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Abstract
Background—Salsalate, a nonacetylated prodrug of salicylate, has been shown to decrease
blood glucose concentration in small studies.

Objective—To compare the efficacy and safety of salsalate at different doses in patients with
type 2 diabetes.

Design—Parallel randomized trial with computer-generated randomization and centralized
allocation. Patients and investigators, including those assessing outcomes and performing
analyses, were masked to group assignment. (ClinicalTrials.gov registration number:
NCT00392678)

Setting—3 private practices and 14 universities in the United States.
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Patients—Persons aged 18 to 75 years with fasting plasma glucose concentrations of 12.5 mmol/
L or less (≤225 mg/dL) and hemoglobin A1c (HbA1c) levels of 7.0% to 9.5% treated by diet,
exercise, and oral medication at stable doses for at least 8 weeks.

Intervention—After a 4-week, single-masked run-in period, patients were randomly assigned to
receive placebo or salsalate in dosages of 3.0, 3.5, or 4.0 g/d for 14 weeks (27 patients each) in
addition to their current therapy.

Measurements—Change in HbA1c was the primary outcome. Adverse effects and changes in
measures of coronary risk and renal function were secondary outcomes.

Results—Higher proportions of patients in the 3 salsalate treatment groups experienced
decreases in HbA1c levels of 0.5% or more from baseline (P = 0.009). Mean HbA1c changes were
−0.36% (P = 0.02) at 3.0 g/d, −0.34% (P = 0.02) at 3.5 g/d, and −0.49% (P = 0.001) at 4.0 g/d
compared with placebo. Other markers of glycemic control also improved in the 3 salsalate
groups, as did circulating triglyceride and adiponectin concentrations. Mild hypoglycemia was
more common with salsalate; documented events occurred only in patients taking sulfonylureas.
Urine albumin concentrations increased in all salsalate groups compared with placebo. The drug
was otherwise well tolerated.

Limitation—The number of patients studied and the trial duration were insufficient to warrant
recommending the use of salsalate for type 2 diabetes at this time.

Conclusion—Salsalate lowers HbA1c levels and improves other markers of glycemic control in
patients with type 2 diabetes and may therefore provide a new avenue for treatment. Renal and
cardiac safety of the drug require further evaluation.

Primary Funding Source—National Institute of Diabetes and Digestive and Kidney Diseases,
National Institutes of Health.

Case reports published more than a century ago (1, 2) suggested that high-dose sodium
salicylate could diminish glycosuria in older diabetic patients. More recently, inflammation
and innate immunity have been implicated in the pathogenesis of insulin resistance and type
2 diabetes (3, 4). Obesity activates the transcription factor nuclear factor–κB (NF-κB), which
promotes insulin resistance and risk for both type 2 diabetes and cardiovascular disease (5–
7). High-dose sodium salicylate inhibits NF-κB (8–10). These findings may explain the
original observations and provide potential new avenues for intervention in type 2 diabetes
(5).

A pilot trial that used aspirin, approximately 7 g/d (11), also demonstrated decreases in
glucose concentrations (12, 13). However, aspirin at high doses is associated with risk for
bleeding, which limits clinical utility. Sodium salicylate does not irreversibly inhibit
cyclooxygenase-1 and -2 (COX-1 and COX-2) (14, 15) and is thus not antithrombotic, but it
also irritates the gastrointestinal tract. We therefore initiated pilot studies of salsalate, a
prodrug of salicylate that is well tolerated and considered safe after years of use for arthritis.
Salsalate reduced blood glucose, triglyceride, free fatty acid and C-reactive protein
concentrations; improved glucose utilization; and increased circulating insulin and
adiponectin concentrations in small proof-of-concept studies (16, 17). The TINSAL-T2D
(Targeting Inflammation Using Salsalate in Type 2 Diabetes) trial evaluates whether this
generic and inexpensive drug is safe, tolerated, and efficacious in patients with type 2
diabetes.
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Methods
Trial Design

The TINSAL-T2D trial was a single-mask lead-in, randomized, double-masked placebo-
controlled, dose-ranging multicenter clinical trial conducted at 17 sites in the United States
(3 private practices and 14 university or academic centers). The protocol, approved by
human subject institutional review boards at each institution, included 1 week of screening,
a 4-week single-masked placebo run-in, pretreatment baseline evaluation, and a 14-week
treatment period with visits at 2, 4, 8 and 14 weeks after random assignment. Study patients,
site investigators and staff, steering committee members, and members of the data
coordinating center responsible for clinical activities were masked to treatment assignment.
We recruited patients through physician referral and advertisement. The single-masked
placebo run-in period provided an interval for metabolic stabilization, which may
accompany participation in a clinical trial because of potential changes in lifestyle or
adherence to therapies. Patients with 80% or more adherence to masked placebo, assessed
by pill count, were eligible for random assignment, which we conducted in clinic blocks by
using central computer assignments. We assigned equal numbers to receive either salsalate,
in dosages of 3.0, 3.5, or 4.0 g/d, or an identical-appearing placebo, divided into 3 daily
doses. Randomization codes were secured at the data coordinating center. We escalated the
dosages by 0.5 g/d over 2-week intervals for patients randomly assigned to receive higher
dosages. We assessed adherence by pill count.

We systematically assessed adverse events with a questionnaire given at each follow-up
visit. Patients were instructed to monitor daily fasting glucose and symptomatic events by
using glucometers. The postdosing safety evaluation, conducted 2 weeks after therapy,
included a systematic medical history. Staff evaluated vital signs and laboratory chemistries
for patients with systolic or diastolic blood pressure greater than 160 or 95 mm Hg,
respectively; change from baseline in systolic or diastolic blood pressure greater than 10 mm
Hg; decrease from baseline in estimated glomerular filtration rate (GFR) by 20 mL/min per
1.73 m2; or serum creatinine levels above normal. We reduced dosages for patients with
tinnitus, who continued receiving the maximum tolerable dose nearest the original
assignment. We also reduced concurrent diabetes therapies for patients with hypoglycemia,
either documented by home glucose monitoring or with recurrent consistent symptoms;
concurrent oral therapies were increased for documented hyperglycemia at the discretion of
the primary care provider. We assessed quality of life by using the total scale and 9
subscales of the Short Form-36 (SF-36) survey, which reflects aspects of physical and
mental health and well-being.

Criteria for terminating treatment included patient decision to withdraw consent; pregnancy
or lactation; a new diagnosis of an exclusionary medical condition; an intolerable adverse
event, as judged by the investigator and the patient; and hospitalization or surgical
procedures deemed probably related to the use of the study drug.

Study Population
Eligible adult patients were younger than 75 years; received their diagnosis of type 2
diabetes 8 or more weeks previously; had fasting plasma glucose concentrations of 12.5
mmol/L or less (≤225 mg/dL) and hemoglobin A1c (HbA1c) levels of 7.0% to 9.5% at
screening; and were treated by diet and exercise alone or with metformin, an insulin
secretagogue, or a dipeptidyl peptidase-4 inhibitor, either as monotherapy or in combination.
Concomitant diabetes medication had to have been at stable dosages for at least the past 8
weeks. Patients who received low-dose aspirin (81 to 325 mg/d) were eligible for the trial.
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Exclusion criteria included treatment with insulin, thiazolidinedione (because of the
potential overlap in mechanism), or exenatide (because of association with weight loss);
intentional weight loss of 4.5 kg or more in the previous 6 months; receipt of weight-loss
drugs or corticosteroids in the previous 3 months; or recent long-term nonsteroidal anti-
inflammatory drug therapy. We also excluded patients who were receiving uricosuric agents
or anticoagulants other than low-dose aspirin or had aspirin allergy, severe diabetic
neuropathy, peptic ulcer disease or gastritis, unstable cardiovascular disease, uncontrolled
hypertension, anemia or thrombocytopenia, hypertriglyceridemia, stage 3 or greater chronic
kidney disease or proteinuria, hepatic dysfunction, or other conditions likely to interfere
with the conduct of the trial. We added preexisting chronic tinnitus as an exclusion criterion
early in the course of the trial.

Study End Points
The primary outcome was change in HbA1c level. Important secondary outcomes included
changes in various other metabolic parameters, to determine the effect of salsalate on
glucose and lipid homeostasis and coronary risk. We classified hypoglycemia 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 as severe if patients required assistance.

Laboratory Measures
Unless otherwise noted, laboratory measurements were performed at Quest Diagnostics
(Chantilly, Virginia). Commercial immunoassays for insulin, C-peptide, adiponectin, high-
sensitivity C-reactive protein, free fatty acid, and glycated albumin were performed
according to assay instructions. Serum cystatin C concentration and cystatin C GFR were
measured as described elsewhere (17–19).

Statistical Analysis
The trial was designed to detect a 15% difference in the proportion of patients with an
absolute difference in HbA1c level of at least 0.5% from baseline to 14 weeks between
placebo and at least 1 treatment group, with statistical power of 90% and an α level of 0.05.
We closed the data set before initiating analyses, which followed the intention-to-treat
principle. We compared baseline characteristics among groups by using the chi-square test,
Fisher exact test, and parametric and nonparametric analysis of variance. We evaluated the
primary outcome by using chi-square analyses to compare the proportion of patients in each
treatment group whose HbA1c level decreased by 0.5%. We evaluated differences between
active treatment groups and placebo after adjusting the α level for multiple comparisons by
using the Holm–Bonferroni method (20).

For continuous, normally distributed secondary outcomes, we estimated between-group
differences by using linear mixed models adjusted for baseline levels, clinical center, and
follow-up. For secondary outcomes that were continuous but not normally distributed, we
examined changes from baseline to week 14 by using the Kruskal–Wallis test for an overall
treatment effect and, when significant, used the Wilcoxon test to compare active treatment
groups with placebo. We compared each active group with placebo; we used the Holm
procedure to adjust P values for multiple comparisons and report the adjusted α levels. We
also report nominal P values for the overall test of difference among treatment groups,
unadjusted for multiple statistical testing of the secondary hypotheses. All P values were 2-
sided; we considered values less than 0.05 to be statistically significant. We conducted post
hoc analyses to determine whether changes in albumin and creatinine levels at week 14 were
associated with changes in baseline variables by using analysis of variance for estimated
GFR, blood pressure, and weight and the Fisher exact tests for aspirin and angiotensin
modulators.
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Role of the Funding Source
The TINSAL-T2D trial is supported by the National Institute of Diabetes and Digestive and
Kidney Diseases, National Institutes of Health (Bethesda, Maryland). The funding agency
was involved in study design and interpretation of the data. Caraco Pharmaceuticals
(Detroit, Michigan) provided study drug and placebo, LifeScan (Miltipas, California)
provided glucometers and test strips, and Mercodia (Uppsala, Sweden) provided insulin
assay materials. No private company had a role in the design or conduct of the trial, data
analysis, or manuscript preparation.

Results
Baseline Characteristics

Of the 277 patients screened, 128 entered the 4-week placebo run-in phase (Figure 1). Most
(72%) of the patients excluded at screening had HbA1c levels outside of inclusion criteria.
Differences in baseline characteristics among treatment groups were not clinically
significant (Table 1).

Study Adherence
Median drug adherence rates, as assessed by pill count, were 94% to 98%. No patients were
unmasked during the trial. Of the 27 patients randomly assigned to each treatment group, 25
to 27 per group completed the study.

HbA1c Level and Glycemic Control
Higher proportions of patients in the 3 salsalate treatment groups experienced decreases in
HbA1c level of 0.5% or more from baseline; the difference was statistically significant
overall (P = 0.009) and in pairwise comparisons with placebo for each salsalate dose (Table
2 and Figure 2, A). Mean changes in HbA1c level for the salsalate groups were −0.36% at
3.0 g/d (P = 0.02), −0.34% at 3.5 g/d (P = 0.02), and −0.49% at 4.0 g/d (P = 0.001)
compared with placebo.

Glycemic control also improved in the 3 salsalate groups compared with placebo, as
measured by decreased fasting blood glucose concentration and glycated albumin level
(Table 3 and Figure 2, B and C). A total of 119 mild hypoglycemic events were reported in
22 patients, 2 (7%) in the placebo group and 6 (22%) in the 3.0-g/d, 8 (30%) in the 3.5-g/d,
and 6 (22%) in the 4.0-g/d salsalate groups (Table 4). Documented hypoglycemia (glucose
concentration ≤3.3 mmol/L [≤60 mg/dL]) occurred only in patients who were also receiving
a sulfonylurea. One patient in the 3.5-g/d salsalate group had an episode of severe
hypoglycemia that required assistance after missing a meal; the patient was also receiving a
sulfonylurea and metformin.

One patient (4%) in the 3.0-g/d, 4 (15%) in the 3.5-g/d, and 3 (11%) in the 4.0-g/d salsalate
groups needed to have their concomitant diabetes medication dosages reduced because of
hypoglycemia. Two patients (7%) in the placebo group needed to have concomitant drug
dosages increased to treat out-of-range hyperglycemia. Improvements in glycemia occurred
despite these adjustments, which would blunt differences between the placebo and treatment
groups.

Other Measures of Efficacy and Safety
Changes in body weight, blood pressure, and C-peptide and C-reactive protein
concentrations from baseline did not significantly differ among groups after adjustments,
despite the decreases in C-reactive protein concentration reported in previous pilot studies
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(16, 17). Median insulin and adiponectin concentrations increased in the salsalate groups
(Figure 2, D).

Salsalate decreased mean triglyceride concentrations more than placebo (Table 3 and Figure
2, E); mean low-density lipoprotein cholesterol levels increased by 0.39 mmol/L (15 mg/dL)
(P = 0.002) in the 3.0-g/d group compared with placebo, but did not differ from placebo in
the other salsalate groups. Changes from baseline in total cholesterol and high-density
lipoprotein cholesterol levels, total cholesterol– high-density lipoprotein cholesterol ratio
(Figure 2, F), and free fatty acid concentration did not otherwise differ after adjustments; the
latter finding contrasts with our earlier, shorter studies (5, 16).

Concentrations of alanine aminotransferase, aspartate aminotransferase, and γ-
glutamyltransferase did not differ among groups.

The SF-36 survey suggested improvement in the physical and social functioning subscales
compared with placebo (P = 0.02), although total score did not change.

Renal Function
Median urinary albumin concentration, measured only at baseline and end of treatment and
expressed as the albumin– creatinine ratio, increased in all salsalate groups compared with
placebo. In the 3.5-g/d group, mean serum creatinine level increased by 8.0 μmol/L (0.09
mg/dL) (P = 0.009) but remained within the normal range, and estimated GFR (21)
decreased by 8.8 mL/min per 1.73 m2 (P = 0.02). The changes in urine albumin
concentration were unrelated to changes in weight, blood pressure, and estimated GFR or to
use of aspirin, angiotensin modulators, or antihypertensive medications (data not shown).

In contrast, neither cystatin C concentration nor the GFR calculated by using cystatin C
changed in any salsalate treatment group compared with placebo. Salsalate decreased serum
uric acid levels by −65 to −67 μmol/L (approximately 20%; P = 0.003), consistent with the
established uricosuria seen with high-dose salicylate. Anion gap did not change. Thirty-five
patients had in-clinic post-dosing visits, 6 in the placebo group and 11, 10, and 8 in the 3.0-
g/d, 3.5-g/d, and 4.0-g/d salsalate groups, respectively. For those evaluated, blood pressure
returned to baseline levels in all patients except 1 in the placebo group and 2 in each
salsalate group, and estimated GFR returned to normal in all patients.

Adverse Events
No serious adverse events were attributable to salsalate. Mild gastrointestinal symptoms
(heartburn, nausea, vomiting, or diarrhea) were more frequent among patients receiving
salsalate (Table 4), although these did not lead to dosage changes. Hematocrit did not
change, and we found no evidence of gastrointestinal bleeding.

Tinnitus, an expected side effect of high-dose salicylates, occurred less frequently than
anticipated. Three patients (11%) in the placebo group and 5 to 6 patients (19% to 22%) in
each salsalate group reported tinnitus. One patient with long-term tinnitus at baseline
withdrew from the study; we reduced the dosage of salsalate for 3 other patients, 2 in the
3.5-g/d group and 1 in the 4.0-g/d group. Exposure rates (proportion of randomly assigned
patients whose study medication was within 0.5 g/d of the dosage assigned) were therefore
lowest (84%) for the 3.5-g/d group and ranged from 92% to 100% for the other groups.
Tinnitus resolved in all patients.
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Discussion
In our trial, designed to evaluate the safety and efficacy of salsalate to lower blood glucose
concentrations in patients with type 2 diabetes, salsalate lowered HbA1c and other measures
of glycemic control (fasting blood glucose and glycated albumin). It lowered circulating
triglyceride concentration and raised adiponectin concentration, which may predict
decreased cardiovascular risk. Although we observed no major signs of increased
cardiovascular risk, the changes in albuminuria and potential trends in low-density
lipoprotein cholesterol and blood pressure warrant further careful assessment.

Our study adds to previous, short-term proof-of-concept findings by providing evidence of
HbA1c level reduction, the gold standard of clinical diabetes response. It also provides
randomized dose comparison data and data on the durability of glycemic response over 3
months.

Several studies (5, 8, 9, 22) have shown that high-dose salicylate inhibits activity of the
transcription factor NF-κB, which regulates the production of multiple inflammatory
mediators. We have found that NF-κB activity is inhibited by salicylate in diabetic models
(5) and circulating patient monocytes (16). Additional mechanisms that may contribute to
the glucose-lowering effects of salicylates include inhibition of cellular kinases (23),
upregulation of the heat shock response (24), and increases in circulating insulin
concentrations (11, 16, 25). Thus, salsalate may decrease glucose concentration in multiple
ways. However, the suggestion that salsalate decreases the glucose concentration only by
increasing the insulin concentration is incorrect (26). Peroxisome proliferator–activated
receptor-γ agonists are also associated with increased adiponectin concentration, but neither
insulin nor a medication that increases insulin concentration, such as sulfonylureas, has
shown the same ability to elevate adiponectin concentration (27) that we observed here and
in our previous salicylate trials (16, 17).

Salsalate has been prescribed for decades to treat joint pain, without serious safety concerns
specific to patients with diabetes. The advantage of salsalate is that it is a prodrug that
comprises 2 esterified salicylate moieties, which renders it insoluble at acidic pH—allowing
it to transit the stomach in suspension and cause less gastric irritation. Salsalate is
subsequently hydrolyzed and is present in the blood as free salicylate. Salsalate and other
nonacetylated salicylates are atypical nonsteroidal anti-inflammatory drugs whose primary
targets are not the cyclooxygenases. This is demonstrated by the minimal effects of salsalate
on circulating prostaglandin or renin concentrations (28). In contrast, the acetyl group of
aspirin (acetylsalicylate) covalently modifies serine residues of COX-1 and COX-2, which
inhibits the rate-limited step in prostaglandin synthesis. Aspirin’s acetylation of COX-1 in
platelets also accounts for its antithrombotic effects, which explains why salsalate does not
alter bleeding times (29). Risk for gastrointestinal bleeding, as assessed by endoscopic and
radiographic study, is lower for salsalate than for other nonsteroidal anti-inflammatory drugs
and similar to placebo (30–32). Gastrointestinal side effects have been reported with
salsalate, but they tend to occur early in therapy in patients with preexisting gastrointestinal
disease (33, 34). Thus, we did not enroll patients with gastric ulcer disease in our study, and
we neither expected nor observed any bleeding complications. Although some anti-
inflammatory drugs are associated with an increased risk for infection, this is not a known
side effect of salsalate, and we saw no indications of it in our study.

Hypoglycemia was the most common side effect we observed. Most cases were mild and did
not require the assistance of others; documented hypoglycemia occurred only in patients
who received sulfonylureas. Although hypoglycemia can be a safety issue, it is also an
important indicator of drug efficacy.
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Signals for renal safety were mixed. Urine albumin concentrations increased with drug
dosage, although this was assessed only once and varies considerably with many conditions,
including exercise, time of day, and dietary salt or protein intake. The small changes in
creatinine level and estimated GFR, seen only in the 3.5-g/d salsalate group, are of unclear
significance because cystatin C concentration, potentially a better marker of renal function
(35), was unchanged. Uric acid levels decreased (36).

Although our trial was not designed to evaluate infrequent side effects or long-term risk, our
findings are consistent with the safety profile of salsalate obtained from clinical experience
in patients with rheumatologic conditions, with and without diabetes. Short-term
administration to overweight persons improves endothelial function (37), a surrogate marker
of vascular health, but it is important to establish cardiovascular safety. Further studies are
needed before widespread clinical use of salsalate as a diabetes treatment can be
recommended.

The salsalate dose range we selected for evaluation in the TINSAL-T2D trial was based on
efficacy and tolerability established in pilot studies in patients with type 2 diabetes, as well
as the therapeutic experience and tolerability of patients with rheumatic pain (16, 33).
Although tinnitus occurred at all dosages at nearly twice the rate as with placebo, we
permitted dosage adjustments, and only 1 patient stopped receiving the drug because of this
established side effect. Gastrointestinal symptoms were more common among patients
receiving salsalate, but this did not limit doses or increase dropouts. Our findings suggest
that tolerability of salsalate in diabetes would be similar to that established in patients with
joint pain.

In conclusion, salsalate was well tolerated in patients with type 2 diabetes and it improved
measures of glycemic control over the 3-month trial. The drug’s long-term safety in this
population, and particularly its effects on renal function, require further investigation.
Because of salsalate’s anti-inflammatory effects, our results suggest that inflammation plays
a role in the pathogenesis of type 2 diabetes and that anti-inflammatory therapy may
therefore be useful for treating diabetes. We are conducting a longer trial involving more
patients with type 2 diabetes to further establish whether a salsalate dosage of 3.5 g/d
provides durable and safe control of blood glucose in this population (ClinicalTrials.gov
registration number: NCT00799643).

Acknowledgments
The authors thank Elizabeth Tatro, Joslin Diabetes Center, for her coordinating role in the trial; Laura Coombs,
American College of Radiology, for assistance with trial design; Drs. Masumi Ai and Ernst J. Schaefer, Tufts
University, for laboratory measurements; and Dr. Joshua Barzilay, for editorial assistance.

Grant Support: By National Institutes of Health grants U01 DK74556 and P50 HL83813, National Institutes of
Health General Clinical Research Center and Clinical and Translational Science Award grants at multiple sites, and
the Tullis-Tulane (Dr. Fonseca) and Helen and Morton Adler (Dr. Shoelson) Chairs. Caraco Pharmaceuticals
(Detroit, Michigan) supplied drug and placebo, Lifescan (Miltipas, California; a division of Johnson & Johnson)
supplied home glucose-monitoring kits, and Mercodia (Uppsala, Sweden) supplied insulin assay kits.

References
1. Ebstein W. Zur therapie des diabetes mellitus, insbesondere uber die anwendeng der salicylauren

natron bei demselben. Berliner Klinische Wochenschrift. 1876; 13:337–40.
2. Williamson RT. On the treatment of glycosuria and diabetes mellitus with sodium salicylate. BMJ.

1901; 1:760–762. [PubMed: 20759517]
3. Shoelson SE, Lee J, Goldfine AB. Inflammation and insulin resistance. J Clin Invest. 2006;

116:1793–801. [PubMed: 16823477]

Goldfine et al. Page 8

Ann Intern Med. Author manuscript; available in PMC 2011 July 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



4. Hotamisligil GS. Inflammation and metabolic disorders. Nature. 2006; 444:860–7. [PubMed:
17167474]

5. Yuan M, Konstantopoulos N, Lee J, Hansen L, Li ZW, Karin M, et al. Reversal of obesity- and diet-
induced insulin resistance with salicylates or targeted disruption of Ikkbeta. Science. 2001;
293:1673–7. [PubMed: 11533494]

6. Cai D, Yuan M, Frantz DF, Melendez PA, Hansen L, Lee J, et al. Local and systemic insulin
resistance resulting from hepatic activation of IKK-β and NF-κB. Nat Med. 2005; 11:183–90.
[PubMed: 15685173]

7. Arkan MC, Hevener AL, Greten FR, Maeda S, Li ZW, Long JM, et al. IKK-β links inflammation to
obesity-induced insulin resistance. Nat Med. 2005; 11:191–8. [PubMed: 15685170]

8. Kopp E, Ghosh S. Inhibition of NF-κ B by sodium salicylate and aspirin. Science. 1994; 265:956–9.
[PubMed: 8052854]

9. Pierce JW, Read MA, Ding H, Luscinskas FW, Collins T. Salicylates inhibit I κ B-α
phosphorylation, endothelial-leukocyte adhesion molecule expression, and neutrophil
transmigration. J Immunol. 1996; 156:3961–9. [PubMed: 8621937]

10. Yin MJ, Yamamoto Y, Gaynor RB. The anti-inflammatory agents aspirin and salicylate inhibit the
activity of I(κ)B kinase-β. Nature. 1998; 396:77–80. [PubMed: 9817203]

11. Hundal RS, Petersen KF, Mayerson AB, Randhawa PS, Inzucchi S, Shoelson SE, et al. Mechanism
by which high-dose aspirin improves glucose metabolism in type 2 diabetes. J Clin Invest. 2002;
109:1321–6. [PubMed: 12021247]

12. Reid J, Macdougall AI, Andrews MM. Aspirin and diabetes mellitus. Br Med J. 1957; 2:1071–4.
[PubMed: 13472052]

13. Gilgore SG. The influence of salicylate on hyperglycemia. Diabetes. 1960; 9:392–3.
14. Chen Y, Zhu J, Lum PY, Yang X, Pinto S, MacNeil DJ, et al. Variations in DNA elucidate

molecular networks that cause disease. Nature. 2008; 452:429–35. [PubMed: 18344982]
15. Loll PJ, Picot D, Garavito RM. The structural basis of aspirin activity inferred from the crystal

structure of inactivated prostaglandin H2 synthase. Nat Struct Biol. 1995; 2:637–43. [PubMed:
7552725]

16. Goldfine AB, Silver R, Aldhahi W, Cai D, Tatro E, Lee J, et al. Use of salsalate to target
inflammation in the treatment of insulin resistance and type 2 diabetes. Clin Transl Sci. 2008;
1:36–43. [PubMed: 19337387]

17. Fleischman A, Shoelson SE, Bernier R, Goldfine AB. Salsalate improves glycemia and
inflammatory parameters in obese young adults. Diabetes Care. 2008; 31:289–94. [PubMed:
17959861]

18. Rosolowsky ET, Ficociello LH, Maselli NJ, Niewczas MA, Binns AL, Roshan B, et al. High-
normal serum uric acid is associated with impaired glomerular filtration rate in nonproteinuric
patients with type 1 diabetes. Clin J Am Soc Nephrol. 2008; 3:706–13. [PubMed: 18272826]

19. Macisaac RJ, Tsalamandris C, Thomas MC, Premaratne E, Panagiotopoulos S, Smith TJ, et al.
Estimating glomerular filtration rate in diabetes: a comparison of cystatin-C- and creatinine-based
methods. Diabetologia. 2006; 49:1686–9. [PubMed: 16752187]

20. Holm S. A simple sequentially rejective multiple test procedure. Scand J Stat. 1979; 6:65–70.
21. Stevens LA, Coresh J, Feldman HI, Greene T, Lash JP, Nelson RG, et al. Evaluation of the

modification of diet in renal disease study equation in a large diverse population. J Am Soc
Nephrol. 2007; 18:2749–57. [PubMed: 17855641]

22. Grilli M, Pizzi M, Memo M, Spano P. Neuroprotection by aspirin and sodium salicylate through
blockade of NF-kappaB activation. Science. 1996; 274:1383–5. [PubMed: 8910280]

23. Frantz B, O’Neill EA. The effect of sodium salicylate and aspirin on NF-kappa B [Letter]. Science.
1995; 270:2017–9. [PubMed: 8533099]

24. Jurivich DA, Sistonen L, Kroes RA, Morimoto RI. Effect of sodium salicylate on the human heat
shock response. Science. 1992; 255:1243–5. [PubMed: 1546322]

25. Fernández-Real JM, López-Bermejo A, Ropero AB, Piquer S, Nadal A, Bassols J, et al. Salicylates
increase insulin secretion in healthy obese subjects. J Clin Endocrinol Metab. 2008; 93:2523–30.
[PubMed: 18460568]

Goldfine et al. Page 9

Ann Intern Med. Author manuscript; available in PMC 2011 July 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



26. Koska J, Ortega E, Bunt JC, Gasser A, Impson J, Hanson RL, et al. The effect of salsalate on
insulin action and glucose tolerance in obese non-diabetic patients: results of a randomised double-
blind placebo-controlled study. Diabetologia. 2009; 52:385–93. [PubMed: 19104769]

27. Wagner JA, Wright EC, Ennis MM, Prince M, Kochan J, Nunez DJ, et al. Utility of adiponectin as
a biomarker predictive of glycemic efficacy is demonstrated by collaborative pooling of data from
clinical trials conducted by multiple sponsors. Clin Pharmacol Ther. 2009; 86:619–25. [PubMed:
19553931]

28. Morris HG, Sherman NA, McQuain C, Goldlust MB, Chang SF, Harrison LI. Effects of salsalate
(nonacetylated salicylate) and aspirin on serum prostaglandins in humans. Ther Drug Monit. 1985;
7:435–8. [PubMed: 3866409]

29. Sweeney JD, Hoernig LA. Hemostatic effects of salsalate in normal subjects and patients with
hemophilia A. Thromb Res. 1991; 61:23–7. [PubMed: 2020937]

30. Edmar D. Effects of salicylates on the gastric mucosa as revealed by roentgen examination and the
gastrocamera. Acta Radiol Diagn (Stockh). 1971; 11:57–64. [PubMed: 4933979]

31. Roth S, Bennett R, Caldron P, Hartman R, Mitchell C, Doucette M, et al. Reduced risk of NSAID
gastropathy (GI mucosal toxicity) with nonacetylated salicylate (salsalate): an endoscopic study.
Semin Arthritis Rheum. 1990; 19:11–9. [PubMed: 2181673]

32. Lanza F, Rack MF, Doucette M, Ekholm B, Goldlust B, Wilson R. An endoscopic comparison of
the gastroduodenal injury seen with salsalate and naproxen. J Rheumatol. 1989; 16:1570–4.
[PubMed: 2625689]

33. April P, Abeles M, Baraf H, Cohen S, Curran N, Doucette M, et al. Does the acetyl group of
aspirin contribute to the antiinflammatory efficacy of salicylic acid in the treatment of rheumatoid
arthritis? Semin Arthritis Rheum. 1990; 19:20–8. [PubMed: 2181674]

34. Souza Lima MA. Ulcers of the small bowel associated with stomach-bypassing salicylates. Arch
Intern Med. 1985; 145:1139. [PubMed: 4004443]

35. Coll E, Botey A, Alvarez L, Poch E, Quintó L, Saurina A, et al. Serum cystatin C as a new marker
for noninvasive estimation of glomerular filtration rate and as a marker for early renal impairment.
Am J Kidney Dis. 2000; 36:29–34. [PubMed: 10873868]

36. Feig DI, Kang DH, Johnson RJ. Uric acid and cardiovascular risk. N Engl J Med. 2008; 359:1811–
21. [PubMed: 18946066]

37. Pierce GL, Lesniewski LA, Lawson BR, Beske SD, Seals DR. Nuclear factor-κ B activation
contributes to vascular endothelial dysfunction via oxidative stress in overweight/obese middle-
aged and older humans. Circulation. 2009; 119:1284–92. [PubMed: 19237660]

Appendix: Contributors
The trial protocol was designed and written by the steering committee: Steven E. Shoelson,
MD, PhD (Chair); Allison B. Goldfine, MD; Vivian Fonseca, MD; Kathleen Jablonski,
PhD; and Myrlene Staten, MD. The local institutional review boards of each participating
center approved the protocol. The study statisticians, Kathleen Jablonski, PhD, and Laura
Pyle, MS, analyzed the trial data. The manuscript was written by Drs. Goldfine and
Shoelson, with contributions by Drs. Fonseca, Jablonski, and Staten and Ms. Pyle. The final
submission was approved by Drs. Goldfine, Fonseca, Jablonski, Staten, and Shoelson and
Ms. Pyle.

TINSAL-T2D clinical site investigators (listed alphabetically):

Joshua Barzilay, Kaiser Permanente, Atlanta, Georgia.

Susan Braithwaite, University of North Carolina, Chapel Hill, North Carolina.

Wayman Wendell Cheatham, MedStar Clinical Research Centers, Washington, DC.

Jill Crandell, Albert Einstein College of Medicine, New York, New York.

Goldfine et al. Page 10

Ann Intern Med. Author manuscript; available in PMC 2011 July 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Paresh Dandona, Kaleida Health/Diabetes Endocrine Center of Western New York, Buffalo,
New York.

Cyrus Desouza, University of Nebraska Medical Center, Omaha, Nebraska.

Daniel Donovan, Columbia University, College of Physicians and Surgeons, New York,
New York.

Vivian Fonseca, Tulane University, New Orleans, Louisiana.

Allison Goldfine, Joslin Diabetes Center, Boston, Massachusetts.

Kenneth Hershon, North Shore Diabetes and Endocrine Associates, New Hyde Park, New
York.

Theodore Mazzone, University of Illinois at Chicago, Chicago, Illinois.

Janet McGill, Washington University School of Medicine, St. Louis, Missouri.

Victor Lawrence Roberts, Orlando Regional Medical Center, Orlando, Florida.

Guillermo Umpierrez, Emory University School of Medicine, Atlanta, Georgia.

Wayne Warren, Chapel Medical Group, New Haven, Connecticut.

Steven Wittlin, University of Rochester Medical School, Rochester, New York.

Kathleen Wyne, University of Texas Southwestern, Dallas, Texas.

Postal addresses of participants other than authors, listed alphabetically:

Joshua Barzilay, MD

Kaiser Permanente

200 Crescent Center Parkway

Tucker, GA 30084

Susan Braithwaite, MD

University of North Carolina

Division of Endocrinology

8027 Burnett-Womack, CB 7172

Chapel Hill, NC 27599

Wayman Wendell Cheatham, MD

MedStar Research Institute

650 Pennsylvania Avenue, Southeast

Washington, DC 20003

Goldfine et al. Page 11

Ann Intern Med. Author manuscript; available in PMC 2011 July 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Jill Crandall, MD

Albert Einstein College of Medicine

1300 Morris Park Avenue

Belfer Building, Room 702

Bronx, NY 10461

Paresh Dandona, MD

Kaleida Health Center

Diabetes Endocrine Center of Western New York

3 Gates Circle

Buffalo, NY 14209

Cyrus Desouza, MD

University of Nebraska Medical Center

Omaha Veterans Affairs Medical Center

4101 Woolworth Avenue

Omaha, NE 68105

Daniel Donovan, MD

Columbia University

College of Physicians and Surgeons

161 Fort Washington Avenue, Suite 212

New York, NY 10032

Kenneth Hershon, MD

North Shore Diabetes and Endocrine Associates

3003 New Hyde Park Road, Suite 201

New Hyde Park, NY 11042

Theodore Mazzone, MD

University of Illinois at Chicago

Department of Medicine

Section of Endocrinology, Diabetes, and Metabolism

1819 West Polk Street, M/C 640

Goldfine et al. Page 12

Ann Intern Med. Author manuscript; available in PMC 2011 July 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Chicago, IL 60612

Janet McGill, MD

Washington University School of Medicine

660 South Euclid Avenue, Campus Box 8127

St. Louis, MO 63110

Victor Lawrence Roberts, MD

Endocrine Clinical Research, Suite 200

1561 West Fairbanks Avenue

Winter Park, FL 32789

Guillermo Umpierrez, MD

Emory University School of Medicine

Department of Medicine

Division of Endocrinology and Metabolism

49 Jesse Hill Jr. Drive

Atlanta, GA 30303

Wayne Warren, MD

Chapel Medical Group

1308 Chapel Street

New Haven, CT 06511

Steve Wittlin, MD

University of Rochester Medical School

Endocrine Division

601 Elmwood Avenue, Room 3-5529

Rochester, NY 14642

Kathleen Wyne, MD, PhD†

University of Texas Southwestern

Department of Endocrinology

5323 Harry Hines Boulevard

Dallas, TX 75390

Goldfine et al. Page 13

Ann Intern Med. Author manuscript; available in PMC 2011 July 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



† Current address:

Methodist Academic Medicine Associates

6550 Fannin Street, Smith Tower 1101

Houston, TX 77030

Goldfine et al. Page 14

Ann Intern Med. Author manuscript; available in PMC 2011 July 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1. Study flow diagram
* Participant who did not receive medication was excluded; participant who withdrew
because of tinnitus was included in analysis.
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Figure 2. Changes in circulating metabolic measures, by study group
All data are provided as unadjusted mean changes. Each data point represents the mean
value for all patients examined. We analyzed 27 patients at baseline in each group. This
decreased to 26 patients in the 4.0-g/d group at 4 weeks; 26 and 25 patients in the 3.5- and
4.0-g/d groups, respectively, at 8 weeks; and 26 patients in the placebo and 3.5-g/d groups
and 25 in the 4.0-g/d group at 14 weeks (Figure 1). We used the Holm procedure to adjust
for multiple comparisons in all cases. FBG = fasting blood glucose; HbA1c = hemoglobin
A1c; HDL = high-density lipoprotein. A. Trends in HbA1c level over time. The F test for the
overall effect of treatment group was significant (P = 0.003) as was each pairwise test
between placebo and salsalate (P = 0.02, 0.02, and 0.001 for the 3.0-g/d, 3.5-g/d, and 4.0-g/d
groups, respectively). B. Trends in FBG concentration over time. To convert results from
mg/dL to mmol/L, multiply by 0.0555. C. Trends in glycated albumin level over time. D.
Trends in adiponectin concentration over time. The F test for each overall effect in panels B,
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C, and D was significant (P < 0.001), as was each pairwise test between placebo and
salsalate (P < 0.001 for all doses). E. Trends in triglyceride concentration over time. The F
test for the overall effect of treatment group was significant (P = 0.005). Each pairwise test
between placebo and salsalate was significant (P = 0.002, 0.02, and 0.03 for the 3.0-g/d, 3.5-
g/d, and 4.0-g/d groups, respectively). To convert results from mg/dL to mmol/L, multiply
by 0.0113. F. Trends in total–HDL cholesterol ratio over time. This ratio did not change (P
= 0.55).
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Table 1

Baseline Characteristics of Study Patients

Characteristic Placebo (n = 27)
Salsalate, 3.0 g/d (n

= 27)
Salsalate, 3.5 g/d (n

= 27)
Salsalate, 4.0 g/d (n

= 27)

Mean age (SD), y 55.9 (8.2) 55.4 (9.4) 56.7 (9.8) 55.0 (10.2)

Women, n (%) 12 (44.4) 13 (48.1) 9 (33.3) 11 (40.7)

Mean weight (SD), kg 99.1 (22.1) 92.9 (22.2) 97.7 (18.8) 102.2 (20.7)

Mean body mass index (SD), kg/m2 34.0 (6.1) 32.3 (6.8) 32.9 (6.5) 35.0 (6.5)

Mean waist circumference (SD), cm 104 (22.7) 103 (15.6) 106 (18.7) 109 (23.0)

Mean time since diabetes diagnosis (SD), y 5.1 (3.7) 6.4 (5.2) 6.9 (6.0) 6.4 (4.4)

Race or ethnicity, n (%)

 White 15 (55.6) 12 (44.4) 14 (51.9) 14 (51.9)

 Black 9 (33.3) 12 (46.2) 10 (37.0) 10 (37.0)

 Other 3 (11.1) 2 (7.4) 3 (11.1) 1 (3.7)

Medical history, n (%)

 Cardiovascular disease* 1 (3.7) 1 (3.7) 1 (3.7) 4 (14.8)

 Hypertension† 20 (74.1) 19 (70.4) 19 (70.4) 18 (66.7)

Physical findings

 Mean systolic blood pressure (SD), mm Hg 125 (14) 125 (13) 124 (13) 128 (12)

 Mean diastolic blood pressure (SD), mm
Hg

76 (8) 79 (7) 77 (10) 76 (9)

 Mean heart rate (SD), beats/min 74 (11) 72 (9) 74 (13) 72 (7.1)

Laboratory values

 Mean hemoglobin A1c level (SD), % 7.8 (0.8) 7.9 (1.1) 7.4 (0.7) 7.6 (0.9)

 Mean fasting glucose concentration (SD)

  mmol/L 8.49 (2.22) 8.55 (2.33) 8.27 (2.16) 7.99 (2.00)

  mg/dL 153 (40) 154 (42) 149 (39) 144 (36)

 Mean glycated albumin level (SD), % 4.4 (0.3) 4.5 (0.2) 4.4 (0.3) 4.4 (0.2)

 Median insulin concentration (IQR)

  pmol/L 87.5 (121.5) 95.8 (73.6) 75.0 (40.3) 102.1 (110.4)

  μU/mL 12.6 (17.5) 13.8 (10.6) 10.8 (5.8) 14.7 (15.9)

 Mean C-peptide concentration (SD)

  nmol/L 1.2 (0.79) 1.0 (0.36) 1.0 (0.5) 1.0 (0.6)

  ng/mL 3.6 (2.4) 2.9 (1.1) 3.0 (1.5) 3.0 (1.8)
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Characteristic Placebo (n = 27)
Salsalate, 3.0 g/d (n

= 27)
Salsalate, 3.5 g/d (n

= 27)
Salsalate, 4.0 g/d (n

= 27)

 Median TSH level (IQR), mU/L 1.6 (0.6) 1.5 (1.5) 1.7 (0.9) 1.5 (0.9)

 Mean total cholesterol level (SD)

  mmol/L 4.7 (1.3) 4.3 (1.3) 4.8 (1.4) 4.4 (0.7)

  mg/dL 180 (49) 164 (50) 186 (54) 170 (27)

 Mean HDL cholesterol level (SD)

  mmol/L 1.2 (0.4) 1.2 (0.3) 1.2 (0.3) 1.2 (0.3)

  mg/dL 48 (14) 46 (12) 46 (11) 45 (12)

 Mean LDL cholesterol level (SD)

  mmol/L 2.8 (1.1) 2.4 (0.8) 3.0 (1.2) 2.6 (0.7)

  mg/dL 109 (44) 92 (32) 117 (46) 101 (25)

 Mean triglyceride concentration (SD)

  mmol/L 2.1 (1.1) 2.1 (2.0) 1.7 (0.9) 1.8 (0.9)

  mg/dL 183 (93) 184 (178) 151 (76) 160 (81)

 Mean total–HDL cholesterol ratio (SD) 3.9 (1.3) 3.7 (1.1) 4.2 (1.5) 4.0 (1.3)

 Median FFA concentration (IQR), mmol/L 0.60 (0.30) 0.60 (0.32) 0.61 (0.29) 0.60 (0.21)

 Mean creatinine level (SD)

  μmol/L 74.26 (17.68) 76.91 (23.87) 80.44 (17.68) 69.84 (14.14)

  mg/dL 0.84 (0.20) 0.87 (0.27) 0.91 (0.20) 0.79 (0.16)

 Mean MDRD eGFR (SD), mL/min per 1.73
m2

98.2 (19.9) 97.5 (24.4) 93.9 (23.8) 108.4 (26.2)

 Mean cystatin C concentration (SD), mg/L 0.79 (0.15) 0.76 (0.12) 0.79 (0.18) 0.78 (0.12)

 Mean CC eGFR (SD), mL/min 27.1 (4.2) 28.2 (4.2) 27.7 (6.3) 26.9 (3.5)

 Mean uric acid level (SD), μmol/L 345 (72) 333 (95) 321 (77) 345 (83)

 Median albumin–creatinine ratio (IQR), μg/
mg Cr

8 (23) 8 (28) 9.5 (9) 10 (25)

 Median ALT concentration (IQR), U/L 22 (13) 23 (21) 22 (11) 23 (18)

 Median AST concentration (IQR), U/L 18 (10) 19 (8) 20 (7) 17 (9)

 Median GGT concentration (IQR), U/L 32 (25) 32 (18) 29 (18) 21 (22)

 Median CRP level (IQR), nmol/L 30.5 (51.4) 27.6 (31.4) 21.9 (20.0) 32.4 (81.9)

 Mean hematocrit (SD), % 40.8 (4.2) 41.8 (3.0) 43.1 (3.9) 41.6 (4.2)

 Mean leukocyte count (SD), ×109 cells/L 6.6 (1.7) 7.3 (2.2) 6.4 (1.7) 6.7 (1.9)

 Mean adiponectin concentration (SD), μg/
mL

5.2 (4.2) 5.0 (4.1) 5.1 (4.9) 6.0 (6.2)
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Characteristic Placebo (n = 27)
Salsalate, 3.0 g/d (n

= 27)
Salsalate, 3.5 g/d (n

= 27)
Salsalate, 4.0 g/d (n

= 27)

Ongoing diabetes therapies, n (%)

 Metformin 22 (81.5) 22 (81.5) 18 (66.7) 23 (85.2)

 Insulin secretagogue 13 (48.1) 10 (37.0) 12 (44.4) 12 (44.4)

 α-Glucosidase inhibitor 0 (0) 0 (0) 0 (0) 0 (0)

 Dipeptidyl peptidase-4 inhibitor 1 (3.7) 1 (3.7) 0 (0) 0 (0)

 ≥2 diabetes drugs 12 (44.4) 10 (37.0) 8 (29.6) 11 (40.7)

 Lifestyle modification only 4 (14.8) 4 (14.8) 5 (18.5) 3 (11.1)

Other relevant drugs, n (%)

 Low-dose aspirin 6 (22) 10 (37) 7 (26) 11 (41)

 ACE inhibitor or ARB 21 (77) 18 (67) 13 (48) 15 (56)

 Other antihypertensive medication‡ 18 (67) 15 (56) 17 (63) 12 (44)

 HMG-CoA reductase inhibitor (statin) 17 (63) 20 (74) 14 (52) 14 (52)

 Other lipid-lowering medication§ 2 (7) 4 (15) 3 (11) 0 (0)

ACE = angiotensin-converting enzyme; ALT = alanine aminotransferase; ARB = angiotensin-receptor blocker; AST = aspartate aminotransferase;
CC eGFR = glomerular filtration rate estimated by using cystatin C level; CRP = C-reactive protein; FFA = free fatty acid; GGT = γ-
glutamyltransferase; HDL = high-density lipoprotein; HMG-CoA = 3-hydroxy-3-methylglutaryl coenzyme A; IQR = interquartile range; LDL =
low-density lipoprotein; MDRD eGFR = glomerular filtration rate estimated by using the Modification of Diet in Renal Disease equation; TSH =
thyroid-stimulating hormone.

*
Defined as coronary heart disease, heart attack, percutaneous transluminal angioplasty, coronary artery bypass surgery, or stroke.

†
Defined as systolic blood pressure >140 mm Hg; diastolic blood pressure >90 mm Hg; or receiving medication, such as diuretics, calcium-channel

blockers, peripheral α-blockers, central α-adrenergic agonists, β-blockers, vasodilators, or reserpine.

‡
Diuretics, calcium-channel blockers, peripheral α-blockers, central α-adrenergic agonists, β-blockers, vasodilators, or reserpine.

§
Bile-acid sequestrants, fibrates, cholesterol absorption inhibitors, niacin, or nicotine acid.
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Table 2

Response Rates for Decreasing HbA1c Level by More Than 0.5%

Treatment Group All Patients, n Patients With >0.5% Decrease in HbA1c Level, n Proportion (95% CI)*

Placebo 26 4 0.15 (0.02–0.30)

Salsalate, 3.0 g/d 27 12 0.44 (0.26–0.63)

Salsalate, 3.5 g/d 26 14 0.54 (0.35–0.73)

Salsalate, 4.0 g/d 25 15 0.60 (0.42–0.78)

HbA1c = hemoglobin A1c.

*
Calculated by using the chi-square test (P = 0.009).
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