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Abstract
Background Diabetic ketoacidosis (DKA) is potentially a lethal complication of uncontrolled, especially type 1, diabetes. 
Understanding the mechanisms underlying adipokine involvement in the regulation of glucose metabolism is important to 
prevent complications of hyperglycemia. The role of novel adipokines during DKA in human remains unclear.
Method The method is to determine the changes in the circulating levels of adiponectin, visfatin, and omentin after treating 
DKA in the patients referred to Shohadaye Khalij-e-Fars hospital at the Bushehr University of Medical Sciences. Measur-
ing adipokines (adiponectin, visfatin, and omentin) in 31 patients with DKA who are admitted in Shohadaye Khalij-e-Fars 
hospital at the Bushehr University of Medical Sciences. Adipokines are measured at the time of admission and after recovery 
from DKA, using ELISA method.
Results After recovery from DKA, omentin-1 serum concentration decreased significantly (from 183 to 165), but adiponectin 
and visfatin did not change significantly.
Conclusion Omentin-1 may play a significant role in insulin resistance during the DKA and could be potentially recom-
mended as a marker of recovery in DKA.
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Abbreviations
AMPK  5′AMP activated protein kinase
BMI  Body mass index
DKA  Diabetic ketoacidosis
LADA  Latent autoimmune diabetes in adults
PPAR-α  Peroxisome proliferator-activated receptor-α
SGLT2  Sodium glucose transporter 2

Introduction

Diabetic ketoacidosis (DKA) is a critical condition due to 
absolute insulin deficiency that is usually seen in patients 
with type 1 diabetes. Hyperglycemia, ketosis, and meta-
bolic acidosis are major components of DKA. Hydration, 
insulin infusion and electrolyte, especially potassium, and 
correction are cornerstones of DKA management. Relative 
or absolute lack of insulin action and increase in counter-
regulatory hormones including glucagon, cortisol, catecho-
lamines, and growth hormone are the main reasons for the 
development of hyperglycemia, dehydration, electrolytes 
abnormalities, and acidosis in DKA. Generally, decrease in 
glucose uptake, increase in gluconeogenesis, lipolysis, and 
ketogenesis, and disturbances of water and electrolyte regu-
lation are the major events in DKA [1, 2].

The constellation of insulin production and resistance 
mainly results from the integrated roles of muscle, bone, 
liver, adipose tissue, and pancreatic beta cells. Adipose 
tissue is considered as an endocrine organ, which secretes 
hormones and cytokines. It plays a crucial role in the regu-
lation of glucose/lipid metabolism and immune system [3]. 
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Inflammation [4] and adipocyte complement [5] also partici-
pate in development of DKA and insulin resistance. Animal 
study in rat with DKA showed that the basal prostaglandin 
production was higher in adipose tissue and insulin level 
has negative correlation with prostaglandin production by 
adipose tissue [6].

Adipose tissue secrets several products, adipokines, 
which are playing a crucial role in insulin resistance. Adi-
ponectin is an adipokine that reduces insulin resistance by 
increasing energy consumption and oxidation of fatty acid. 
It not only reduces endogenous glucose production, but also 
decreases lipotoxicity and inflammation associated with 
obesity. Furthermore, it increases insulin secretion, sup-
presses hepatic gluconeogenesis, and stimulates fatty acid 
oxidation. Visfatin and omentin are two other adipokines 
that have negative correlation with insulin resistance and 
contribute to insulin secretion or glucose utilization. Visfatin 
increases insulin secretion in mice, but has uncertain role 
in obesity and insulin resistance in human [7, 8]. Omentin 
mainly increases insulin-mediated glucose uptake [8]. The 
role of adipokines, especially novel adipokines, in DKA has 
not been investigated adequately, except for leptin which 
reduces plasma glucose in type 1 rodent model. In the rat 
model with DKA, leptin can reduce cortisol level, which 
leads to the lower lipolysis, hepatic ketogenesis, and gluco-
neogenesis [9].

Based on the correlation of adipokines with insulin secre-
tion/resistance and the contribution of insulin deficiency/
resistance in the development of DKA, measurement of the 
novel adipokines including adiponectin, visfatin, and omen-
tin before and after treatment of DKA would be an interest-
ing approach in terms of making a progress in our under-
standing of DKA pathophysiology. They could potentially 
be used as markers of recovery from DKA by reflecting the 
degree of insulin resistance and/or production. However, the 
potential therapeutic roles of adipokines in DKA should not 
be underestimated.

Methods

Study participants

The study was a prospective short-term cohort study of 31 
patients (22 women and nine men) with diabetic ketoacidosis 
and history of uncomplicated type 1 diabetes who admitted 
in Shohadaye Khalij-e-Fars hospital between March 2015 
and March 2017. Serum adipokines (adiponectin, visfatin, 
and omentin) were measured at the time of admission and 
after recovery from DKA.

The study protocol was revised and approved by 
the Institutional Review Board (IRB No. is IR.bpums.
REC.1395.150) and Ethic Committee of Research at the 

Bushehr University of Medical Sciences, Bushehr, Iran 
(study registration No. is DB/20/18/7/373842). Study par-
ticipants were recruited through interview by a physician at 
the time of admission at the Shohadaye Khalij-e-Fars hospi-
tal. The study participants received an educational presenta-
tion by a physician regarding the purposes of study, method 
of data collection and accessibility, risks/benefits of blood 
sampling, and the researchers’ information and plans. If the 
patient had unstable condition, such as low blood pressure, 
impaired mental status, etc., then the agreement was made 
with the attendees and the informed consent was provided 
after stabilization. After obtaining informed consent, they 
were officially registered for sampling and study procedures.

Demographic, medical history, social history, medica-
tion history, clinical characteristic data, and precipitating 
causes of DKA were extracted by interview and from medi-
cal records. Patients were admitted in emergency room and 
then monitored at the intensive-care unit and/or medicine 
ward until being recovered from DKA.

Type 1 diabetes was diagnosed by an endocrinolo-
gist at the faculty group practice clinic (Abolfazl clinic) 
or Shohadaye Khalij-e-Fars hospital based on the clinical 
presentation, plasma glucose criteria (American Diabetes 
Association criteria) [10], low serum C-peptide (< 0.6 ng/
ml), measurement of circulating islet-specific autoantibod-
ies, and/or development of DKA. The participants were 
not screened for monogenic diabetes syndromes or cystic 
fibrosis. All patients require insulin, since the time of diag-
nosis and possibility of having latent autoimmune diabetes 
in adults (LADA) was low [11]. We excluded patients who 
developed DKA during the 3 months prior to admission or 
DKA due to medications, such as Sodium Glucose Trans-
porter 2 (SGLT2) inhibitors, antipsychotics, corticosteroids, 
thiazides, sympathomimetic agents, cocaine, alcohol, and/
or cannabis.

All participants had BMI < 29 (mean BMI 26.3). Lack 
of insulin therapy, poor compliance with insulin regimen, 
was the major precipitating factor for DKA. We excluded 
patients with other precipitating factors, including acute 
major illness, gastroenteritis, myocardial infarction, cer-
ebrovascular accident, sepsis, or pancreatitis.

DKA was diagnosed in emergency department, based on 
the standard criteria [2] including blood glucose > 250 mg/
dl, arterial pH < 7.3, bicarbonate < 15 mEq/L, and serum 
anion gap > 10 or positive serum + urine ketones. However, 
the patients were not subdivided on the base of severity of 
DKA. The standard protocol of DKA management is per-
formed [2, 12].

All patients were treated with standard treatment includ-
ing insulin infusion, normal saline hydration, and as needed 
potassium infusion. Insulin infusion was administered by 
an initial bolus infusion of 7–10 units and then continu-
ous infusion sustained until recovery from DKA. If blood 
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glucose dropped to 200–250 mg/dl, then the intravenous 
fluid was changed to dextrose containing solution and the 
rate of insulin was adjusted to keep blood glucose concentra-
tion above 150 mg/dl until recovery from DKA. Recovery 
from DKA was defined according to the available stand-
ard criteria including blood glucose < 200 mg/dl and two 
of the following three conditions: serum bicarbonate level 
≥ 15 mEq/L, arterial pH > 7.3, and a calculated serum anion 
gap ≤ 12 [12]. At the time of recovery, all patients reached 
to the therapeutic goals such as stable clinical condition, 
improvement of circulatory volume status, corrected hyper-
osmolality, recovered electrolyte imbalance, and resolved 
ketosis [2].

Blood collection and assays

Venous blood collection was done at the time of admis-
sion for measuring plasma glucose, electrolytes (sodium 
and potassium), and adipokines (adiponectin, visfatin, and 
omentin). Arterial blood was drawn to measure/calculate 
pH, bicarbonate, PCO2, and PO2. Routine DKA measure-
ments including glucose, electrolytes, and arterial blood gas 
(for pH, bicarbonate, PCO2, and PO2) were done at least 
every 6 h until recovery. Adipokines were measured at the 
Persian Gulf Tropical Medicine Research Center and other 
measurements were done at the Shohadaye Khalij-e-Fars 
hospital laboratory.

The serum concentration of adiponectin, omentin-1, and 
visfatin were measured by commercially available enzyme-
linked immunosorbent assays according to the manufactur-
er’s instructions (adiponectin: Cat. No. AG-45A-0001EK-
KI01; AdipoGen, Incheon, Korea; omentin-1: ELISA kit 
[intelectin-1 (human) ELISA kit, Apotech Corporation, 
Switzerland]; visfatin: Human visfatin ELISA kit (Adipo-
Gen Pharmaceuticals, Belmont, Seoul, Korea).

Statistical analysis

We used SPSS software version 18 (IBM, Armonk, NY) for 
statistical analysis and two-tailed paired t test for the com-
parison of mean values across groups. We applied logarithm 
of adipokines values for statistical analysis. The correlations 
were determined by Pearson correlation analysis. A p value 
of < 0.05 was considered as statistically significant in all 
analyses.

Results

Baseline characteristics of the study population are shown 
in Table 1. Median age was 34.13 ± 20.58 years. In the total 
31 participants, three patients were newly diagnosed T1DM 
that admitted with DKA and 28 patients were known case of 

T1DM. The mean duration of diabetes in known cases was 
7.71 ± 5.69 years. The most common clinical presentations 
include nausea, vomiting, and abdominal pain. Among the 
known cases (28 patients), 21 patients were taking mixed 
(basal/bolus) insulin regimen and 7 patients were using 
metformin in addition to mixed insulin regimen. The serum 
values of electrolytes, pH, bicarbonate, and adipokines (adi-
ponectin, visfatin, and omentin), before and after DKA, are 
shown in Table 2. After recovery from DKA, we observed 
significant decrease in omentin-1 serum levels. However, 
the attained increase in adiponectin and decrease in visfatin 
serum levels were not significant.

We could not find a significant correlation between adipo-
cytokines (adiponectin, omentin-1, and visfatin), serum lev-
els routine DKA blood tests including glucose, electrolytes 
(sodium and potassium), pH, and bicarbonate.

Discussion

The mechanisms responsible for the changes in the level of 
adipokines during the treatment of DKA and their possible 
diagnostic or therapeutic roles are not well investigated. To 
the best of our knowledge, the current study is the first study 
in human that observed the changes in the serum levels of 
adipokines (adiponectin, visfatin, and omentin) before and 
after recovery from DKA. We observed significant increase 
in serum level of omentin-1 after recovery from DKA in 
type 1 diabetes patients.

Omentin-1 is an adipokine, which is mostly expressed in 
visceral adipose tissue and potentiates the effect of insulin 
in glucose uptake and metabolism. Omentin is also present 
in the other tissues, such as lung, heart, intestine, ovary, and 
placenta. It not only participates in the regulation of energy 
metabolism and insulin sensitivity, but also has roles in 
obesity, atherosclerosis, inflammation, and protective roles 
in cardiovascular system and diabetes-related microvascu-
lar complications [3, 13, 14]. Insulin and glucose decrease, 
though fibroblast growth factor-21 and dexamethasone 
increase omentin expression in human adipose tissue [3, 
14]. Omentin-1 serum levels were negatively correlated with 
CRP values in obese children with metabolic syndrome [15], 

Table 1  Baseline characteristics of 31 patients with T1DM who 
admitted to the Shohadaye Khalij-e-Fars hospital with DKA

BMI body mass index, DKA diabetic ketoacidosis

31 subject characteristics

Age (year) 34.13 ± 20.58
Weight (kg) 71.2 ± 22.7
History of DKA No body
No history of DKA 31
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and negatively associated with insulin, IL-6, and HOMA-IR 
in patients with type 2 diabetes [13]. Additionally, during 
the treatment of DKA in dog, a significant drop in the serum 
concentration of inflammatory markers and hormones, such 
as IL-18, resistin, and granulocyte-monocyte colony stimu-
lating factor (GMCSF), has been observed [16]. As a result, 
significant drop in the serum levels of omentin-1 after treat-
ment of DKA in this study can be explained by the effects 
of continuous insulin infusion during the treatment of DKA 
or the reduction in insulin resistance and inflammation after 
recovery from DKA which means less omentin requires 
to potentiate insulin effects. However, we did not measure 
inflammatory markers to be able to explain the correlation of 
the changes in inflammatory markers with omentin-1 levels.

Visfatin was primarily found in peripheral blood lympho-
cytes. It is mainly produced by visceral adipose tissue. Glu-
cocorticoid has positive effect, though TNF-α, IL-6, growth 
hormones, and beta agonists have negative effects on visfatin 
synthesis. Visfatin can also be increased by the effects of 
pro-inflammatory cytokines. The exact biologic function 
of visfatin is not completely understood, but it seems that 
has some effects on potentiating insulin in reducing blood 
glucose level [3, 17]. Based on the effects of pro-inflamma-
tory cytokines on visfatin production, drop in the level of 
visfatin, even not significant, is predictable after recovery 
from DKA. However, it has to be noted that there are some 
differences between omentin and visfatin. Visfatin acts as 
a pro-inflammatory mediator, but omentin is mainly con-
sidered as an anti-inflammatory marker [18]. In addition, 
omentin, but not visfatin, has significantly lower level in 
the patients with obstructive sleep apnea [19]. Then, a sig-
nificant change in omentin level after recovery from DKA 
reflects the anti-inflammatory role and sensitivity of omentin 
for DKA recovery.

Adiponectin is a complement-related protein, which 
is mainly produced by adipose tissue. However, cardio-
myocytes and skeletal muscle can also secrete adiponec-
tin. Adiponectin has negative effects on the atherogenesis 
and insulin resistance. Studies reported its connection to 
obesity, insulin resistance, glucose and lipid metabolism, 

hypertension, atherosclerosis, endothelial dysfunction, 
inflammation, and oxidative stress [7, 20–23].

Adiponectin increases insulin sensitivity through activa-
tion of AMP activated protein kinase (AMPK), activation 
of peroxisome proliferator-activated receptor-α (PPAR-α), 
enhancement of triglyceride catabolism, an increase in fatty 
acid uptake and oxidation, and probably other unknown 
mechanisms. It not only improves insulin signaling, glucose 
and lipid metabolism, but also reduces inflammation and 
oxidative stress [21]. On the other hand, insulin, glucocorti-
coids, and tumor necrosis factor (TNF)-α down-regulate adi-
ponectin expression, which is a completely reversible reac-
tion following withdrawal [24]. As a result, decrease in the 
levels of inflammatory mediators and cortisol may explain 
the increase in adiponectin level after recovery from DKA.

However, lack of serial measurements of the adipokine 
adiponectin, visfatin, and omentin, inflammatory mark-
ers, and cortisol will limit our ability to explain the precise 
mechanisms of the change in adipokine levels during the 
DKA treatment. The potential role of adipokines in reduc-
ing insulin resistance and inflammation may warrant fur-
ther investigation including assessment of diagnostic or even 
therapeutic benefits of these adipokines in type 1 diabetes 
patients.

This study showed a significant change in the level of 
omentin after recovery from DKA, which may introduce 
this novel adipokine as a marker of recovery from DKA. 
Further studies required to explain the role of adipokines 
in DKA, clarify the exact mechanisms of the change in the 
level of omentin or other adipokines during DKA treatment, 
and potential diagnostic or therapeutic role of these novel 
adipokines in type 1 diabetes patients.
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