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ABSTRACT

Objective: To evaluate the effect of salsalate as an
antiinflammatory agent on insulin resistance and glycemic
control in persons with prediabetes.

Methods: In this double-blind, placebo-controlled
clinical trial, 66 persons who had prediabetes on the
basis of the American Diabetes Association criteria were
enrolled. They were randomly assigned to receive salsalate
(3 g daily) or placebo for 12 weeks. Fasting plasma glucose
(FPG) and insulin, glucose 2 hours after oral administration
of 75 g of glucose, hemoglobin A, , lipid profile, homeo-
stasis model assessment of insulin resistance (HOMA-IR),
and homeostasis model assessment of beta-cell function
were determined before and after treatment.

Results: Salsalate treatment reduced the FPG level
from 5.86 + 0.07 mmol/L to 5.20 = 0.11 mmol/L and
HOMA-IR from 4.2 + 0.9 to 3.8 + 0.3 (P = .01 for both
changes). Homeostasis model assessment of beta-cell func-
tion increased in the salsalate-treatment group from 139.8 +
11.0to 189.4 +24.6 (P = .01). At the end of the study, FPG,
HOMA-IR, and insulin levels were significantly different
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between salsalate and placebo groups (5.20 +0.11 mmol/L
versus 5.53 = 0.10 mmol/L, 3.8 + 0.3 versus 4.4 = 0.9, and
16.1 £ 1.9 wlU/mL versus 18.2 + 2 ulU/mL, respectively;
P<.05 for all). There were no persistent complications after
salsalate therapy.

Conclusion: Treatment with salsalate can reduce insu-
lin resistance and the FPG level in subjects with predia-
betes. Determination of the long-term safety and efficacy
of the use of salsalate necessitates further investigation.
(Endocr Pract. 2012;18:826-833)

Abbreviations:

A1C = hemoglobin A, ; BMI = body mass index; FPG
= fasting plasma glucose; HOMA-B = homeostasis
model assessment of beta-cell function; HOMA-IR =
homeostasis model assessment of insulin resistance;
IFG = impaired fasting glucose; IGT = impaired glu-
cose tolerance; LDL = low-density lipoprotein; NF-«kf3
= nuclear factor-kf3; T2DM = type 2 diabetes mellitus

INTRODUCTION

The number of patients with prediabetes is increasing
worldwide. By the year 2030, the number is expected to
increase to 472 million people (1). Prediabetes is associ-
ated with increased mortality and morbidity. The avail-
able data recommend frequent screening for the diagnosis
and possibly early intervention for prediabetes, including
changes in lifestyle as well as appropriate pharmacologic
treatment if necessary (2).

The progression of prediabetes to type 2 diabetes
mellitus (T2DM) results from multiple defects, including
resistance to actions of insulin to stimulate glucose trans-
port as well as inadequate secretion of insulin for the spe-
cific metabolic state (3).

Mechanisms underlying increased insulin resis-
tance and decreased insulin secretion capacity remain
under intense study. A possible link between inflamma-
tion and insulin resistance (and perhaps insulin secretion)

This material is protected by US copyright law. To purchase commercial reprints of this article, visit www.aace.com/reprints.
For permission to reuse material, please access www.copyright.com or contact the Copyright Clearance Center, Inc. (CCC).

826 ENDOCRINE PRACTICE Vol 18 No. 6 November/December 2012

Copyright © 2012 AACE



Copyright © 2012 AACE

was proposed many years ago (4). Recent data confirm
the importance of subclinical inflammation mediated by
activation of a serine-threonine kinase cascade—the IkB
kinase beta (IKK-p)/nuclear factor-xf3 (NF-xf) path-
way—and secreted cytokines as an important contributor
to altered insulin action (5). This proposal has led to the
investigation of the effects of antiinflammatory agents on
glucose homeostasis in patients with T2DM (6).

Salicylates inhibit the activation of NF-k[3 and thereby
reduce the subacute inflammatory state that is associated
with T2DM (6-8). Previous studies have shown that sal-
salate (a nonacetylated and better tolerated form of salicylic
acid) can lower hemoglobin A, . (A1C) levels and improve
glycemia in T2DM (9-13). Data on the potential effects
of salsalate in reducing insulin resistance and improving
glucose homeostasis in the prediabetic state, however, are
limited.

This study tested the hypothesis that therapy with
salsalate in persons with prediabetes increases their insu-
lin sensitivity, stimulates basal insulin secretion, and thus
improves glucose-insulin homeostasis. The study enrolled
subjects with prediabetes who also had a first-degree rela-
tive with T2DM. Such persons are known to be predisposed
to development of T2DM during the subsequent years (3).

PATIENTS AND METHODS

Study Subjects

This was a double-blind, placebo-controlled clinical
trial. All study participants had a first-degree relative with
T2DM and were recruited from members enrolled in a diabe-
tes prevention project. Participants were 40 to 70 years old,
and all had prediabetes according to the American Diabetes
Association criteria—namely, impaired fasting glucose
(IFG) (fasting plasma glucose [FPG], 5.6 to 6.9 mmol/L)
or impaired glucose tolerance (IGT) (2-hour plasma glu-
cose level of 7.8 to 11.0 mmol/L after oral administration
of a 75-g glucose load) (or both) (14). Patients with T2DM
were excluded. Other exclusion criteria included a history
of renal or hepatic dysfunction, cardiovascular disease, a
malignant lesion, acute gastritis or gastrointestinal bleed-
ing, psychologic disorders, asthma, tinnitus, and central
nervous system disorders. Persons with drug or alcohol
abuse or those with aspirin allergy were also excluded from
the study, as were pregnant women.

From a total of 230 persons evaluated for eligibil-
ity, 110 did not meet the criteria, and the remaining 120
subjects with prediabetes were invited to participate in
the study (see the Consolidated Standards of Reporting
Trials [CONSORT] diagram in Figure 1). After written
informed consent was obtained, an explanatory session
was conducted that was focused on diabetes and predia-
betes, possible effects and side effects of salsalate, and the
project protocol. Sixty-six persons agreed to participate in
the study. Participants were randomly assigned to receive
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salsalate (3 g daily in 2 divided doses, orally administered)
or placebo for 12 weeks. Salsalate was supplied by Caraco
Pharmaceutical Laboratories (Detroit, Michigan), and pla-
cebo was from Alborz Darou Pharmaceutical Company
(Tehran, Iran).

Laboratory Tests and Procedures

At baseline, FPG, 2-hour plasma glucose, A1C, insu-
lin, cholesterol, low-density lipoprotein (LDL) choles-
terol, high-density lipoprotein cholesterol, triglycerides,
and renal and liver function were measured in all enrolled
study subjects. Blood samples were also obtained for these
measurements at the end of the study, except for FPG,
which was measured monthly during the 12-week follow-
up period. Baseline participant characteristics, including
height, weight (measured in light clothing and bare feet
with use of a Seca scale), and body mass index (BMI), cal-
culated as the weight divided by the square of the height
(kg/m?), were measured. Waist circumference was mea-
sured according to a standardized method (15). Blood
pressure was measured twice with the patient in the seated
position after at least 15 minutes of rest, with a 5-minute
interval between the 2 measurements, and with the sphyg-
momanometer being placed at the level of the heart.

Study participants were instructed to ingest an unre-
stricted regular diet (containing more than 150 g of carbo-
hydrate daily) and to avoid heavy physical activity for at
least 3 days before undergoing laboratory tests. After an
overnight fasting period of 10 hours, a standard 75-g oral
glucose tolerance test was performed. Plasma glucose and
blood lipids were measured by an autoanalyzer (Liasys,
Rome, Italy). AIC was measured by a chromatographic-
spectrophotometric method (BioSystems SA, Barcelona,
Spain). LDL cholesterol was calculated by using the
Friedewald formula (16). Insulin was measured by an
immunoradiometric assay method (DiaSource Europe SA,
Nivelles, Belgium). Homeostasis model assessment of insu-
lin resistance (HOMA-IR), an indirect measure of insulin
resistance, was calculated as the product of FPG (mmol/L)
and insulin (WIU/mL) divided by 22.5. Homeostasis model
assessment of beta-cell function (HOMA-B), an indirect
estimate of beta-cell function, was calculated (17) as fast-
ing insulin (WIU/mL) x 20/[FPG (mmol/L) — 3.5].

Statistical Analysis

Statistical analysis was performed by using SPSS soft-
ware version 13 (SPSS, Inc., Chicago, Illinois). Normality
of distribution of the data was assessed with a Kolmogorov-
Smirnov test. Because all the descriptive data had a normal
distribution, they are expressed as means + standard error.
Unpaired (salsalate versus placebo) and paired (before ver-
sus after treatment) Student ¢ tests were used. P values <.05
were considered statistically significant. Analysis of vari-
ance was used to determine whether the changes in plasma
glucose levels were the direct effect of salsalate after
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adjustment for age, BMI, baseline insulin, 2-hour plasma
glucose, and FPG.

The study protocol was approved by the Ethics
Committee of Isfahan University of Medical Sciences,
Isfahan, Iran. The study was registered in the Iranian
Registry of Clinical Trials IRCT138709011465N1).

RESULTS

Baseline characteristics of the study participants with
prediabetes are summarized in Table 1. In this cohort of 66
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persons, 29 had isolated IFG, 15 had IGT alone, and 22 met
both criteria. On average, they had a BMI of approximately
30.3 kg/m?, approximate FPG and 2-hour plasma glucose
levels of 5.9 mmol/L and 7.5 mmol/L, respectively, and
an A1C of 5.3%; there were no significant differences
between those randomized to receive placebo versus sal-
salate treatment.

Placebo Versus Salsalate Group Changes
Fifty-four participants (28 in the placebo group and
26 in the salsalate group) from the original study cohort of

[ Enrollment ]

Assessed for eligibility (n=120)

Excluded (n=54)
Not meeting inclusion criteria (n=32)
Declined to participate (n=17)
Other reasons (n=5)*

Randomized (n=66)

v

T

Allocation } v

Allocated to intervention (n=33) (salsalate)
¢ Received allocated intervention (n=33)
+ Did not receive allocated intervention (n=0)

Allocated to intervention (n=33) (placebo)
+ Received allocated intervention (n=33)
+ Did not receive allocated intervention (n=0)

‘ [

A

Follow-Up ] ¥

J

Lost to follow-up (n= 1) **
Discontinued intervention (n=6) ****

Lost to follow-up (n= 3) **
Discontinued intervention (n=2) ***

Analysis

| l

Analyzed (n=26)

¢ Excluded from analysis (n=0)

Analyzed (n=29)
¢ Excluded from analysis (n=0)

Fig. 1. Consolidated Standards of Reporting Trials (CONSORT) flow diagram, showing disposition of study subjects. *Women who could
not begin the study because of some family problems. **Subjects living outside the city who could not undergo the laboratory tests when
scheduled. ***Subjects with mild gastrointestinal upset who refused to continue the study. ****Two participants who did not tolerate
salsalate because of tinnitus and dizziness, 3 who had macular rash, and 1 who was withdrawn from the study because of severe gastroin-

testinal upset, including nausea, vomiting, and flatulence.
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Table 1
Baseline Characteristics of Study Participants at Enrollment?®
Salsalate Placebo P
Variable (n =33) (n =33) value
Age (y) 47.5+0.8 48.3+0.9 NS
Waist (cm) 955+1.9 90.9 £ 1.6 NS
Body mass index (kg/m?) 30.6 £0.6 29.8 +0.7 NS
Blood pressure (mm Hg)
Systolic 124.5+2.5 121.1 24 NS
Diastolic 80.9+1.9 795+ 1.7 NS
Plasma glucose (mmol/L)
Fasting 5.9 +0.07 5.9+£0.06 NS
2-hour 7.1 £0.22 7.8 £0.25 NS
Insulin (WIU/mL) 189 +1.7 17.6 £1.6 NS
Homeostasis model assessment
Of insulin resistance® 49+0.2 46+0.5 NS
Of beta-cell function® 157.5 £ 10.6 146.6 = 12.1 NS
Hemoglobin A, (%) 5.3+0.13 5.3+0.16 NS
Triglycerides (mmol/L) 1.53 £0.10 1.67 £0.11 NS
Cholesterol (mmol/L)
Total 3.9+0.58 4.2 +0.10 NS
Low-density lipoprotein 2.41 £0.06 2.64 +£0.09 NS
High-density lipoprotein 0.97 £0.02 0.94 +0.03 NS
Abbreviation: NS = no significant difference.
4 Values are means + standard error.
b mmol/L/ulU/mL.
¢ ulU/mL/mmol/L.

66 completed the 12-week protocol. Baseline characteris-
tics of the subjects in the placebo and salsalate groups who
completed the study did not differ significantly from each
other (Table 2) or from the larger group at baseline (shown
in Table 1). There was no significant change in BMI dur-
ing the study. After 12 weeks, FPG levels were 5.20 +0.11
mmol/L and 5.53 + 0.10 mmol/L in the salsalate-treated
subjects in comparison with the placebo-treated subjects,
respectively (P = .04). Insulin levels were less in the sal-
salate group than in the placebo group at the end of the
study (P =.001); HOMA-IR was also lower in the salsalate
group than in the placebo group after 12 weeks of salsalate
treatment (P = .02), as shown in Table 2.

Within-Group Changes, Before Versus
After Salsalate Therapy
Likewise, within groups, the FPG level decreased from
5.86 +£0.07 mmol/L to 5.20 +0.11 mmol/L, and HOMA-IR
decreased from 4.2 + 0.9 to 3.8 + 0.3 after 12 weeks of
treatment with salsalate (P = .01 for both changes). FPG

decreased from 5.80 + 0.07 mmol/L to 5.53 +0.10 mmol/L
(P = .06) in the placebo group; however, comparison of
changes from baseline showed that FPG levels decreased
in the salsalate-treated arm more than in the placebo arm
of the study (P = .03). HOMA-B, an indicator of beta-cell
function, increased in the salsalate-treatment group from
139.8 = 11.0 to 189.4 = 24.6 (P = .01), whereas fasting
insulin levels did not change significantly. There were no
significant changes in any of the foregoing variables in the
placebo group.

The mean FPG levels in the placebo- and salsalate-
treatment groups during the course of the 12-week inter-
vention period are shown in Figure 2. Plasma glucose lev-
els declined significantly by the fourth week of salsalate
therapy and remained significantly lower thereafter. In con-
trast, the slight reduction of plasma glucose concentrations
in the placebo group was not significant. We also compared
the effect of salsalate therapy in participants with IFG and
IGT, separately. Treatment with salsalate decreased FPG
levels in study participants with IFG more than in those
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with IGT, but the difference was not statistically signifi-
cant. Systolic blood pressure decreased after treatment
with salsalate (P = .01) but did not change significantly
in the placebo group. Salsalate treatment did not change
diastolic blood pressure, A1C, 2-hour plasma glucose, total
cholesterol, or triglyceride levels significantly. The LDL
level increased in the salsalate-treated group from 2.38 +
0.09 mmol/L to 2.64 + 0.08 mmol/L (P = .01); the rea-
son for this unexpected change is not apparent. There was
no significant change of LDL concentration in the placebo
group.

We found no significant difference in response to sal-
salate therapy based on age or sex. Treatment with salsalate
appeared to decrease the FPG level independent of fasting
plasma insulin, HOMA-IR, and HOMA-B at baseline.

Safety and Tolerability
Results of liver function tests and serum creatinine did
not change with salsalate therapy. Two study participants
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could not tolerate the salsalate treatment because of tin-
nitus and dizziness and were withdrawn from the study.
Most study subjects in the salsalate group and some in
the placebo group (18 and 6, respectively) had transient
gastrointestinal upset. One person treated with salsalate
developed severe nausea and did not continue the protocol.
Three additional participants in the salsalate-treated group
were withdrawn from the study because of development of
a rash (with one requiring orally administered corticoste-
roid therapy for the macular rash). There were no lasting
complications after salsalate therapy.

DISCUSSION

In the current study, we examined whether treat-
ment with salsalate would have a positive effect on glu-
cose homeostasis in obese persons with prediabetes and
a family history of T2DM in a first-degree relative. Use
of 3 g of salsalate daily for 12 weeks in a double-blind,

Table 2
Variables Before and After the 12 Weeks of Intervention
in Participants Who Completed the Study?®
Salsalate (n = 26) Placebo (n = 28)
P P
Variable Before After value Before After value

Age (y) 48.3+0.7 48.3+0.7 2 50.0+1.3 50.0+1.3 2
Waist (cm) 94.0+1.2 93.9+1.5 3 91.1x1.2 922+ 1.5 2
Body mass index (kg/m?) 30.6 £ 0.6 30.7+0.5 4 29.8+0.5 30.0+£0.7 2
Blood pressure (mm Hg)

Systolic 122.9+2.0 112.7 £3.6 .01 122.7+ 1.8 124.6 +2.6 4

Diastolic 79.6 + 1.4 80.2 + 1.6 .5 815+ 1.5 76.8+1.4 1
Plasma glucose (mmol/L)

Fasting 5.86 +0.07 5.20+0.11P .01 5.80 +£0.07 5.53 +0.10P .06

2-hour 7.90 +0.25 8.53 +0.49 N 7.62 +0.28 8.53 +0.49 2
Insulin (uIU/mL) 165+ 1.8 16.1 +1.9P .1 17.8 1.9 18.2 + 2P 2
Homeostasis model assessment

Of insulin resistance® 42 +0.9 3.8+0.3b .01 45+0.8 4.4 +0.9P N

Of beta-cell function? 139.8 £ 11.0 1894 £24.6 .01 1547+ 144 180.2 +18.9 2
Hemoglobin A, (%) 5.3+0.1 5.1 0.1 .10 5.5+0.1 49+0.1 .16
Triglycerides (mmol/L) 1.57+0.13 1.53 £0.20 T 1.83 £0.21 1.69 +0.11 4
Cholesterol (mmol/L)

Total 3.93 +0.10 4.14 £0.10 .09 432 +0.17 4.09 £0.16 N

Low-density lipoprotein 2.38 +£0.09 2.64 +0.08 .01 2.65+0.13 2.43 +0.14 N

High-density lipoprotein 0.94 +0.03 0.91 £0.02 3 0.97 £ 0.06 0.94 +0.04 3
2 Values are means + standard error.
b P<.05 (between salsalate and placebo groups; comparison at study end).
¢ mmol/L/uIU/mL.
4 WIU/mL/mmol/L.
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placebo-controlled study resulted in an 11% decrease in
FPG level, which was significantly different in comparison
with placebo.

The number of persons with T2DM and the burden
of its complications are projected to increase dramati-
cally worldwide (1). It is highly desirable and necessary
to introduce novel interventions that will help impede the
development of T2DM or at least delay its onset. One such
approach is control of subclinical inflammation that is fre-
quently present in subjects with prediabetes and appears to
have a contributory role in the development of T2DM. The
available data indicate that NF-ik3 has an important role in
inflammation (18-20). After its activation and translocation
into the cell nucleus, NF-xf} stimulates the transcription of
cytokines and inflammatory markers, which lead to insulin
resistance. Indeed, a few studies have documented a reduc-
tion in inflammation, insulin resistance, and FPG levels
in persons with prediabetes (21). In a double-blind study
performed in obese nondiabetic adults, salsalate reduced
FPG by 13% (22). Both in that study and in our current
study, insulin levels were unchanged. Using HOMA-IR as
an indicator of insulin resistance, we found its value sig-
nificantly decreased by 10% in the salsalate-treated group,
a result that is similar to that found in other studies (23).
Not all studies, however, have reported a reduction in
HOMA-IR with use of salsalate therapy (22). In our cur-
rent study, we also noted that beta-cell function, estimated
by HOMA-B, improved in the salsalate-treated group. In a
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previous 12-week study that used salsalate versus placebo
in a group of patients with newly diagnosed T2DM, we
also found an increase in HOMA-B in the salsalate-treated
group (24).

Overall, our findings demonstrate that treatment
of persons who have prediabetes with salsalate reduces
insulin resistance (without a change in body mass) and
improves beta-cell function, both of which likely contrib-
ute to the observed reduction in FPG level and improve-
ment of glucose homeostasis. Furthermore, the decrease in
FPG without a significant change in the 2-hour plasma glu-
cose level in the group treated with salsalate suggests that
the effect of salsalate is more prominent in persons with
IFG. In support of this premise, we found that the reduction
in FPG (statistically not significant) was more prominent
in study participants with IFG in comparison with those
who had IGT. Further evaluation is needed to clarify the
difference between the responses to salsalate among per-
sons with IFG versus those with IGT. The A1C levels did
not change significantly at the end of the study, although
the A1C levels of our study subjects were not very high.
Alternatively, additional treatment time and more patients
may be needed to yield a statistically significant change
in AIC levels. Systolic blood pressure decreased signifi-
cantly with salsalate treatment, consistent with the decre-
ments in insulin resistance and FPG. Systolic blood pres-
sure did not decrease after salsalate therapy in the previous
Targeting Inflammation Using Salsalate in Type 2 Diabetes
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Fig. 2. Mean fasting plasma glucose (FPG) values, stratified by 4-week intervals dur-
ing the study, in the placebo and salsalate groups. *P<.05 for comparison of FPG levels
between salsalate and placebo arms. SEM = standard error of the mean.
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(TINSAL-T2D) study (10). We found that the LDL level
increased after treatment with 3 g of salsalate daily, similar
to the finding in a previous report (10).

Treatment with salsalate in our current study, as well
as in our previous study in patients with newly diagnosed
T2DM (24), was associated with important side effects,
including tinnitus, dizziness, headache, nausea, and rash.
Although these side effects may preclude widespread use
of this particular agent in the treatment of diabetes or the
prevention of progression of prediabetes to T2DM, other
antiinflammatory agents may prove useful. It may be pos-
sible to reduce the development of T2DM by intervening
with lifestyle modifications and pharmacologic therapy
before its onset.

In one meta-analysis, pharmacologic interventions
reduced diabetes by approximately a third (18). In addi-
tion, people with prediabetes are at increased risk for car-
diovascular disease, microalbuminuria, and peripheral
neuropathy (25). Hence, screening for prediabetes and its
treatment constitute an important public health program.

Our current study was limited in sample size and dura-
tion. Moreover, the optimal dose of salsalate to be used in
persons with prediabetes is not yet known.

CONCLUSION

Salsalate treatment of persons with prediabetes
improved measures of glycemic control during a 12-week
trial. Novel interventions based on a better understanding
of the pathophysiologic features of this condition should
prove helpful in achieving reductions in the incidence of
T2DM. Further large and long-term studies are necessary
to ascertain the role of antiinflammatory medications in the
prediabetic state.
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