of HbA1c level

decreasing was achieved at all points tested. The magnitude of effect was similar to other

oral diabetes therapies currently in use when added to metformin. Anti-inflammatory effects

of salsalate were readily apparent at all time points as reductions in leukocyte and

differential counts. Glucose level–decreasing and anti-inflammatory effects were associated,

although this does not prove a mechanistic connection. Changes in renal function or LDL

cholesterol levels and associated long-term cardiorenal safety and outcomes require

continued evaluation before salsalate can be recommended for widespread use in T2DM.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Context

Salicylate is one of the oldest drugs in clinical practice. Neither salicylate nor its prodrug

forms, including salsalate, have been tested for efficacy and safety according to currently

accepted regulatory practices. Preliminary data suggest that salsalate may improve

glycemic control in type 2 diabetes.

Contribution

In this randomized trial of patients with type 2 diabetes and inadequate glycemic control,

salsalate improved hemoglobin A1c levels and decreased inflammatory markers over 1

year compared with placebo. Increases in weight and total and low-density lipoprotein

cholesterol levels were seen, as was a reversible increase in albuminuria.

Implication

Salsalate may be an effective treatment for glucose control in type 2 diabetes, but further

study on the effects on cardiac and renal disease is warranted.

—The Editors
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Figure 1. Study flow diagram
All data were used through trial completion or point of withdrawal for patients with a

baseline HbA1c measurement. Two participants withdrew after randomization but before the

blood draw; 1 additional participant did not have baseline HbA1c measurement from the

laboratory. Percentages may not sum to 100 due to rounding. HbA1c = hemoglobin A1c.
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Figure 2. Glycemic effects of salsalate
HbA1c (A) and FBG (C) levels are graphed as unadjusted means and 95% CIs. In panel A,

the numbers of participants analyzed for the primary end point of HbA1c levels at each time

point are displayed below study week. Mild hypoglycemia events (B) and notifications for

hyperglycemia (D) sent to the primary caregivers are based on HbA1c levels >10.5% before

week 24 and >9.5% after week 24. Participants could have >1 mild hypoglycemic event or

exceed the hyperglycemic threshold >1 time during the trial. FBG = fasting blood glucose;

HbA1c = hemoglobin A1c.
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Figure 3. Mean values and 95% CIs for leukocyte count (A), hematocrit (B), neutrophil count
(C), adiponectin level (D), lymphocyte count (E), and LDL cholesterol level (F)
LDL = low-density lipoprotein.
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Figure 4. Renal effects of salsalate
ACR = albumin–creatinine ratio; DC = discontinued; eGFR = estimated glomerular

filtration rate; IQR = interquartile range; MDRD = Modification of Diet in Renal Disease;

NS = not significant. A. Median changes and IQRs for urinary ACR. Error bars represent the

IQRs. The 2.3-μg/mg between-group difference in ACR reported in the text and values

reported in Table 2 were obtained by back-transformation of log-transformed data for ACR

because ACR was not normally distributed. B. Mean changes and 95% CIs in circulating

uric acid levels. C and D. ACRs for the 23 participants receiving placebo (C) and 33

receiving salsalate (D) who were asked to return at week 56, after 8-week washout period,

because ACR or blood pressure was elevated at week 48. Lines are median values; shaded

areas are 25th through 75th quartiles. E and F. Mean changes and 95% CIs for eGFRs, using

creatinine concentrations and the MDRD equation (E) or cystatin C concentrations (F).
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Table 1

Baseline Characteristics, by Treatment Group*

Characteristic Total (n = 286) Placebo (n = 140) Salsalate (n = 146)

Mean age (SD), y 55.8 (9.6) 55.8 (10.0) 55.8 (9.2)

Male sex 156 (54.5) 74 (52.9) 82 (56.2)

Race/ethnicity†

 White 151 (52.8) 75 (53.6) 76 (52.1)

 Black 95 (33.2) 47 (33.6) 48 (32.9)

 Other 40 (14.0) 18 (12.9) 22 (15.1)

BMI (SD), kg/m2 33.3 (6.7) 33.2 (6.8) 33.3 (6.7)

Median time since diabetes diagnosis (min, max), y 4.9 (0.1, 38.3) 4.9 (0.2, 35.0) 5.3 (0.1, 38.3)

Medical history

 Established CVD‡ 32 (11.2) 14 (10.0) 18 (12.3)

 Hypertension§ 208 (72.7) 101 (72.1) 107 (73.3)

 Dyslipidemia∥ 199 (69.6) 97 (69.3) 102 (69.9)

Family history¶ of T1DM 13 (4.5) 6 (4.3) 7 (4.8)

Family history¶ of T2DM 190 (66.4) 93 (66.4) 97 (66.4)

Family history¶ of CVD 163 (57.0) 82 (58.6) 81 (55.5)

 Taking diabetes medications Metformin 252 (88.1) 124 (88.6) 128 (87.7)

 Insulin secretagogue 149 (52.1) 65 (46.4) 84 (57.5)

 α-Glucosidase inhibitor 1 (0.3) 0 (0.0) 1 (0.7)

 DPP-4 inhibitor 43 (15.0) 20 (14.3) 23 (15.8)

Lifestyle only (no diabetes drugs) 13 (4.5) 7 (5.0) 6 (4.1)

Taking 1 diabetes medication 117 (40.9) 62 (44.3) 55 (37.7)

Taking 2 diabetes medications 140 (49.0) 66 (47.1) 74 (50.7)

Taking 3 diabetes medications 16 (5.6) 5 (3.6) 11 (7.5)

Taking lipid medications** 180 (62.9) 85 (60.7) 95 (65.1)

 Statin 171 (59.8) 80 (57.1) 91 (62.3)

 Other lipid medications 28 (9.8) 13 (9.3) 15 (10.3)
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Characteristic Total (n = 286) Placebo (n = 140) Salsalate (n = 146)

Taking antihypertensive medications†† 185 (64.7) 91 (65.0) 94 (64.4)

 ACE inhibitor or ARB 159 (55.6) 75 (53.6) 84 (57.5)

 Other antihypertensive medications 111 (38.8) 62 (44.3) 49 (33.6)

Taking low-dose aspirin‡‡ 116 (40.6) 57 (40.7) 59 (40.4)

ACE = angiotensin-converting enzyme; ARB = angiotensin-receptor blocker; BMI = body mass index; CVD = cardiovascular disease; DPP-4 =
dipeptidyl peptidase-4; max = maximum; min = minimum; T1DM = type 1 diabetes mellitus; T2DM = type 2 diabetes mellitus.

*
All values are numbers (percentages) unless otherwise indicated. Percentages may not sum to 100 due to rounding.

†
Patients appearing in >1 category are grouped with “other.”

‡
A history of stroke, angina, coronary artery bypass graft surgery, or percutaneous transluminal coronary angioplasty.

§
Systolic blood pressure >140 mm Hg or diastolic blood pressure >90 mm Hg or taking antihypertensive drugs, including loop, thiazide, or

potassium-sparing diuretics, potassium supplements, ACE inhibitors, ARBs, calcium-channel blockers, peripheral α-blockers, central α-adrenergic
agonists, β-blockers, vasodilators, or reserpine.

∥
Low-density lipoprotein cholesterol level >3.89 mmol/L (>150 mg/dL) or taking cholesterol-lowering drugs, including bile acid sequestrants, 3-

hydroxy-3-methylglutaryl coenzyme A reductase inhibitors (statins), fibrates, cholesterol absorption inhibitors, niacin, and nicotinic acid.

¶
First-degree relatives.

**
Some participants take statins and “other” lipid medications.

††
Some participants take ACE inhibitors or ARBs and “other” antihypertensive agents.

‡‡
81–325 mg/d.
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