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Background: Insulin resistance (IR) and inflammation are associated with increased risk of complications in chronic kidney
disease (CKD) patients. However, the relationship between IR and the important proinflammatory interleukin-
1B (IL-1p) is unclear in CKD patients.

Material/Methods: We conducted a cross-sectional study including 79 non-diabetic patients who received hemodialysis after the
exclusion process. Homeostasis model assessment (HOMA-IR) and leptin adiponectin ratio (LAR) were used to
evaluate IR. Inflammation was assessed through C-reactive protein (CRP), interleukin-6 (IL-6), tumor necrosis
factor-o (TNF-ar), and IL-1p evaluation. We tested associations of IR with IL-1f using logistic analysis and lin-
ear regression.

Results: Patients were divided into a HOMA-IR-positive group and a HOMA-IR-negative group. Although there were no
differences between the 2 groups in terms of etiological causes, age, sex, BMI, triglyceride, cholesterol, ferri-
tin, uric acid, and inflammatory indicators such as CRP, we found that IL-6, TNF-o, and IL-1p were significant-
ly increased in the HOMA-IR-positive group compared with the HOMA-IR-negative group. Moreover, IL-1f con-
tributed to HOMA-IR positivity and was positively correlated with LAR after adjusting for possible confounding
factors.

Conclusions: Insulin resistance correlates positively with IL-1p among non-diabetic hemodialysis patients, which suggests
that IL-1p may be involved in the pathogenesis of IR in this setting.
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Background

Globally, both the incidence and prevalence of chronic kidney
disease (CKD) are rising at an alarming speed. Complications
such as cardiovascular disease (CVD) and protein-energy wast-
ing (PEW) are likely to develop in patients with CKD, especially
those with end-stage renal disease (ESRD), which has signifi-
cantly elevated all-cause mortality in the population [1]. Insulin
insensitivity, or insulin resistance (IR), is common in patients
with diabetic nephropathy as well as non-diabetic nephropa-
thy. It is characterized by an inappropriate biological response
of liver and skeletal muscle to insulin secretion, and is report-
edly related to a decline in renal function [2]. Notably, sever-
al clinical consequences of ESRD have been associated with
IR. It not only promotes endothelial dysfunction and increas-
es cardiovascular mortality as a result, but IR also accelerates
protein breakdown in skeletal muscle and consequently leads
to PEW [3,4]. However, the etiology and mechanisms leading
to IR are complex and involve many factors, including seden-
tary lifestyle, vitamin D deficiency, hyperactivity of the renin-
angiotensin-aldosterone system (RAAS), and metabolic acido-
sis [5-7]. Thus, further study of IR is required in order to find
therapeutic targets and improve outcomes in ESRD patients.

Inflammatory responses are induced by both infection and tis-
sue damage to restore homeostasis, while excessive inflam-
mation may aggravate tissue damage. It has been suggested
that inflammation plays a key role in progression of CKD. It
has also been demonstrated in hemodialysis patients that IR
is positively correlated with serum levels of proinflammatory
cytokines such as C-reactive protein (CRP), interleukin-6 (IL-6),
and tumor necrosis factor-o. (TNF-0) [8,9]. Recently, there has
been considerable interest in the inflammasome, which recog-
nizes both intracellular and extracellular danger signals. One
of the most-studied inflammasomes is the nucleotide-binding
domain and leucine-rich repeat containing PYD-3 (NLRP3). The
NLRP3 inflammasome responds to signals by activating cas-
pase-1 and subsequently cleaves pro-IL-1p to generate a ma-
ture, secreted form of the cytokine [10]. Recent studies have
shown that IL-1B is involved in the pathogenesis of CKD and
contributes to cardiovascular disease [11-14], but an associ-
ation between the proinflammatory cytokine IL-1p and IR has
not been reported in CKD patients.

In this study, we aimed to compare the relationship between

insulin resistance and inflammation mediators in non-diabet-
ic hemodialysis patients.

Material and Methods

In this study, 89 non-diabetic patients with ESRD undergoing
hemodialysis in 1 hemodialysis center (Shanghai 9" Peoples
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Hospital, Shanghai Jiaotong University, Shanghai, PR China)
were included in a cross-sectional manner. This study was
approved by the Ethics Committee of Shanghai 9" Peoples
Hospital at Shanghai Jiaotong University and all the patients
provided written informed consent. Ten patients were exclud-
ed due to autoimmune and inflammatory diseases, heart fail-
ure, cancer, chronic liver disease, or acute infection. Other ex-
clusion criteria were hemodialysis duration of less than 1 year
and thyroid, parathyroid, and adrenal insufficiencies. All pa-
tients were clinically stable and free of obvious edema. After
exclusion, 42 men and 37 women were enrolled in the study.
Demographic and clinical data such as age, sex, height, body
mass index (BMI), primary renal diagnosis, triglyceride, cho-
lesterol, LDL, HDL, albumin, ferritin, uric acid, hemoglobin,
C-reactive protein (CRP), and IL-6 and TNF-o levels were col-
lected using the latest patient medical records.

Blood samples for insulin, glucose, IL-1B, adiponectin, and leptin
were drawn in the morning after overnight fasting. Insulin was
measured using a human insulin ELISA kit (Multi Sciences,
China). Blood glucose was measured using blood glucose test
strips (Tencent, China). IL-1B was measured using a human
IL-1B ELISA kit (Raybio, Norcross, GA). Adiponectin was mea-
sured using a human adiponectin ELISA kit (Multi Sciences,
China). Leptin was measured using a human leptin ELISA kit
(Multi Sciences, China). IR was assessed using the homeostasis
model assessment of insulin resistance (HOMA-IR) and leptin
adiponectin ratio (LAR) as previously described [15]. HOMA-IR
was calculated using the following formula: HOMA-IR (mg/dl
xpU/ml)=glucose (mg/dl)xinsulin (uU/ml)/405. LAR was calcu-
lated as leptin (pg/ml)/adiponectin (pg/ml). The reference val-
ue for insulin resistance in the general population is HOMA-
IR >2.6 [16].

Statistical analysis

The data are presented as means +standard deviation or me-
dian with interquartile range depending on whether they were
normally distributed or not. Differences between HOMA-IR
(+) and HOMA-IR (-) groups were analyzed using the t test
or Mann-Whitney test, as appropriate. Fisher’s exact test was
used for comparisons of categorical data. Spearman correla-
tion coefficient was applied for the correlation analysis of non-
parametric data.

In logistic analysis of HOMA-IR, odds ratios (OR) and 95% con-
fidence intervals (Cl) were expressed per 0.01 pg/ml increase
in IL-1PB as well as for the IL-1B high group, which was cate-
gorized by IL-1p median, with the low group used as the ref-
erence range. Model 1 was adjusted for age and sex; model
2 was adjusted for model 1 variables, BMI, hypertension, and
cardiovascular disease; and model 3 was adjusted for model
2 variables and laboratory findings (hemoglobin, ferritin, and
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Table 1. Primary disease of the patients.

Primary diseases HOMA-IR (+) HOMA-IR (-)

Hypertensive nephropathy 12 10
 Chronic glomerulonephritis 7 4
Chronic pyelonephritis 3 2
| Obstructive nephropathy - - 1
Polycystic renal disease 3 4
lgAnephropathy - T 2
Etiologyunknown 6 3

HOMA-IR — homeostasis model assessment of insulin resistance.

C-reactive protein). Linear regression analysis of LAR was ad-
justed for the variables of logistic regression analysis and de-
termined the correlations of IL-1B (per 0.01 pg/ml increase)
and LAR. The coefficient B and 95% Cl were calculated.

All statistical analysis was performed utilizing SPSS, Version
20.0 (IBM, New York, USA). Statistical significance was defined
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Results

Basic characteristics

Of the patients who were included in this study, 42 of 79
(53.2%) were male, 37 of 79 (46.8%) were female, and pa-
tients had an average age of 55.72+2.31 years. The average
age for the 43 HOMA-IR-positive patients (24 male, 19 female)
and 36 HOMA-IR-negative patients (18 male, 18 female) was
56.81+2.05 years and 54.64+2.44 years, respectively.

The etiological causes of CKD are shown for study partici-
pants in Table 1. There was no significant difference between
the HOMA-IR-positive and HOMA-IR-negative group in terms
of etiological causes (p>0.05). The characteristics of HOMA-
IR-positive and HOMA-IR-negative patients such as age, sex,
BMI, and average or median levels of triglyceride, cholester-
ol, LDL, HDL, albumin, ferritin, uric acid, hemoglobin, and in-
flammatory markers (CRP, IL-6, TNF-o, and IL-1B) are shown in
Table 2. Although there was no significant difference between
the HOMA-IR-positive group and HOMA-IR-negative group in
regard to age, sex, BMI, triglyceride, cholesterol, ferritin, and

uric acid, we found that inflammatory indicators such as CRP,
IL-6, TNF-0, and IL-1p were significantly increased in the HOMA-
IR-positive group compared with the HOMA-IR-negative group.
The distribution of IL-1f is demonstrated in Figure 1.

as a p value <0.05.

Table 2. Characteristics of participants, stratified by HOMA-IR.

P value

HOMA-IR (+)

Clinical and biochemical values HOMA-IR (-)

Age (years) 56.81+2.05 54.64+2.44 NS
"""" Gender(male)  5581%  (24/43  500% (183 NS
"""" BMI(kg/m) 222081 2292071 NS
"""" Triglceride (mmol) 178 (115253 156 (136279 NS
"""" Cholesterol (mmol/l) 352 (315424) 363 (296423 NS
"""" L (mmol) 205011 2074013 NS
"""" WDL(mmol)  094:005  094£004 NS
"""" Abumin@y)  3731:037 379503 NS
"""" Ferritin (ng/m)  24927(4485,427.32)  23223(61.06,74433 NS
"""" Uricacid umol/) 4930 (4490,5530) 4855 (4140,5440) NS
"""" Hemoglobin (/) 10086261 10339278 NS
"""" CRP(mg) 1036 (5441268 258 (089,430 003%6
"""" -6(pgm) 728 (496981) 327 (261,57 0028
"""" TNFo(pg/m) 1995 (17.90,2210) 1715 (1495,2028) 0047
"""" -1 (pg/m) 080 (069,101 063 (045067) <0001

Mean +SD values presented for variables with normal distribution while median (IQR) values presented for variables with non-
parametric distribution. Values were missing for ferritin (n=1) and CRP (n=2).
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. HOMA-IR and IL-1

; A significant positive correlation was found between HOMA-

= 3 . IR and IL-1P (rho=0.26, p=0.021) as shown in Figure 2A. Using
B multivariate logistic regression analysis, insulin resistance was
E 27 associated with higher IL-1p for each 0.01 pg/ml IL-1f incre-
£ ment in model 3 (OR,1.096; 95%Cl 1.036-1.161; p<0.001; see
% 11 H Table 3). This association became strong after using IL-1B
< * group analysis. The higher IL-1B group contributed to insu-
Y lin resistance compared with the lower group (OR 12.553,
95%Cl 4.185-37.654; OR 13.438, 95%Cl 4.265-42.343; OR

T T 26.096, 95%Cl 4.009-169.871 in models 1,2 and 3, respec-

HOMA-IR (+) HOMA-IR(-) tively; shown in Table 3).

Figure 1. Distribution of IL-18 in HOMA-IR-positive group and
HOMA-IR-negative group. HOMA-IR, homeostasis
model assessment of insulin resistance.

Table 3. Adjusted odds ratio for HOMA-IR-positive by IL-1f in 79 non-diabetic hemodialysis patients.

Model 1a Model 2 b Model 3 ¢

OR(95% CI) p value OR(95% CI) p value OR(95% CI)

Continuous: IL-1f3 each 0.01 pg/ml increase

IL-1B higher group  12.55 (4.19-37.65) <0.001 13.44 (4.27-42.34) <0.001 26.09 (4.01-169.87) <0.001

Cl — confidence interval; OR — odds ratio. * Model 1 adjusted for age and gender; ® Model 2 adjusted for model 1 variables;
BMI — hypertension and cardiovascular disease; ¢ Model 3 adjusted for model 2 variables, hemoglobin, C-reactive protein and ferritin.
* IL-1B higher group and IL-1P lower group are stratified by IL-1 median.

A ¢ B 401
rho=0.26 rho=0.41
5 i I p=0.021 ol . p<0.001
§ .
= < 201
= =1
2 s
0 T T T T T T 1 T T T T T T 1
0 1 2 3 4 5 6 0 1 2 3 4 5 6
IL-1B concentration (pg/ml) IL-1B concentration (pg/ml)

Figure 2. Correlations between insulin resistance and IL-1B. (A) Positive correlation between HOMA-IR and IL-1B; (B) Positive
correlation between LAR and IL-18. HOMA-IR, homeostasis model assessment of insulin resistance; LAR, leptin adiponectin
ratio.
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Table 4. Linear regression analysis of IL-1f3 associated with LAR.
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Crude 3 (95% CI) p Value Adjusted {3 (95% CI) p Value
Model 12 2.15 (0.99, 3.31) <0.001 0.39 (0.18, 0.59) <0.001
Model 2° 1.89 (0.73, 3.05) 0.002 0.34 (0.13, 0.55) 0.002
Model 3¢ 1.85 (0.63, 3.07) 0.003 0.33 (0.11, 0.55) 0.003

LAR - leptin adiponectin ratio; CI — confidence interval. 2 Model 1 adjusted for age and gender; ® Model 2 adjusted for model 1
variables, BMI, hypertension and cardiovascular disease; ¢ Model 3 adjusted for model 2 variables, hemoglobin, C-reactive protein and

ferritin.

LAR and IL-1j3

As shown in Figure 2B, LAR was positively associated with IL-1
(r=0.41, p<0.001). Multiple linear regression analysis was used
to determine the impact of IL-1f on LAR. The result indicated
that after adjusting for confounding factors, IL-1B was positive-
ly correlated with LAR (adjusted B 0.389, 95%Cl 0.178-0.595;
adjusted B 0.341, 95%Cl 0.130-0.548; adjusted B 0.334, 95%Cl
0.114-0.551 in models 1, 2, and 3, respectively; shown in Table 4).

Discussion

This is the first study to evaluate the association between in-
sulin resistance and serum IL-1f in ESRD patients receiving he-
modialysis. We demonstrate that non-diabetic patients receiv-
ing hemodialysis who exhibit insulin resistance tend to have
higher levels of proinflammatory cytokines compared with the
patients who are relatively insulin-sensitive. These findings in-
dicate that elevated proinflammatory cytokines such as IL-1P
may contribute to insulin resistance in non-diabetic patients
receiving hemodialysis, which tends to promote the develop-
ment of CKD complications.

Insulin is an important hormone that principally regulates glu-
cose metabolism. Insulin resistance is an early alteration of me-
tabolism in CKD patients. It happens even when the glomer-
ular filtration rate is within the normal range, and becomes
universal in ESRD patients [17]. Insulin resistance plays a key
role in progression and prognosis of CKD and its complications.
Shinohara and co-workers have suggested that IR is an inde-
pendent predictor of cardiovascular mortality in non-diabetic
patients with ESRD receiving maintenance hemodialysis [18].
Karakan et al. showed that IR is an independent risk factor
for left ventricular hypertrophy in ESRD patients receiving he-
modialysis, which is a very common complication in ESRD pa-
tients [19]. Zhou et al. demonstrated that IR is closely associ-
ated with carotid arterial stiffness in non-diabetic hemodialysis
patients [20]. In addition, IR is also linked to PEW and malnu-
trition in ESRD patients [21,22]. Therefore, more research on
IR in ESRD patients is required.

Many methods have been applied to quantify insulin resis-
tance. HOMA-IR is a widely-used statical test to estimate IR
from fasting glucose and insulin concentration. However, due
to the raised insulin concentration in CKD patients as a result
of impaired renal clearance, statical indices based on fast-
ing insulin concentration are imperfect estimates in CKD pa-
tients [17]. Therefore, we use additional indices such as LAR to
evaluate IR in hemodialysis patients. Leptin and adiponectin,
the 2 major adipokines, are both elevated owing to decreased
renal clearance. Leptin promotes secretion of IL-6 and TNF-o
and increases production and accumulation of reactive oxygen
species, which contributes to insulin resistance [23,24]. On the
other hand, adiponectin improves endothelial function and in-
creases insulin sensitivity [25]. According to recent studies, LAR
correlates of IR measured by the criterion standard hyperin-
sulinemic euglycemic clamp (HEGC) are better than HOMA-IR
in dialysis patients [15,26]. Therefore, it is reasonable that we
use LAR to assess IR in our hemodialysis patients.

Chronic inflammation is an important comorbid condition,
which is associated with clinical outcomes of CKD patients [27].
According to previous reports, inflammation plays a vital role
in development of insulin resistance in hemodialysis patients,
as demonstrated by positive associations between HOMA-IR
and serum levels of inflammatory indicators such as circulating
fibrinogen, CRP, IL-6, and TNF-a. [8,9]. Our study also showed
higher levels of serum CRP, IL-6, and TNF-o. in HOMA-IR-positive
patients, which is consistent with previous reports. Furthermore,
recent studies have linked proinflammatory IL-1f with insulin
resistance [28]. Release of IL-1p often follows the activation
of NLRP3 inflammasome and subsequent cleavage of caspase
1, which is not the case for IL-6 and TNF-c.. Caspase 1 induc-
es inflammation by binding with interleukin-1 receptor type |
(IL-1RI) and activating many other proinflammatory chemokines
and cytokines, including IL-6, IL-8, and CXCL1 [29,30]. After the
generation of inflammation, this key regulator promotes im-
pairment of insulin secretion in 3 cells of the pancreatic islets.
Moreover, IL-1B also induces inflammation in peripheral tis-
sues, which consequently decreases the ability of peripheral
tissues to utilize insulin in response to glucose, and finally re-
sults in the development of IR in peripheral tissues. However,
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few reports have examined the relationship between IR and
IL-1B in CKD patients. We demonstrate for the first time that
IR in non-diabetic ESRD patients receiving hemodialysis cor-
relates positively with the serum IL-1B level. Since IL-1p an-
tagonism has been shown to reduce hyperglycemia and im-
prove both insulin sensitivity and pancreatic islet function in
type 2 diabetes mellitus [31], IL-1B may be a potential thera-
peutic target to improve insulin sensitivity and decrease mor-
bidity and mortality in hemodialysis patients. However, this is
a key cytokine, so any attempt to inhibit this should be con-
sidered very carefully.

Some limitations should be considered in our study. First,
some important causes of IR in hemodialysis patients, such
as vitamin D deficiency and metabolic acidosis, were not in-
cluded in the study. Second, the number of investigated pa-
tients was limited to a small sample size. Third, use of HEGC
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may be necessary to further determine the association be-
tween IR and IL-1f.

Conclusions

Our study demonstrated a positive correlation between insulin
resistance and IL-1p in non-diabetic ESRD patients receiving
hemodialysis, which may shed new light on the pathogenesis
of CKD complications and provide new therapeutic prospects
for ESRD patients. A larger population-based study is neces-
sary to further determine the relationship between insulin re-
sistance and IL-1p.
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