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Purpose: The objective of this study was to examine the association between insulin dose
and high-sensitivity C-reactive protein (hsCRP), nitrotyrosine, and pentraxin 3 in patients with
insulin-treated type 2 diabetes.

Patients and methods: Eighty patients with type 2 diabetes treated with insulin for >6 months
and with stable insulin doses (£10%) within 3 months before inclusion were enrolled in this
study. Medical history, including use of insulin and insulin doses, concomitant diseases and
medication, and anthropometric and routine biochemical parameters were collected for each
patient. hsCRP, nitrotyrosine, and pentraxin 3 were measured in fasting conditions. Comparison
analysis was performed according to the distribution in tertiles of insulin dose/kg of body weight,
and linear regression adjusted for confounding factors was used to examine the associations
between markers of inflammation, oxidative stress, and insulin dose.

Results: In the comparison analysis, no statistically significant difference was found between
hsCRP, nitrotyrosine, and pentraxin 3 levels across tertiles of insulin dose expressed as [U/kg of
body weight (p for trend >0.05 for all comparisons) except a significantly higher hsCRP level
in tertile 3 compared to tertile 1 (3.9£3.6 vs 6.1£3.8 mg/dL, p=0.035). In regression analysis,
after adjustment for age, gender, smoking, body mass index, glycated hemoglobin, C-peptide,
metformin, antiplatelet, and statin use, only hsCRP levels were statistically significant asso-
ciated with insulin dose/kg of body weight (4=0.237, p=0.043).

Conclusion: In this sample of patients with type 2 diabetes treated with insulin for >6 months,
hsCRP was positively associated with insulin doses. No such association was found for pen-
traxin 3, a more specific marker of vascular inflammation, and for nitrotyrosine as a marker of
oxidative stress.

Keywords: inflammation, oxidative stress, insulin therapy, biomarkers

Introduction

Type 2 diabetes is characterized by a progressive loss of beta-cell function during the
course of the disease, and insulin therapy is recommended when non-insulin strategies
fail to maintain blood glucose control.'

In vitro studies demonstrate that insulin exerts anti-inflammatory, anti-oxidant,
anti-apoptotic, and anti-thrombotic effects which are confirmed in some, but not all,
studies including patients with insulin-treated type 2 diabetes.* ' A number of retro-
spective cohort or case—control studies found a positive association between insulin
use and increased mortality and cardiovascular disease (CVD) events in patients
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with type 2 diabetes.'" ' In contrast, randomized clinical
trials (RCTs) that included patients with newly diagnosed
type 2 diabetes or with dysglycemia such as United Kingdom
Prospective Diabetes Study or Outcome Reduction with an
Initial Glargine Intervention (ORIGIN) trial did not find
any excess of CVD events in patients in the insulin arms
compared with non-insulin strategies."'> The contradictory
findings of cohort studies and RCTs can be at least partially
explained by numerous other factors such as background
CVD risk, diabetes duration, degree of insulin resistance,
insulin dose, weight gain, and hypoglycemia that may con-
tribute to variable CVD outcomes in patients with insulin-
treated type 2 diabetes.'¢

Several cohort and case—control studies found an associa-
tion between the duration of insulin exposure or increasing
insulin doses and the total and cardiovascular mortality,
major cardiovascular events, and cancer.!"'7!® In a cohort of
adults with type 2 diabetes from a UK database, a gradual
increase in total mortality was found in patients treated with
higher insulin doses when a conventional multivariable
regression analysis was used, but after applying marginal
structural models, no association between insulin dose and
mortality could be demonstrated.! In a recent analysis from
ORIGIN trial, higher insulin doses were not associated with
higher incidence of the composite outcome which included
cardiovascular death, myocardial infarction, and stroke in
the overall insulin-treated arm or in the subset that achieved
normoglycemia.?

To explain the possible relationship between high insulin
doses and negative outcomes, it was hypothesized that in
obese, insulin-resistant patients with type 2 diabetes with
an excessive nutrient supply, the use of high insulin doses
to override insulin resistance may be deleterious.?? The
proposed mechanism is the imbalance between phospho-
inositide 3-kinase/AK T and mitogen-activated protein kinase
(MAPK) insulin signaling pathways with increased signal-
ing through the MAPK pathway, which leads to increased
endothelin-1 production and inflammation, vasoconstriction,
and proliferation of vascular smooth muscle cells in the
endothelium.? 2 Insulin at high dose is also thought to
promote oxidative stress.?* It was thus suggested that insu-
lin may be a “bifaceted” hormone with antiatherogenic or
proatherogenic actions depending on dose used for achieving
blood glucose control.?

To date, very limited clinical data are available on
the relationship between insulin doses and markers of
inflammation and oxidative stress in patients with type 2
diabetes.?%?” The study of the association of exogenous

insulin doses administered in patients with type 2 diabetes, a
pro-inflammatory state, with inflammatory markers is impor-
tant in the context of existing non-insulin therapies. From a
practical point of view, the clarification of the relationship
between inflammatory markers and higher insulin doses
needed to achieve an optimal glucose control may shed light
on the choice among non-insulin therapies and insulin during
the natural history of type 2 diabetes with potential positive
effect on the risk of CVD in this population.

The objective of the study presented here was to examine
the association between insulin dose and high-sensitivity
C-reactive protein (hsCRP), nitrotyrosine, and pentraxin
3 in patients with type 2 diabetes treated with insulin
for >6 months.

Patients and methods
Study design and participants

This was an observational cross-sectional study performed
between July and November 2017 at Diabetes Center, Emer-
gency County Clinical Hospital Cluj-Napoca, Romania (trial
registration ACTRN12616001542482). Consecutive adult
patients with type 2 diabetes presenting for a regular appoint-
ment were invited to participate. Patients were enrolled if they
were treated with insulin alone or in association with other
hypoglycemic agents for at least 6 months and with stable
insulin dose (£10%) within 3 months before study inclusion.
These 3 and 6 months time periods were chosen to limit the
effect on inflammatory markers of glycemic variations during
the titration period and of potential further changes of glycated
hemoglobin (HbA 1¢) if steady-state effect of hypoglycemic
agents used was not achieved. Exclusion criteria included
type 1 diabetes, specific forms of diabetes, gestational dia-
betes, pregnancy and lactation, acute infections (respiratory,
genitourinary, and others), acute episodes within 3 months
prior to study inclusion that based on clinical judgment might
have impaired glycemic control (eg cardiovascular events and
surgical interventions), severe liver or kidney diseases (ala-
nine aminotransferase [ALAT]/aspartate aminotransferase
[ASAT] levels >3 x upper normal limit; estimated glom-
erular filtration rate [eGFR] <30 mL/min/1.73 m?), chronic
inflammatory diseases, cancers with the exception of those
declared cured for more than 5 years before inclusion, use of
anti-inflammatory (except acetylsalicylic acid <300 mg/day)
or immunosuppressive drugs within 3 months before study
inclusion. Eighty patients fulfilling inclusion criteria and
without exclusion criteria were enrolled and included in the
analysis. The study was approved by the Institutional Ethics
Committee of “Iuliu Hatieganu” University of Medicine
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and Pharmacy, Cluj-Napoca, Romania, and was conducted
according to the International Conference on Harmoniza-
tion Good Clinical Practice Guidelines and the Declaration
of Helsinki. All patients provided written informed consent
before any study procedure.

Data collection

Detailed medical history (diabetes duration and therapy,
concomitant diseases, and therapy), age, gender, results of
anthropometrical measurements (weight, height, and waist
circumference) and blood pressure values were collected by
patient interviews, clinical examination, and from medical
files. The presence of chronic complications of diabetes
(diabetic retinopathy and diabetic peripheral neuropathy)
was assessed by eye fundoscopy and foot examination.
Height, weight, and waist circumference were measured
in the morning, in fasting condition, with patients wearing
light clothes and no shoes. Body mass index (BMI) was
calculated as weight (kg)/height® (m). Insulin dose/kg body
weight was calculated as total dose of insulin in the previ-
ous day/weight (kg). Blood pressure was measured in sitting
position after 5 minutes of rest. Hypertension was defined
as a systolic blood pressure of =140 mmHg, a diastolic
blood pressure =90 mmHg, and/or use of antihypertensive
therapy. Dyslipidemia was diagnosed if low-density lipo-
protein (LDL) cholesterol was =100 mg/dL and/or triglyc-
erides =150 mg/dL and/or high-density lipoprotein (HDL)
cholesterol <40 mg/dL in men and <50 mg/dL in women
and/or use of statins or fibrates. Peripheral arterial disease
was considered as present if ankle-brachial index performed
as study procedure was <0.9.

Laboratory assessments

Fasting blood samples were collected for plasma glucose,
HbA ¢, total, LDL, and HDL cholesterol, triglycerides, crea-
tinine, ASAT, ALAT, C-peptide, hsCRP, nitrotyrosine, and
pentraxin 3. Biochemical measurements (plasma glucose,
total, LDL, and HDL cholesterol, triglycerides, creatinine,
ASAT, and ALAT) were performed on the day of collection
by using routine enzymatic methods. HbAlc was determined
by using ion-exchange chromatography. Samples for the
assessment of C-peptide, hsCRP, nitrotyrosine, and pen-
traxin 3 were centrifuged on the same day and frozen until
assessment by commercially available ELISA sandwich
test, according to manufacturers’ instructions (Wuhan Fine
Biological Technology, Wuhan, China for C-peptide; Hycult
Biotech, Plymouth Meeting, PA, USA for hsCRP, nitro-
tyrosine and pentraxin 3). Urinary albumin excretion and

urinary creatinine were assessed in a spot urine sample by
using commercially available immunoturbidimetric methods.
eGFR was calculated by using Chronic Kidney Disease Epi-
demiology Collaboration formula available online at http://
www.gxmd.com/calculate-online/nephrology/ckd-epi-egfr.

Statistical analysis
Sample size calculation was performed with DSS calculator
available at https://www.dssresearch.com. It was calculated

that a sample of 80 patients, with at least 25 patients in each
group of the 3 tertiles of insulin dose/kg of body weight
would be required to detect a difference in the hsCRP levels
among groups of 0.5 mg/dL with a statistical power of 97.1%
and an alpha criterion of significance of 5%.

Statistical analysis was performed by using IBM® SPSS®
Statistics version 20.0 (IBM Corporation, Armonk, NY,
USA). Distribution of all quantitative variables was tested by
using Kolmogorov—Smirnov tests, skewness, and kurtosis.
Data were presented as number (proportions) for qualitative
variables and as mean and standard deviation or median
(quartile 1; quartile 3) for continuous variables, according
to their distribution. Patients were divided in three groups
according to tertiles of insulin dose/kg of body weight and
assessed parameters were compared between these groups by
using Student’s #-test, chi-square test, analysis of variance,
and Kruskal-Wallis tests. The association between inflam-
matory markers (hsCRP, nitrotyrosine, and pentraxin 3)
and insulin dose/kg of body weight was tested by using
unadjusted and adjusted linear regression analyses. Factors
used for the adjustment of linear regression model were
those known to influence inflammatory and oxidative stress
markers (age, gender, smoking, BMI, HbAlc, C-peptide,
metformin, antiplatelet use, and statin use). Because nitro-
tyrosine had a non-Gaussian distribution, it was logarithmi-
cally transformed for the inclusion in the linear regression
analysis as dependent variable. A two-sided p-value =0.05
was considered statistically significant.

Results

Mean age of the study participants was 63.8 years, mean
BMI 32.5 kg/m?, and mean waist circumference 113.7 cm.
Diabetes duration was 12.9 years and mean HbAlc 8.4%);
25.7% had diabetic retinopathy and 63.7% had diabetic
peripheral neuropathy. All were treated with insulin (median
dose/kg body weight 0.7 IU; minimum 0.18 IU/kg body
weight; maximum 2.35 [U/kg of body weight) and 66.3% had
metformin, 5.0% sulfonylurea, and 8.8% incretins associated
with insulin therapy. Hypertension was present in 86.3% of
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the sample, dyslipidemia in 78.8%, and coronary heart dis-
ease (CHD) in 30.0%. As concomitant therapy, 48.8% were
using statins, 20.0% fibrates, 31.3% angiotensin-converting
enzyme inhibitors (ACEls), 21.3% angiotensin-receptor
blockers (ARBs), and 27.5% antiplatelet drugs (Table 1).

Table | Anthropometrical, clinical, and laboratory parameters
of patients enrolled

Parameter evaluated Total
N=80
Women, n (%) 47 (58.8)
Age, years 63.819.0
Weight, kg 88.8+14.6
BMI, kg/m? 32.545.7
Waist circumference, cm 113.7£12.6
Smoking, n (%) 9 (11.3)
Fasting blood glucose, mg/dL 180.0+£83.6
HbAlc, % 8.4+1.6
Total cholesterol, mg/dL 176.5+45.5
HDL cholesterol, mg/dL 46.35+11.1
Triglycerides, mg/dL 179.7£83.6
LDL cholesterol, mg/dL 93.5+36.0
Serum creatinine, mg/dL 0.9+0.3
eGFR, mL/min/1.73 m? 81.3+27.6
Microalbuminuria, mg/L 14.8 (7.1; 48.6)

ASAT, U/L 23.0 (19.5; 29.0)
ALAT, U/L 22.0 (18.0; 33.5)
SBP, mmHg 146.7£19.3
DBP, mmHg 87.2+10.4
Diabetes duration, years 12.9£7.0
Diabetes complications, n (%)
Diabetic retinopathy 22 (27.5)
Diabetic peripheral neuropathy 51 (63.7)
Diabetes therapy, n (%)
Metformin 53 (66.3)
Sulfonylurea 4 (5.0
Incretins 7 (8.8)
Insulin dose/day, 1U 70.0 (40.0; 87.0)
Insulin dose/kg of body weight, IU/kg 0.7 (0.5; 1.0)
Hypertension, n (%) 69 (86.3)
CVD, n (%)
CHD 24 (30.0)
Stroke 6 (7.5)
Peripheral arterial disease 17 (21.3)
Dyslipidemia, n (%) 63 (78.8)
Concomitant therapy, n (%)
Statins 39 (48.8)
Fenofibrate 16 (20.0)
ACEls 25 (31.3)
ARBs 17 (21.3)
Antiplatelets 22 (27.5)

Note: Data in table is presented as mean + SD, median (quartile |; quartile 3) or
number (%).

Abbreviations: BMI, body mass index; HbAlc, glycated hemoglobin; HDL, high-
density lipoprotein; LDL, low-density lipoprotein; eGFR, estimated glomerular
filtration rate; ASAT, aspartate aminotransferase; ALAT, alanine aminotransferase;
SBP, systolic blood pressure; DBP, diastolic blood pressure; CVD, cardiovascular
disease; CHD, coronary heart disease; ACEls, angiotensin-converting enzyme
inhibitors; ARBs, angiotensin receptor blockers; N/n (%), number (percentage) of
patients.

Patients were divided into three groups according to
tertiles of insulin dose/kg of body weight: group 1 — tertile 1
(0.18-0.571U/kg of body weight); group 2 —tertile 2 (0.58—0.89
1U/kg of body weight); group 3 — tertile 3 (0.90-2.35 [U/kg
of body weight). Patients in the 3rd tertile had a significantly
higher insulin dose/day (median 93.0 IU in tertile 3 vs 70.0
IU in tertile 2 and 31.0 [U in tertile 1, p<<0.001). Also, those
in the 3rd tertile of insulin dose/kg of body weight had a sig-
nificantly higher frequency of arterial hypertension (96.3%
vs 88.9% vs 73.1%, p=0.044) and CHD (44.4% vs 37.0%
vs 7.7%, p=0.009) compared with those in the 1st and 2nd
tertiles. No statistical significant differences between tertiles
of insulin dose/kg of body weight were observed for age,
BMI, smoking, diabetes duration, diabetes therapy, frequency
of stroke and peripheral arterial disease, HbAlc, and other
laboratory parameters evaluated. A statistically significant
higher proportion of patients in the 2nd tertile of insulin
dose/kg of body weight were using fibrates as compared
to the other tertiles. The use of statins, ACEIs, ARBs, and
antiplatelet drugs was similar in all tertiles of insulin dose/kg
of body weight (Table 2).

Fasting C-peptide levels ranged between 0.10 and
2.56 ng/mL. Median levels of C-peptide were similar in all
tertiles of insulin dose/kg of body weight. Mean level of
hsCRP was 4.9 mg/dL, increasing from 3.9 mg/L in the 1st
tertile to 4.7 mg/dL in the 2nd tertile and 6.1 mg/dL in the
3rd tertile, with no statistical difference between the groups
(p for trend =0.102). hsCRP was significantly higher in
the 3rd tertile as compared to the values in the 1st tertile
of insulin dose (p=0.035). For nitrotyrosine, although the
levels were higher in the 2nd and the 3rd tertile of insulin
dose as compared to the 1st tertile, the difference was not sta-
tistically significant (p for trend =0.412). Pentraxin 3 levels
were similar in all tertiles of insulin dose/kg of body weight.
No statistically significant difference was observed between
the 1st and 3rd tertiles of insulin dose for nitrotyrosine and
pentraxin 3 levels (Table 3).

Of the inflammatory and oxidative stress parameters
evaluated, in the unadjusted model, only hsCRP was
associated with insulin dose/kg of body weight (=0.242,
p=0.030). After adjustment for age, gender, smoking,
BMI, HbAlc, C-peptide, metformin, antiplatelet, and
statin use, hsCRP levels associated with insulin dose/kg of
body weight remained statistically significant (=0.237,
p=0.043). Nitrotyrosine and pentraxin 3 levels were not
associated with insulin dose/kg of body weight after adjust-
ment for the above-mentioned parameters (p>0.05 for all;
Table 4).
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Table 2 Anthropometrical, clinical, and laboratory parameters of patients enrolled according to tertiles of insulin dose/kg of body

weight
Parameter evaluated Ist tertile 2nd tertile 3rd tertile p for
N=26 N=27 N=27 trend
Women, n (%) 14 (53.8) 12 (44.4) 21 (77.8) 0.037
Age, years 65.048.1 61.6+9.9 64.818.9 0.297
Weight, kg 84.4+14.8 93.4%14.1 88.4+14.0 0.078
BMI, kg/m? 31.4454 32.745.3 33.446.2 0.445
Waist circumference, cm 110.4+11.9 115.9+13.3 114.2+12.3 0.284
Smoking, n (%) 5(19.2) 2 (7.4) 2(7.4) 0.209
Fasting blood glucose, mg/dL 169.0£58.8 171.3167.2 199.2+77.5 0.204
HbAlc, % 8.0+1.5 8.4+1.6 8.9+1.7 0.102
Total cholesterol, mg/dL 179.5+42.0 172.7+49.0 177.6+46.6 0.858
HDL cholesterol, mg/dL 49.7+14.1 45.0+10.5 44.4+7.7 0.173
Triglycerides, mg/dL 163.0+74.8 183.8182.2 191.8+£93.0 0.441
LDL cholesterol, mg/dL 94.8+33.8 90.9+40.4 94.8134.7 0.901
Serum creatinine, mg/dL 0.8+0.2 1.0£0.3 0.9+0.4 0.208
eGFR, mL/min/1.73 m? 86.0+24.0 78.3+26.2 79.7£32.3 0.563
Microalbuminuria, mg/L 10.5 (6.4; 17.1) 44.9 (7.6; 85.6) 17.6 (10.1; 57.4) 0.591
ASAT, U/L 23.0 (19.0; 27.0) 24.0 (21.0; 31.0) 23.0 (19.0; 34.0) 0514
ALAT, U/L 19.5 (17.0; 31.0) 22.0 (19.5; 30.5) 24.5 (18.0; 43.0) 0.053
SBP, mmHg 149.4+18.4 143.4120.3 147.5+19.5 0.525
DBP, mmHg 88.5+10.6 88.3+11.0 84.749.5 0.328
Diabetes duration, years 10.3£5.8 13.7£6.9 14.5+7.8 0.065
Diabetes complications, n (%)
Diabetic retinopathy 4(15.4) 11 (40.7) 7 (25.9) 0.072
Diabetic peripheral neuropathy 14 (53.8) 18 (66.7) 19 (70.4) 0.424
Diabetes therapy, n (%)
Metformin 16 (61.5) 20 (74.1) 17 (63.0) 0.569
Sulfonylurea | (3.8) 2 (7.4) 1 (3.7) 0.780
Incretins 2(7.7) 3(111) 2 (7.4) 0.586
Insulin dose/day, U 31.0 (24.0; 40.0) 70.0 (58.0; 80.0) 93.0 (84.0; 116.0) <0.001
Insulin dose/kg of body weight, IU/kg 0.4 (0.3;0.5) 0.7 (0.6; 0.8) 1.1 (1.0; 1.1) <0.001
Hypertension, n (%) 19 (73.1) 24 (88.9) 26 (96.3) 0.044
CVD, n (%)
CHD 2(7.7) 10 (37.0) 12 (44.4) 0.009
Stroke 2(7.7) 1 (3.7) 3(ILT) 0.586
Peripheral arterial disease 5(19.2) 9 (33.3) 3(11.1) 0.130
Dyslipidemia, n (%) 19 (73.1) 23 (85.2) 21 (77.8) 0.553
Concomitant therapy, n (%)
Statins 9 (34.6) 17 (63.0) 13 (48.1) 0.118
Fenofibrate | (3.8) 8 (29.6) 7 (25.9) 0.041
ACEls 6 (23.1) 8 (29.6) 11 (40.7) 0.373
ARBs 5(19.2) 3(1L1) 9 (33.3) 0.130
Antiplatelets 3(1.5) 10 (37.0) 9(33.3) 0.081

Note: Data in table is presented as mean + SD, median (quartile |; quartile 3) or number (%).

Abbreviations: BMI, body mass index; HbA ¢, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; eGFR, estimated glomerular filtration rate;
ASAT, aspartate aminotransferase; ALAT, alanine aminotransferase; SBP, systolic blood pressure; DBP, diastolic blood pressure; CVD, cardiovascular disease; CHD, coronary
heart disease; ACEls, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; N/n (%), number (percentage) of patients.

Discussion

This study tested the hypothesis that higher insulin doses are
associated with increased inflammation and oxidative stress
in type 2 diabetes patients treated with insulin for >6 months
and in those using stable insulin doses (£10%) during the
last 3 months. In comparison analysis, we did not find
statistically different levels of hsCRP, nitrotyrosine, and

pentraxin 3 across tertiles of insulin dose expressed as
IU/kg of body weight except a significantly higher hsCRP
level in tertile 3 compared to tertile 1. In linear regression
analysis, a statistically significant positive association was
found between insulin dose and hsCRP levels after adjust-
ment for age, gender, smoking, BMI, HbAlc, C-peptide,
metformin, antiplatelet, and statin use. No association was
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Table 3 C-peptide, inflammatory, and oxidative stress markers of patients enrolled according to tertiles of insulin dose/kg of body

weight

Parameter Total Ist tertile 2nd tertile 3rd tertile p for p-value for the

evaluated N=80 N=26 N=27 N=27 trend difference between
Ist and 3rd tertiles

C-peptide, ng/mL 0.3 (0.2;04) 0.2 (0.2; 0.3) 0.3 (0.2;04) 0.3 (0.2; 0.5) 0.332 0.433

hsCRP, mg/dL 4.9+3.8 3.943.6 4.7+3.8 6.1£3.8 0.102 0.035

Nitrotyrosine, nmol/mL 24.3 (20.0; 37.1) 22.9 (20.0; 33.3) 25.7 (21.9; 39.0) 24.8 (18.6; 42.8) 0412 0.551

Pentraxin 3, ng/mL 1.0£0.2 1.0+0.2 1.0+0.3 0.9+0.2 0.475 0313

Note: Data in table is presented as mean + SD or median (quartile |; quartile 3).
Abbreviation: hsCRP, high-sensitivity C-reactive protein.

found between nitrotyrosine and pentraxin 3 levels and
insulin dose.

The role of inflammation and oxidative stress in promot-
ing atherosclerosis is well-recognized in individuals with or
without diabetes.?”?® In patients with type 2 diabetes, both
the processes are under the influence of numerous factors:
chronic hyperglycemia reflected by higher HbAlc levels,
glucose variability, obesity and insulin resistance, renal dis-
ease, or smoking.?*3! Higher levels of C-peptide seem to play
arole in CVD risk in patients with type 2 diabetes indepen-
dently of other known CVD risk factors.?? Drugs commonly
used for concomitant morbidities in type 2 diabetes were
also shown to exhibit anti-inflammatory effects, and this was
proven especially for statins, ACEIs, ARBs, aspirin, and to a
lesser extent for fenofibrate.*3¢ Antihyperglycemic agents,
unless contraindicated, are frequently used in combination
with insulin and potentially modify levels of low-grade
inflammation. The best well-proven effect on inflammation
and oxidative stress is attributed to metformin and pioglita-
zone, but reports on anti-inflammatory effect of the newer
class of incretins are also available.”® In the present study
we did not account for all possible factors mentioned above
that might have interfered in the relationship between markers
of inflammation, oxidative stress and insulin doses. Because

Table 4 Association of inflammatory and oxidative stress
markers with insulin dose units per kilogram of body weight

Parameter evaluated Beta p-value
Unadjusted model
hsCRP 0.242 0.030
IgNitrotyrosine 0.106 0.351
Pentraxin 3 -0.042 0.710
Adjusted model*
hsCRP 0.237 0.043
IgNitrotyrosine 0.090 0.486
Pentraxin 3 —-0.038 0.765

Note: *Model adjusted for age, gender, smoking, body mass index, HbAlc,
C-peptide, metformin, antiplatelet use, statin use.

Abbreviations: HbAlc, glycated hemoglobin; hsCRP, high-sensitivity C-reactive
protein.

of the small sample size, only age, gender, smoking, BMI,
HbAlc, C-peptide, metformin, anti-platelet and statin use
were used for adjustment in the regression analysis.

Many biomarkers can be used to assess low-grade inflam-
mation and oxidative stress. In the present study, hsCRP and
pentraxin 3 were chosen as markers of inflammation and
nitrotyrosine for the assessment of oxidative stress. hsCRP
is an acute-phase reactant and the most extensively studied
systemic inflammatory biomarker in relation to CVD in
observational and interventional studies.* Pentraxin 3 is a
long pentraxin belonging to the same family of pentraxins,
which also includes two short pentraxins — CRP and serum
amyloid P-component. Although CRP is produced primarily
in liver, pentraxin 3 is released locally by vascular endothelial
cells, smooth muscle cells, and macrophages as a response to
vascular injuries and is considered a more specific marker of
vascular inflammation.* Its value as marker of atherosclerotic
risk was demonstrated, among other studies, by the Multi-
Ethnic Study of Atherosclerosis in which pentraxin 3 was
associated with the incident CHD events and other markers
of CV risk and subclinical atherosclerosis independent of
CRP and conventional CVD risk factors.*!

Nitrotyrosine is the result of the nitration of protein tyrosine
residues in the presence of peroxynitrite, which is a potent
oxidant produced by the reaction between superoxide ion and
nitric oxide.*? Nitrotyrosine was used as a marker of oxidative
stress in numerous studies and in various clinical conditions
known to be associated with increased oxidative stress.®

The relationship between insulin and markers of inflam-
mation or oxidative stress was examined in a limited number
of studies and most of them evaluated the changes in meta-
bolic markers following insulin initiation in type 2 diabetes.
In two short-term (2—8 weeks) uncontrolled studies and one
RCT with metformin as comparator, initiation of insulin
treatment was shown to significantly decrease hsCRP, tumor
necrosis factor-alpha, and interleukin (IL)-6 as compared to
baseline and metformin, respectively.®® In other two studies,
one observational and one having a randomized 2x2 factorial
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design with placebo/metformin and open-label glargine, no
effects on hsCRP, leukocyte adhesion molecules, IL-6, and
soluble tumor necrosis factor receptor 2 were seen compared
to baseline or between study groups.®!° In another study which
included 43 insulin-naive patients, oxidative stress evaluated
with urinary 8-iso-prostaglandin F2o was decreased only in
the detemir group and not in the group assigned to three-time
insulin aspart despite a greater improvement in plasma glu-
cose seen in the aspart group. The authors speculated that,
among other explanations, this finding could be attributed
to the different doses of insulin (26.0+£10.7 U/day for aspart
and 13.7+4.9 U/day for detemir).*

Only two other studies that examined the relationship
between inflammation or oxidative stress and insulin doses in
patients with type 2 diabetes were found in the literature.?*?’
In a group of 170 patients with type 2 diabetes of which
64 had a BMI <30.0 kg/m? (non-obese group) and 106 had
a BMI =30.0 kg/m? (obese group), with 23% and 39% using
insulin in non-obese and obese groups, respectively, and who
were followed for 1 year after discharge from an intensive
cardiac risk management clinic, there was a significant
direct association between log CRP and both insulin use
and daily dose for non-obese participants but not for obese
participants.? It should be mentioned that this is a retrospec-
tive analysis of an interventional study aiming to achieve and
maintain strict glycemic, lipid, and blood pressure targets.
At the 1-year follow-up, both the groups had mean HbAlc
levels <7%, no significant weight changes as compared to
baseline, and insulin doses used were small (9 IU/day in
the non-obese and 28 IU/day in the obese group). No data
on duration of diabetes or C-peptide levels were collected;
therefore, the interpretation of the different results in non-
obese and obese patients is challenging.

In the present study, a positive association between hsCRP
and insulin dose in the overall study group was found, and
this association remained significant after multivariate adjust-
ment for several potential confounders, including BMI and
C-peptide. The enrolled participants had a mean BMI similar
to those in the obese group from the abovementioned study,
with a mean diabetes duration of 12.9 years and a median
C-peptide of 0.3 ng/mL showing a significantly diminished
residual beta-cell function. Insulin doses were much larger
(median insulin dose in the overall group was 70.0 U/day)
and mean HbAlc was 8.4%. Therefore, this study group
could be more typical for a type 2 diabetes population with
longer exposure to insulin treatment.

Although hsCRP and pentraxin 3 are both markers of
subclinical inflammation, the lack of association between

pentraxin 3 and insulin doses observed could suggest that
higher insulin doses do not increase the inflammation of the
vascular wall, and this in turn may not be deleterious for
vascular complications of diabetes. To prove this hypothesis,
the measurement of pentraxin 3 in vascular endothelial cells
could be more conclusive, but such a measurement in vivo
would be technically challenging.

In an observational study of 122 persons with type 2
diabetes, the subgroup treated with a combination of metformin
and insulin at a dose of <0.4 IU/kg had the lowest level of 24-h
urinary excretion rates of 8-iso-prostaglandin F20., a marker
of oxidative stress, compared with the subgroups treated
with either metformin and insulin at a dose of =0.4 IU/kg or
oral hypoglycemic agents. Mean insulin doses ranged from
0.2 IU/kg/day in the group with <0.4 IU/kg to 0.47 IU/kg
in basal insulin and 0.8 IU/kg in basal-bolus insulin from the
group with =0.4 Ul/kg.”” In the present study, no association
between insulin doses and nitrotyrosine as marker of oxidative
stress was observed. Mean doses of insulin used in patients
enrolled in this research were higher than those in the study
by Monnier et al,?” in which only patients using a mean insu-
lin dose of 0.2 IU/kg/day had a decreased oxidative stress.
Several limitations of the study should be acknowledged. The
number of patients included is relatively small, which limited
the number of factors for which adjustments were made in the
regression analysis. Second, patients using low insulin doses
were underrepresented as already in the first tertile median
insulin dose was 0.4 IU/kg/day. Also, the cross-sectional
design does not allow establishing causality between insulin
doses, inflammation, and oxidative stress.

Conclusion

In this sample of patients with type 2 diabetes treated with
insulin for >6 months, hsCRP was positively associated
with insulin doses after adjustment for parameters known
to influence the level of inflammatory and oxidative stress
markers. No such association was found for pentraxin 3,
a more specific marker of vascular inflammation, and for
nitrotyrosine as marker of oxidative stress. The relevance
of these findings for the clinical practice remains to be
established. This study adds to the knowledge regarding
the relationship between insulin dose and precursors of ath-
erosclerotic disease, but further studies are needed to fully
characterize this relationship which is of clear interest for
the routine care of patients with diabetes. If the association
between higher exogenous insulin doses and inflammatory
markers is confirmed in larger populations, this may influ-
ence the choice of hypoglycemic agents in patients with
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important insulin resistance in which high insulin doses
are required to achieve an optimal glucose control and may
finally have a positive consequence on cardiovascular risk
of these patients.
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