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EDITORIAL

Dear esteemed readers of TurkJEM Family,

Obesity is one of the greatest public health challenges of the 21 * century. Its prevalence has tripled in many countries of
the WHO European Region since the 1980s. Efforts for obesity mainly focus on policy and environmental strategies to make
healthy eating and active living accessible and affordable for everyone.

“These are unusual times, and unusual times call for unusual actions. A substantial fraction of people with active COVID dis-
ease who are hospitalized with an endocrine-related disease and their endocrine problems will impact their treatment.” —
Raghavendra G. Mirmira, MD.

Obesity is a chronic repeating condition affecting a rapidly increasing number of people globally. Obesity-related condi-
tions seem to worsen the effect of COVID-19; indeed, the Centers for Disease Control and Prevention (CDC) in US reported
that people with heart disease and diabetes are at higher risk of COVID-19 complications. Statistics show that high per-
centage of population who will contract COVID-19 will also have a BMI over 25. Unfortunately lockdown during the first
months of COVID-19 led to;

« Limit their physical activity;
* Have lower access to healthy and fresh foods;
* Have less access to preventive and health promotion services;

Knowing that physical activity contributes to both our physical and mental health, apart from treatment difficulties COVID-
19 contributed to obesity while reducing the chance for cure on obese CCOVID-19 patients. World Health Organization de-
veloped rigorous physical exercise manuals that can be used under quarantine. Obesity, an increasingly common chronic
disease globally, is significantly associated with progression to severe COVID-19 in adults hospitalized with SARS-CoV-2 in-
fection. As COVID-19 may continue to spread worldwide, clinicians should pay close attention to obese patients. Obese
patients should be carefully monitored and managed with prompt and aggressive treatment.

We have an engaging and inspiring set of works this week from our researchers: “T helper 1 cytokines and their relation-
ship with -cell function in type 1 diabetes”, “Effect of vitamin D deficiency on the frequency of lipohypertrophy occurrence
in patients with type 2 Diabetes Mellitus under injectable treatment “,“The screening of comorbid depressive disorders and
associated risk factors in adult patients with type 2 diabetes “,“Association of types of diabetic macular edema with differ-
ent anti-diabetic therapies”, “The effects of low-carbohydrate diet and protein-rich mixed diet on insulin sensitivity, basal
metabolic rate and metabolic parameters in obese patients”, “The effect of falsely highlighted intestinal intraluminal areas
and the fat in paraspinal muscles on abdominal adipose tissue measurements using computed tomography”, “Factors af-
fecting survival in adrenocortical cancers: Single-center experience “, “The relationship between TSH level and stage of dif-
ferentiated thyroid carcinoma *, “Effects of isotretinoin treatment on levels of hormones involved in the etiopathogenesis
of acne “,“Thrombotic microangiopathy after spontaneous pheochromocytoma rupture: a rare MEN 2A case”.

Wish you all a very healthy, pleasant late summer time and a smooth 2™ expected COVID-19 wave during fall.

With my best regards,

Nilgiin Ba Bal MD
Editor-in-Chief
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Abstract

Objective:  Intype 1 diabetes (T1D), T helper (Th) 1 cells af-

fect  cell functions significantly. This study aims to explore

the association between serum levels of Thl cytokines [in-
terferon-gamma (IFN- ), interleukin (IL)-2 and tumor nec-
rosis factor-alpha (TNF- )] and cell function in T1D.
Material and Methods: The study included 110 patients
with T1D (TIDPs) and 31 healthy controls. The cell functi-
ons in TIDPS were assessed by calculating mixed-meal sti-
mulated C-peptide levels. TLDPs were categorized into three
groups depending on results of this test (1a-lowest, 1b, 1c-
highest). Cytokine levels, IFN- /IL-2, and TNF-  /IL-2 ratios
in TLDPs were compared with that in controls. Correlation
analysis between cytokine levels and diabetes-related para-
meters was then carried out. Results:  IFN- |, TNF- ,IL-2le-
vels, and TNF-  /IL-2 of TLDPs were higher (p=0.02, p=0.01,
p=0.008, and p=0.01, respectively) than that of controls.

The highest IFN-  /IL-2 and TNF-  /IL-2 ratios were observed

in group 1b (p=0.03 and p=0.04, respectively) while the lo-

west IFN- /IL-2 and TNF-  /IL-2 ratios were observed in
group la (p=0.03 and p=0.04, respectively). The TNF- le-
vels were found to be negatively correlated with fasting glu-

cose levels (r 2=-0.003, p=0.031). However, after adjustment

for age and gender, this correlation diminished (r 2=-0.028,
p=0.076). Conclusion: IFN- ,IL-2, and TNF- may exhibit
a triggering role in the pathogenesis of T1D. IFN- /IL-2 and

Ozet

Amag: Tip 1 diyabette (T1D) T helper (Th) 1 hicrelerinin

hiicre fonksiyonuna belirgin etkisi vard @. Bu ¢cal 6 mada, T1D
tan &06olan hastalarda serum Th1l sitokin [interferon-gama

(IFN- ), interlokin (IL)-2 ve tumdr nekrozis faktor-alfa (TNF-

)] seviyeleriile hiicre disfonksiyonu aras ~ @dabirili ki sap-
tanmas Gamagland & Gereg ve Yontemler: Toplam 110 tip 1
diyabetli hasta (T1DH) ve 31 sa |&l 6kontrol gal & maya al &dd
T1DH'lerin hiicre fonksiyonu, kar 8 & ¢ Un testi ile stimile
edilmi  C-peptit diizeyi ile 6lclldi. Hastalar, bu testin sonug-
lar ha gore U¢ gruba ayr ddd(la- en du Uk, 1b,1c- en yik-
sek). Sitokin seviyeleri ve IFN- /IL-2 ile TNF-  /IL-2 oranlar &
kontroller ile kar ~ da t&ddd Sitokin seviyeleri ile diyabet ili -
kili parametreler aras  &da korelasyon analiziyap ~ ddd Bulgu-
lar: T1DH’lerin IFN- , TNF- , IL-2 seviyeleri ve TNF- /NL-2
oran dkontrollerden istatistiksel olarak anlami 0 ekilde yuk-
sekti (s Gas &la, p=0,02, p=0,01, p=0,008, p=0,01). En yik-
sek IFN- /IL-2 ve TNF- /IL-2 oran 0 grup 1b’'de gozlendi
(sdas &la, p=0,03, p=0,04) ve en dii Uk IFN-  /IL-2 ve TNF-

/IL-2 oran &grup la’da goérildiu (s  @as §la, p=0,03, p=0,04).
TNF- seviyesi, a¢l & glukoz seviyesi ile negative korele ola-
rak saptand o(r 2=-0,003, p=0,031). Ancak, ya ve cinsiyete
gore dizeltme yap 8dd dda bu korelasyon gézlenmedi (r 2=-
0,028, p=0,076). Sonug: IFN- | IL-2ve TNF- 'nd T1D pa-
togenezinde daha biylk rolu olabilir. IFN- /IL-2 ve
TNF- /IL-2 oranlar @&  hicre disfonksiyonunun ilerleme-

TNF- /IL-2 ratios possibly have more significant roles in the sindeki rolii de di er sitokinlerden fazla olabilir (Bu ¢al 6 ma-
progression of cell dysfunction than other cytokines (Clini- nd klinik ara  tdma kay @ numaras ONCT02389335).
calTrials.gov number: NCT02389335).
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Introduction

In type 1 diabetes (T1D), pancreatitis de-
stroys  cells. Cytokines of T helper (Th) 1
cell play a prominent role in the inflamma-
tion of the pancreas and impaired beta (
cell function (  1,2). The molecular alterations
that occur in T cells before insulitis are poorly
understood. Also, the mechanism of break-
down of T-cell tolerance in T1D has not been
clarified. It may result from an increase in
effector function and/or loss of regulatory
function. A few studies point to the loss of
regulatory T cell (Treg) number or function,
which can trigger the breakdown in tolerance
in T cells. Hughson A. et al. observed a sta-
ble increase in effector function and a tran-
sient decrease in Treg suppression in type 1

diabetes patients (T1DPs) ( 3). Other mech-

anisms associated with the progression of
this disease include increased levels of in-
flammatory cytokines, increased insulin re-
sistance, and glucotoxicity resulting in
reduced cell function ( 4,5).

Cytokines secreted from Thl cells, exert
pro-inflammatory or anti-inflammatory ef-

fects at the onset of TID (  6). This study

aims to investigate the association between
serum levels of Thl cytokines [interferon-
gamma (IFN- ), interleukin (IL)-2 and

tumor necrosis factor-alpha (TNF- )] and

cell function in T1D.

Material and Methods

The study was conducted at Istanbul
Medeniyet University Goztepe Training and
Research Hospital between 2013 and
2014. Patients were recruited from an
endocrinology clinic.

Subjects

The study involved 110 T1DPs and 31
healthy subjects (control group; CG). The
ethical committee of Istanbul Medeniyet
University approved the study protocol and
was conducted following the Declaration of
Helsinki (24.01.2013, 30/1). Informed con-
sent was obtained from all the participants
before their inclusion in the study, which
was registered with an approved clinical trial
registry. The clinical trial registration num-
ber of this study is NCT02389335.

The presence of inflammatory diseases, the
disease likely to interfere with glucose me-
tabolism, malignancies, hemoglobinopathies,

recent trauma or antibiotic treatment, use of
drugs affecting cell function and insulin sen-
sitivity, and the use of drugs with suppressive
effects on inflammation formed the exclusion
criteria for the study. Besides, fasting glucose
intolerance and impaired glucose tolerance
were the exclusion criteria for the CG.

T1D was diagnosed as per the criteria given

by the American Diabetes Association ( 7). All

patients were administered basal-bolus in-
sulin treatment. The cell function of the pa-
tients was evaluated by assessing mixed-
meal stimulated C-peptide levels. T1DPs
were categorized into three groups according
to the C-peptide levels after Mixed-Meal Tol-
erance Test (MMTT)s: patients with unde-
tectable 0.03 nmol/l (0.1 ng/mL) (group
1la, n=35) C-peptide levels; C-peptide levels
between 0.03-0.26 nmol/l (0.1-0.8 ng/mL)
i.e. minimal (group 1b, n=30); and sustained

0.26 nmol/L (0.8 ng/mL) (group 1c, n=45)
(in normal range) C-peptide levels.

Laboratory Procedures

After at least 12 h of fasting and abstinence
from smoking, and having used the long-
acting insulin the previous day and but not
prandial morning insulin, the levels of IFN-
IL-2, and TNF- , venous glucose, C-peptide,
HbAlc were assessed. After fasting samples
were collected, a mixed meal comprising 33
g of carbohydrate, 15 g of protein, and 6 g
of fat (240 kcal totals) was administered in
less than 15 min for MMTT. As per the Dia-
betes Control and Complications Trial proto-
col ( 8), venous glucose and C-peptide levels
were measured at the 90 ™ minute.
Glucose was measured by the hexokinase
method; high-performance liquid chromatog-
raphy (Tosoh G7 and 2.2, Tokyo, Japan) was
used to measure HbAlc level, and direct elec-
trochemiluminescence immunoassay (Im-
mulite 2000, Siemens, Germany) was
employed to measure C-peptide levels. A C-
peptide level 0.03 nmol/L (a common his-
torical limit of detection) was considered as
undetectable ( 9), that between 0.26-2.58
nmol/l as normal range and between 0.033-

0.26 nmol/l as detectable levels ( 10,11).

Limit of blank (LoB) and limit of detection
(LoD) values for C-peptide 0.02 nmol/L and
0.03 nmol/L (0.08 ng/mL), respectively.

To measure serum levels of IFN- , 1I-2, and
TNF- after overnight fasting, antecubital
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venous blood samples were collected in non-
anticoagulated tubes. They were then cen-
trifuged at 2,000*g for 10 min at 4°C and
serum was aliquoted and stored at -80°C for
further use. Serum TNF- and IFN-  levels
were calculated by the ELISA method using
reagents produced by Assaypro LLC (MO,
USA). The intra-assay and inter-assay coef-
ficient of variability (CV) of TNF- was 4.8%
and 7.1%, respectively. The intra-assay and
inter-assay CVs of IFN- was 4.8% and
7.0%, respectively. The minimum detectable
doses of TNF- and IFN-  tests were nearly
0.016 and 0.01 ng/mL, respectively.

Serum IL-2 levels were measured by an
ELISA reagent (eBioscience Inc., CA, USA).
The intra-assay and inter-assay IL-2 were

7.0% and 5.0%, respectively. The mini-
mum detectable dose of the test was 9.1
pg/mL.

Statistical Analysis

Statistical analysis was performed using the
SPSS software version 16. The normality of
variables was tested using visual (his-
togram) and analytic methods (Kolmogorov-
Smirnov/Shapiro-Wilk’s test). Kruskal-Wallis
and Mann-Whitney U tests were used to
compare groups. Pearson’s and Spearman’s
correlations were used for testing the corre-
lation between variables. Bonferroni correc-
tion was employed to analyze multiple
comparisons. A p-value of less than 0.05
was identified as considered significant.

Table 1. Demographic and clinical characteristics between patients and controls.

Patient Group (n=110)

Age (year)

Median 29

Interquartile range 22-36
Gender (Male/Female) 58/52
Duration of diabetes {(month)

Median 44

Interquartile range 18-108
Fasting blood glucose (mg/dL)

Median 175

Interquartile range 122-251
HbAlc (%)

Median 8.4

Interquartile range 7.1-10.1
Fasting C peptide (nmol/L)

Median <0.001

Interquartile range 0.01-0.78
IFN-y (pg/mL)

Median 31.7

Interquartile range 10.3-66.9
IL-2 (pg/mL)

Median 45.2

Interquartile range 41.5-48.4
TNF-a (pg/mL)

Median 90.5

Interquartile range 29.8-101.3
IFN- /IL-2 ratio

Median 0.66

Interquartile range 0.26-1.40
TNF-a/IL-2 ratio

Median 1.93

Interquartile range 0.73-2.11

Control Group (n=31) p
0.13
30
27-38
13/18 0.56
<0.001
86
84-92
<0.001
5.2
5.1-5.4
<0.001
1.35
1.05-1.66
0.02
21.7
10.1-30.8
0.008
41.8
38.8-46.4
0.01
30.0
26.7-90.3
0.05
0.51
0.26-0.64
0.01
0.73
0.69-1.89

HbA1c: Hemoglobin Alc; IFN: Interferon; IL: Interleukin; TNF: Tumor necrosis factor.
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Results
Characteristics of T1DPs and controls have

was found either between stimulated C-pep-

tide levels and IFN-

(r 2=0.022;

p=0.349),

been shownin Table 1 . Serum levels of IFN- IL-2 (r 2=0.005; p=0.667) and TNF-

. IL-2, and TNF- were higher ( p=0.02, (r?=0.001; p=0.286) levels nor between
p=0.008, and p=0.01, respectively) in stimulated C-peptide levels and IFN- /IL-2
T1DPs than in controls. No difference was (rz:0-023i p=0.178) ~and TNF-  /IL-2
observed between IFN-  /IL-2 ratios of (r?=0.001; p=0.217) ratios in T1DPs.

T1DPs and controls ( p=0.05). However,
TNF- /IL-2 ratio of T1DPs was higher than
that of controls (  p=0.01). No correlation

Characteristics of group 1a, group 1b, and
group 1c have been depicted in Table 2. No
difference was found between serum levels

of IFN-

, IL-2, and TNF-

in group 1a, group

Table 2. Comparison of groups 1a, 1b, 1c in terms of demographic and biochemical characteristics.

Group la (n=35) Group 1b (n=30) Group 1c (n=45) p

Age (year) 0.19
Median 31 28 28
Interquartile range 24-38 22-33 21-38

Gender (Male/Female) 15/20 17/13 26/19 0.53

Duration of diabetes {(month) <0.001
Median 96 35 24
Interquartile range 65-159 12-92 7-60

Fasting blood glucose (mg/dL) 0.07
Median 182 207 154
Interquartile range 118-293 144-282 122-216

HbAlc (%) 0.72
Median 8.0 8.6 8.3
Interquartile range 7.2-9.1 7.5-10.1 6.6-10.7

Fasting C peptide (nmol/L) <0.001
Median 0.01 0.23 0.86
Interquartile range 0.01-0.01 0.15-0.26 0.48-1.26

IFN-y (pg/mL) 0.06
Median 27.5 45.1 31.4
Interquartile range 10.1-46.6 27.4-128.4 10.1-54.7

IL-2 (pg/mL) 0.35
Median 44.0 46.1 44.6
Interquartile range 40.9-47.4 42.3-49.0 41.2-48.7

TNF-a (pg/mL) 0.05
Median 33.2 95.8 89.6
Interquartile range 28.1-95.8 88.5-108.5 30.5-100.6

Age at diagnosis 0.12
Median 19 23 25
Interquartile range 16-29 15-29 19-31

90%-minute C peptide (nmol/L) <0.001
Median 0.01 0.64 2.26
Interquartile range 0.01-0.01 0.27-0.71 1.69-4.14

IFN-  /IL-2 ratio 0.03
Median 0.57 0.93 0.63
Interquartile range 0.25-0.99 0.57-2.65 0.25-1.12

TNF-a/IL-2 ratio 0.04
Median 0.83 2.01 1.94
Interquartile range 0.67-1.99 1.89-2.21 0.75-2.06

HbAlc: Hemoglobin Alc; IFN: Interferon; IL:

Interleukin; TNF: Tumor necrosis factor.
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1b,and group 1c( p>0.05, p>0.05, p>0.05,
respectively). However, group 1b expressed

the highest IFN-  /IL-2 and TNF-  /IL-2 ratio
(p=0.03, p=0.04, respectively) while group

la presented the lowest IFN- /IL-2 and
TNF- /IL-2 ratio ( p=0.03, p=0.04, respec-
tively) among T1DPs.

The TNF- level was found to be negatively
correlated with fasting glucose level
(r?=-0.003, p=0.031). However, this corre-

lation diminished (r 2?=-0.028,
after adjustment for age and gender.
IFN- level was negatively correlated with
the duration of diabetes (r 2=-0.021,
p=0.007) and age at diagnosis (r 2=-0.073,
p=0.027). After adjustment for age and
gender, the correlation between IFN-
and age at diagnosis and that between
IFN- and duration of diabetes disappeared

p=0.076)

(r?=-0.003, p=0.453;r 2=-0.062, p=0.283,
respectively).

Discussion

The present study proved that serum levels

of IFN- , IL-2, TNF- , and TNF- /IL-2 ratio

were significantly higher in TIDPs than in
healthy controls. Although IFN- /IL-2 ratio
was lower in CG than in T1DPs, this differ-
ence was insignificant. IFN- /IL-2 and TNF-
/IL-2 ratios were higher in T1DPs with
detectable and normal C-peptide levels than
in T1DPs with undetectable C-peptide levels.
These findings suggest the presence of
higher levels of autoimmune inflammation in
T1DPs with better cell function than in
T1DPs with undetectable C-peptide levels.
Inflammation of cells is the major pathol-
ogy in T1D ( 11). cell apoptosis is stimu-
lated by cytokines such as IL-1 , TNF- ,and
IFN-  (12). In contrast with the previous
studies, the present study found higher IFN-
and TNF- levels, IFN- /IL-2, and TNF-
/IL-2 ratio in T1DPs with better cell
function than in T1DPs with undetectable
cell function. The process of dedifferentia-
tion and/or differentiation of cells may
occur in T1D depending on the level of in-
flammation involved. It is, therefore, possi-
ble that IFN- and TNF- may play
protective roles for cells against the
phagocytosis and/or against the destruction
by natural killers. However, it could also sig-
nify the ongoing inflammatory process in
these patients, and high cytokine levels can

be attributed to increased inflammation in
group 1b. Since only scarce beta cells re-
mained in group 1c, the inflammation is
thought to have diminished over time.

The only Th 1 cytokine found in cells is
IFN- (13). Some studies reported that ab-
lation or blockage of IFN- causes delayed
or decreased incidence of T1D (  14). IFN-
has been found to increase the toxic effects

of macrophages and T lymphocytes on cell
function ( 15-17 ).

Improvement in cell function in T1D is
considered to be a result of insulin sensitiv-

ity and reduced inflammatory/autoimmune
process in islets ( 18). However, Kaas et al.
established that stimulated C-peptide levels

and IFN- levels did not have any link ( 19).
The results of the present study showed no
correlation between stimulated C-peptide
and IFN-  levels, which were consistent with
those of Kaas’s study.

Several studies have suggested the role of

the upregulation of inflammatory factors and

the downregulation of anti-inflammatory
mechanisms (IL-10 and Tregs) in T1D patho-
genesis ( 20). TNF- has been confirmed to
have an accelerator role in the development

of T1D ( 21). Hotamisligil et al. identified that
TNF- downregulates the tyrosine kinase ac-
tivity of the receptor ( 22). TNF-  could in-
duce serine/threonine phosphorylation of the
insulin receptor substrate, hinder normal
phosphorylation of tyrosine, and diminish
signal transduction of insulin, by increasing

the activities of the NF- B transcriptional fac-
tor, protein kinase C, amino-terminal kinase,

and inhibitor kinase. This finally results in in-

sulin resistance, or TNF- may result in the
destruction of pancreatic beta cells and lead

to the development of T1DM ( 23,24).

TNF- interacts with beta cells via different
mechanisms. Li et al. elucidated that Th17
cells may promote the development of T1D,

and TNF- could mediate diabetes in re-
sponse to either Th17 cells or Th1 cells ( 25).
A comprehensive interpretation of the levels

of cytokines that could affect beta cells is
important because studies prove that there

is no single pathway to this.

The proportion of effector T cells was stable

in T1D during pancreatitis; however, IL-2
treatment was determined to reduce IFN-
levels, particularly in the pancreas ( 26).
While TNF- and IFN-  reflect autoimmune
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activity, IL-2 indicates regulatory activity,
which in turn suppresses autoimmunity. The
present study investigated the effect of IFN-

/IL-2 and TNF-
function and found that T1DPs with higher

autoimmune response have better cell

function compared to other T1DPs.

The sources of IFN- include activated T
lymphocytes, natural killer (NK) cells, and
sometimes cells ( 6,27 ), while the sources
of TNF- are monocytes, macrophages,
CD4* and CD8 * T cells, B cells, lymphokine-
activated killer (LAK) cells, NK cells, en-
dothelial cells, non-hematopoietic tumor cell
lines, mast cells, and neutrophils. Neverthe-
less, the only source of IL-2 is Thl cells
(28). T1DPs with better cell function had
higher IFN-  /IL-2 and TNF-  /IL-2 ratios in
the present study; this may reflect the ef-
fect of these cytokine sources in the process

of autoimmune T1D.

This study is the first to explore the effects

of balanced IFN-  /IL-2 and TNF-  /IL-2 on
cell function. One limitation of this study is
that autoantibody levels of TLDPs with high,
moderate, and low cell function could not
be compared as the autoantibody levels of
the patients were measured in different lab-
oratories. However, all TIDPs had high lev-
els of autoantibody against 65-kDa glutamic
acid decarboxylase. Also, this cohort com-
prised only adult patients. A larger cohort
with the inclusion of children may have pre-
sented different results.

Conclusion

IFN- , IL-2, and TNF- may act as a trigger-
ing factor in the pathogenesis of T1D. IFN-

/IL-2 and TNF-  /IL-2 ratio may be more
significant than IFN- , IL-2, and TNF- lev-
els themselves in the progress of cell dys-
function. Yet, it is not clear whether
decreased cell mass and functionin T1D is
the cause or the result of decreased Th1l cy-
tokine levels.
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Abstract

Objective:  Lipohypertrophy (LH) is one of the most com-
mon treatment-related cutaneous complications of injectable
therapies. Although the etiology of LH cannot be clarified, it
may be due to the lipogenic effect of insulin or recurrent tis-
sue trauma caused by injections. In this respect, we aimed
to evaluate the relationship between vitamin D level and LH.
Material and Methods: Patients with Type 2 diabetes mel-
litus aged 18 years or older, who were under insulin and/or
exenatide treatment for at least one year were included in
this study. The injection sites of the patients were examined
by inspection and palpation method. Patients were catego-
rized into two groups according to vitamin D levels as below
and above 20 ng/mL. Results: A total of 140 patients, in-
cluding 91 women and 49 men, aged between 20-78 years
with a mean age of 54.53+13.89 were included in the study.
LH was detected in 91 (65%) of 140 patients. This study de-
monstrated that there was a significant relationship between
gender and LH. Statistically, the frequency of LH was higher
in female patients (p=0.001). Further, a relationship bet-
ween vitamin D levels and LH was also observed (p=0.006).
Conclusion: Besides calcium metabolism, the effects of vi-
tamin D on lipogenesis are also known. Vitamin D inhibits
the differentiation of pre-adipocytes to mature adipocytes.
This is the first study showing the relationship between vi-
tamin D and LH in our knowledge.

Keywords:  Diabetes mellitus; exenatide;
insulin treatment; lipohypertrophy;
vitamin D

Ozet

Amagc: Lipohipertrofi (LH), enjekte edilebilir tedavilerin, te-

daviyle ili &ilienyayg @& kutandz komplikasyonlar  @&dan biri-
dir. LH'nin etiyolojisi tam olarak a¢ &lanamasa da, insulinin
lipojenik etkisinden veya enjeksiyonun neden oldu u tek-
rarlayan doku travmas  &dan kaynakland © 6du ainilmekte-
dir. Bu ba lamda D vitamini ve LH aras  @daki ili &iyi
de erlendirmeyi amaglad &. Gerec ve Yontemler: Enaz1l
y@ boyunca insllin ve/veya eksenatid tedavisi kullanan 18

ya ove Uzeri Tip 2 diabetes mellitus tan ddhastalar cal Gonaya
dahil edildi. Hastalar & enjeksiyon bdlgeleri inspeksiyon ve
palpasyon yontemi ile incelendi. Hastalar, D vitamini sevi-

yelerine gore 20 ng/mL'nin alt dda ve Ustuinde olmak tizere

iki gruba ayr ddd Bulgular:  Yaoortalamas 0654.53+13.89y @
olan 20-78 ya dardaras dda 91'i kad @&, 49'u erkek toplam
140 hasta cal danaya dahil edildi. 140 hastan &, 91
(%65)'inde LH saptand ~ 6 Bu ¢al dona, cinsiyetile LHaras d&da
anlaml obirili d&ioldu unu gostermekteydi. Istatistiksel ola-
rak kad &larda LH s &Id & daha fazla oldu u gorlldi
(p=0.001). D vitamini diizeyleri ile LH aras dda da anlaml &
bir ili &i vard 6(p=0.006). Sonug: Kalsiyum metabolizmas &
Uzerindeki etkilerine ek olarak, D vitamininin lipogenez lize-

rindeki etkileri de bilinmektedir. D vitamini, preadipositlerin

olgun adipositlere farkl  da anas Mdinhibe eder. Bu makale,
bilgimiz dahilinde D vitamini ile LH aras dhdakiili - &iyi goste-
ren ilk cal Gonad &.
Anahtar kelimeler: Diabetes mellitus; eksenatid;
insulin tedavisi; lipohipertrofi;

D vitamini
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Introduction

The occurrence of diabetes mellitus (DM) is
increasing worldwide, and the number of pa-
tients diagnosed with DM is expected to
reach 642 million in 2040 ( 1). Thirty-five
percent of these patients use insulin therapy
(2), causing an increase in the cost of both
treatment and treatment-related complica-
tions. One of the most common cutaneous
complications due to incorrect insulin use is
lipohypertrophy (LH), and daily insulin re-
quirement is higher in patients with LH than

in patients without LH. According to a study

by Blanco et al. the increased requirement
of insulin due to LH in the Spanish health-
care system was estimated to cost € 122
million per year ( 3). Besides the treatment
cost, the frequency of hypoglycemia is six-
times higher, and the glycemic fluctuations
are seven-times higher in patients with LH
(3). Although the etiology of LH has not yet
been clarified, it is thought to be due to the
lipogenic effect of insulin or recurrent tissue
trauma caused by injections ( 4). According
to the examination method and the exam-
iner, in various studies conducted globally,
the frequency of LH was found to be quite
variable, between 1.9% and 77% ( 5). The
most significant cause of LH development
was found to be insufficient rotation be-
tween injection sites ( 3). In addition, the
frequency of injections, the total daily dose

of insulin, and the needle length were also
found to be associated with LH ( 6). Further,
the fact that there is a large difference in the
frequency of LH between these studies and
the presence of LH in other subcutaneous
treatments other than insulin such as pegvi-
somant, long-acting exenatide and anti-
tumor necrosis factor, suggest that this
complication is not related to recurrent
trauma only (7). In this respect, we aimed
to evaluate the relationship between vitamin

D, which is known to play a role in lipogenic
effect, and LH.

Material and Methods

Patients who applied at our outpatient clinic
between May-August 2019 for routine tests,
who had been using insulin and/or exenatide
treatment for at least one year, were in-
cluded in the study. All patients were older
than 18 years. The exclusion criteria were
evidence of dermatitis and cutaneous dis-

ease. The patients were classified according
to the body mass index (BMI) classification
of the World Health Organization, as, 18.5-
24.9 kg/m 2, normal; 25-29.9 kg/m 2, over-
weight; 30-39.9 kg/m 2, obese; and 40
kg/m 2, morbidly obese. The injection sites
of the patients were examined by inspection
and palpation method, and the LH regions
were recorded by the education nurse work-
ing in our clinic. Patient data of HbAlc and
vitamin D levels determined for routine tests
were acquired from the hospital system. Vi-
tamin D analyses were made with liquid
chromatography-mass spectrometry API
3200 (ABSCIEX, USA), while HbAlc was
measured by glycohemoglobin analyzer (G7
HPLC Analyzer, Tosoh Bioscience, USA). Pa-
tients were categorized into two groups ac-
cording to vitamin D levels as below and
above 20 ng/mL. Our study was carried out
after the approval of the Ethics Committee
of Selcuk University Faculty of Medicine
dated 17.04.2019 and numbered 2019/04.
Written informed consent was obtained from
each patient.

All statistical analyses of the study were per-
formed in SPSS (version 21.0 for Windows)
program. The variables were investigated
using visual (histograms and probability
plots) and Kolmogorov-Smirnov test to de-
termine whether or not they are normally
distributed. The categorical variables were
expressed as numbers and percentages,
whereas continuous variables were summa-
rized as mean with standard deviation, me-
dian, and minimum-maximum, wherever
appropriate. While investigating, the associ-
ations between non-normally distributed
variables and their significance were calcu-
lated using Spearman’s test or Kruskal-Wal-
lis test. A p-value of <0.05 was considered
statistically significant.

Results

A total of 140 patients, including 91
women (65%) and 49 men (35%), aged
between 20 and 78 years (mean age of
54.53+13.89), were included in the study.
Thirteen (9.3%) patients had normal BMI
[mean BMI=21.94 (interquartile range;
IQR=19.65-24.25)] while 40 (28.6%) pa-
tients were overweight [mean BMI=27.6
(IQR=26.4-28.84)], 65 (46.4%) patients
were obese [mean value of BMI: 33.97
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(IQR 31.6-36.13)] and 22 (15.7%) pa-
tients were morbidly obese [mean value of
BMI=41.68 (IQR=40.02-44.08)]. When
the treatments of the patients were evalu-
ated, 93 (66.4%) patients were receiving
insulin, 28 (20%) patients were receiving
exenatide twice daily, and 19 (13.6%) pa-
tients were receiving insulin+exenatide
twice daily. LH was detected in 91 of 140
patients (65%).
While mean HbAlc levels of the patients
with LH were 9.43+2.97, the mean HbAlc
levels of the patients without LH were
8.42+1.85. Vitamin D levels of 96 (68.5%)
patients were less than 20 ng/mL and 44
(31.4%) patients were 20 ng/mL and above.
Spearmen’s correlation analysis demon-
strated a significant negative correlation be-
tween levels of vitamin D and the presence of
LH (Spearmen’s =|-0.2|, p=0.006) (
1). Kruskal-Wallis test showed no significant
relationship between LH and BMI (p=0.057)
(Table 1 ). This study indicated the absence of
significant correlations between types of in-
jectable treatments and the presence of LH
(Spearmen’s =0.17, p=0.296) (  Table 1).
There was no correlation between LH and
HbAlc levels, and the age of the patients
(Spearmen’s =|-0.11|, p=0.18, and
=0.13, p=0.11, respectively). We also ob-
served a significant relationship between

Table

gender and LH. Statistically, the frequency of
LH was higher in female patients (Spear-
men’s  =|-0.34|, p=0.001) ( Table 1).

Discussion

Vitamin D is one of the primary hormones
that play a role in calcium, phosphorus he-
mostasis, and bone metabolism. Due to the
low vitamin D content of foods, the main
source of vitamin D endogenous synthesis is
through the ultraviolet B rays from choles-
terolin the skin ( 8). Although different vita-
min D ranges are used in different studies,
generally accepted normal vitamin D levels
have been determined as 20-50 ng/mL in a
healthy population ( 9).

In addition to affecting the bone metabolism,
vitamin D plays a role in the etiology and pro-
gression of many different diseases such as
cardiovascular diseases, autoimmune dis-
eases, and malignancies ( 10-12 ). In addition
to these effects, the effects of vitamin D on Ii-
pogenesis are known. In a study performed

by Borges et al. on obese mice, vitamin D de-
ficiency was found to increase lipogenesis in
the liver, reduce beta-oxidation, and increase

the risk of fatty liver disease ( 13). Vitamin D
inhibits differentiation of pre-adipocytes to
mature adipocytes by inhibiting characteris-

tic mature adipocyte genes such as peroxi-
some proliferator-activated receptor- , and

Table 1. Relationship between LH and gender, BMI, vitamin D, and the patient’s treatment.

Present

Gender
Male 21
Female 70

Body mass index (kg/m  2)

Normal 12

Over-weight 21

Obese 42

Morbid obese 16
Vitamin D (ng/mL)

<20 55

220 36
Patient’s treatment

Insulin 57

Exenatide 22

Insulin+exenatide 12

Lipohypertrophy
Absent p
28 0.001
21
1 0.057
19
23
6
41 0.006
8
36 0.296




Turk J Endocrinol Metab.
2020;24:184-188

Kaag et al. 187

Vitamin D Deficiency and Lipohypertrophy

sterol regulatory element-binding protein-1c
(14). Vitamin D has also been shown to be
protective against obesity due to its negative
effect on adipocytes by increasing dinu-
cleotide concentration and Sirtulin 1 activity
to nicotinamide adenine ( 15). LH is the adi-
pose tissue that appears as a tumor-like
swelling at subcutaneous injection sites.
Histopathologically, it is seen that the dermal
reticular layer consists of mature adipocytes
of volume larger than that of normal
adipocytes. Some lipid droplets may occur in
the periphery of some of the adipocytes in LH
tissue, possibly due to the stimulation of li-
pogenesis ( 16). This study was planned
based on the above-mentioned effects of vi-
tamin D on lipogenesis, and on assessing the
relationship between LH and vitamin D, the
frequency of LH was found to increase signif-
icantly in patients with low vitamin D levels
(p=0.006). There are conflicting results on
the effects of the replacement of vitamin D
on levels of HbAlc and fasting blood glucose
in DM patients ( 17). However, studies show-
ing the positive effects of vitamin D replace-
ment on glycemic control in Type 1 DM
patients who were treated with insulin alone
(18,19 ) suggest that this effect of vitamin D
may improve LH and exert positive effects on
glucose metabolism.

Although the incidence of LH in our country
varied in previous studies, the LH rate was
27.4% in a study published in 2018 with 29
different centers, whereas this rate was
48.8% in another study with 215 patients
(20,21 ). In our study, the incidence of LH
was found to be 65%. This difference may
be due to the low number of patients in-
cluded in our study; it also indicates that
we need more efforts on insulin treatment
education in our center.

While no relationship was observed between
gender and LH in previous studies, LH was

more common in women in our study ( 3).

Contrary to the studies reporting that in-
creased BMI increases the risk of LH, we ob-
served no statistically significant relationship
between BMI and LH in our study ( 6). These
conflicting results maybe because of the
sample size of our study.

There are some limitations to our study. We
focused only on the relationship between vi-
tamin D and LH. The other factors which
could affect LH, for example, rotation of the

injection site, injection regimen, needle sy-

ringe length, etc., needs to be evaluated in

this study. Another limitation was, as indi-

cated earlier, the sample size. As the third
limitation of the study, we evaluated LH by

the inspection and palpation methods. Eval-
uating the presence of LH by radiological
methods would provide more sensitive and
specific results.

Conclusion

To our knowledge, this is the first study
showing the relationship between vitamin D
and LH. Further randomized controlled trials
are needed to clarify this relationship. LH is

a significant issue that cannot be underesti-
mated considering its negative effects on
the frequency of hypoglycemia, quality of
life of the patients, glycemic control, and
cost of treatment.
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Ozet

Amag: Depresif bozukluk ve artm & depresif durumlar her be diyabet hasta-
s@dan birini etkilemektedir. Giincel rehberler, diyabetik populasyonda depre-

sif semptom ve bozukluklar & taranmas @donermektedir. Tirkiye, Avrupa'da

en yiksek (%13,7) diyabet prevalans da sahip ulke konumundad @ Bununla
birlikte, Turkiye'de diyabet hastalar Oaras dda depresif bozuklu un s &I 6 chak-

Abstract

Objective:  Elevated depressive symptoms and disorders affect one in five
patients with diabetes. Current guidelines recommend screening depression
in the diabetic population. Turkey has the highest (13.7%) prevalence of di-
abetes in Europe. However, there are limited data about the prevalence of de-
pressive disorders among diabetic patients in Turkey. We aim to investigate

the prevalence of a comorbid depressive disorder in Type 2 diabetic patients
who were referred to the Endocrinology outpatient unit of a tertiary hospital.
Material and Methods: All the Type 2 diabetic patients admitted to our en-
docrinology department were consecutively included in the study. Their so-
ciodemographics, concomitant diseases and medications, macro and
microvascular complications, lifestyle and personal habits, and treatment reg-
imens were obtained by a specifically designed questionnaire. Laboratory data
were obtained from the hospital records. The Patient Health Questionnaire-9
(PHQ-9), a depression screening tool, was used as a screening method for
depression. Patients with a score of 10 or above determined high risk for de-
pressive disorder according to PHQ-9. The scores were re-evaluated by a psy-
chiatrist to minimize the false negative and positive results.
Result:  Atotal of 460 patients with Type 2 diabetic were enrolled in this cross-
sectional study. 18.9% (n=87) of the participants were found to have de-
pressive disorders according to the psychiatric evaluation done after the
PHQ-9 questionnaire. Patients with depressive disorders were predominantly
female (69.0% vs. 55.5%; p=0.022), younger (57.2+10.5 vs. 60.0+9.5;
p=0.014), had higher HbAlc (8.51+2.51 vs. 7.98+2.05; p=0.042), total cho-
lesterol (205.6+44.2 vs. 194.2+46.0; p=0.045), LDL-cholesterol (123.1+37.8

vs. 113.1+35.4; p=0.026) and non-HDL-cholesterol (158.5+41.61 vs.
146.6+42.7; p=0.024). These patients had frequent neuropathy (37.3% vs.
19.0%, p=0.001), they were less likely to perform exercise (31.8% vs.
53.1%; p<0.001) while smoke in excess (31.4% vs. 14.3%; p<0.001). The
analysis showed that female gender (OR=4.4; 95% CI=1.6-12.8; p=0.005)
and smoking (OR=7.6; 95% CI=2.8-20.5, p<0.001) are independent deter-
minants of a depressive disorder. Conclusion:  Approximately one-fifth of di-
abetic patients had a depressive disorder, and their metabolic parameters
were worse than those without a depressive disorder. Therefore, to assess a

kdhda k &dl 6veri bulunmaktad @ Biz bu cal @ maile bir liglincli basamak Endok-
rinoloji poliklini ineba vuran Tip 2 diyabetik hasta popllasyonunda e lik eden
depresif bozukluk prevalans ~ ®08saptamay Gamaglad &. Gereg ve Yontemler:
Endokrinoloji poliklini ine ba vuran tiim tip 2 diyabet hastalar Oard 6 & olarak
cald maya dahil edildi. Kat ~ d@nc dar & sosyodemografik 6zellikleri, e lik eden has-
tal &lar dve uygulanan tedaviler, makro ve mikro komplikasyonlar, ya amtarz 6
ve ki isel al & kanl &lar 6haz dlanan sorgu formuile kay  dalt da al &d & Laboratu-
var verileri hastane bilgi sisteminden al &d & Depresif bozukluk taramas ~ digin
“Patient Health Questionnaire-9 (PHQ-9)” depresyon tarama arac Okullan add
PHQ-9 puan 610 ve (izeri olan hastalar, depresif bozukluk ag¢ &ddan yuksek
riskliolarak de  erlendirildi ve olas  &yanl 6 negatif-pozitif sonuclar ~ den aza indir-
gemek amac @la bir psikiyatriuzman  &taraf ddan yenidende  erlendirildi.  Bul-
gular:  Cal maya toplam 460 Tip 2 diyabet hastas odahil edildi. PHQ-9 skorlar 6
ve akabinde yap d@an psikiyatri de  erlendirmesi sonras 0 hastalar & %18,9
(n=87)'unda depresif bozukluk saptand 8 Depresif bozukluk saptanan hastalar

a Gl&ldolarak kad @& cinsiyette (%69,0'a kar 0%55,5; p=0,022), daha geng

ya ta (57,2£10,5e¢ kar 6 60,0+9,5; p=0,014), daha yiksek HbAlc
(8,51+2,51'e kar 67,98+2,05; p=0,042), total kolesterol (205,6+44,2'ye kar
194,2+46,0; p=0,045), LDL kolesterol (123,1+37,8'e kar 06113,1+35,4;
p=0,026) ve non-HDL-kolesterol (158,5+41,61'e kar 0146,6+42,7, p=0,024)
seviyelerine sahip idi. Ek olarak, bu hastalarda néropati daha s & (%37,3e
kar 6%19,0, p=0,001), egzersiz yapma oranlar odaha du Uk (%31,8ekar &
%53,1; p<0,001) ve sigara icme s &I 6 ddaha yiksek (%31,4’e kar 0%14,3;
p<0,001) idi. Kad & cinsiyette olmak (OR=4,4; %95 GA=1,6-12,8; p=0,005)

ve sigara icmek (OR=7,6; %95 GA=2,8-20,5; p<0,001) depresif bozuklu a
sahipolman & ba @ns& ongorduriculeriidi.  Sonug: Diyabetik hastalar & yak-
la &be te birinde depresif bozukluk mevcuttu ve metabolik parametreleri dep-

resif bozukluk olmayanlara gére daha kétti idi. Bu nedenle, bir diyabet hastas Mo

o

diabetic patient from all aspects, screening for depressive disorder should be kapsaml &bir ekilde de erlendirebilmek igin depresif bozukluk taramas Bhasta
made an indispensable part of the evaluation process. de erlendirmesinin ayr  @maz bir pargas Golarak uygulanmal ~ @a.
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Introduction

Diabetes is a chronic disease and complicated
to manage due to the associated mood and
emotional problems. Depression is a frequent
comorbidity in Type 1 and Type 2 diabetic pa-
tients. Depression affects one in four patients
with diabetes ( 1). In other words, diabetic pa-
tients are at 1.4-3 times higher at risk of co-

morbid  depression ( 1-3). Depressive

disorders may complicate the management of
diabetes and negatively affect the achieving

of glycemic and metabolic targets ( 4-6).

Thus, American Diabetes Association (ADA),
US Preventive Services Task Force (USPSTF),
and National Institute for Health and Care Ex-
cellence (NICE) diabetes guidelines recom-
mend routine screening of depressive

symptoms in a high-risk population ( 2,3,7).

The prevalence of depression is reported as
20.3-29.7% in European countries, and

8.3% in North America (  8-10 ). But there are

only a few studies available about the
prevalance of depressive disorders for

among diabetic patients in Turkey ( 11-13).

We hypothesize that frequency of depressive
symptoms was similar throughout European
countries and was associated with metabolic
disturbances.

In this cross-sectional study, we aim to de-
termine the frequency of depressive disor-
ders in Type 2 diabetic patients referred to
the Endocrinology Outpatient Unit of a terti-
ary hospital. Our secondary aim was to as-
sess the relationship between comorbid
depressive disorder and the metabolic con-
sequences in Type 2 diabetic patients.

Material and Methods

Study Design and Population

This cross-sectional study was carried out
from January 2017 to May 2018 in a tertiary
endocrine unit. The study was approved by
the local ethics committee (08.02.2017
Kegioren Training and Research Hospital
Ethical Committee-Ankara/Turkey/2012-
KAEK-15/1338), and the study protocol was
designed as per the international agree-
ments (Helsinki Declaration revised 2013).
All patients signed informed consent before
data collection. Type 2 diabetic patients over
the age of 18 were enrolled consecutively in
the study. Patients were excluded if preg-
nant, younger than 18 years, had Type | di-

abetes, decompensated liver disease, ma-
lignancy, chronic inflammatory disorders, or
were undergoing renal replacement therapy.

Data Collection

The sociodemographics (age, gender, mari-
tal status, education, occupation, and in-
come), concomitant diseases and
medications, macro and microvascular com-
plications, lifestyle and personal habits [ex-
ercise, smoking, alcohol use], and treatment
regimens were obtained by a specifically de-
signed questionnaire given to all the partic-
ipants by their physicians. Laboratory data
were obtained from hospital records.

The following are the evaluations done
cross-sectionally,

Anthropometrics and Blood Pressure
Measurement

Height, weight, and waist circumferences
(WC) of the patients in their underclothes
were recorded according to the standard pro-
tocol. Body mass index (BMI) was computed
as the ratio of weight to the square of height
(kg/m 2). WC was measured on the line be-
tween the iliac crest and the lower costal
margin parallel to the ground, once the pa-
tients exhaled. Arterial blood pressure (ABP)
was recorded using automatic BP monitors
(Omron M2, HEM-7121-E) after at least 5
min of rest in a seated position. Three con-
secutive measurements were taken from the
same arm, and the mean was recorded.

Laboratory Data

For biochemical analyses, all the blood sam-
ples were collected from the antecubital vein
between 08:00-10:00 AM after overnight fast-
ing. All laboratory parameters were measured
using standard procedures. The levels of fast-
ing blood glucose concentration, total, and
high-density lipoprotein-cholesterol (HDL-C),
and triglycerides (TG) were measured enzy-
matically. low-density lipoprotein (LDL-C) was
calculated using Friedewald’s equation [LDL-
C=total cholesterol-(HDL-C+TG/5)] if TG was
found less than 400 mg/dL ( 14). Glycohemo-
globin (HbA1c) was measured using high-per-
formance liquid chromatography (HPLC).

Patient Health Questionnaire-9 a Depression
Screening Tool

To screen the depressive disorders, Patient
Health Questionnaire-9 (PHQ-9), a depres-
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sion screening tool was used. PHQ-9 is a
valid and reliable tool for screening depres-
sive disorders in diabetic individuals
(15,16 ). All the diabetic patients who were
at the risk of a depressive disorder accord-
ing to PHQ-9 score were re-evaluated by a
psychiatrist to minimize the false negative
and positive results according to the Diag-
nostic and Statistical Manual of Mental Dis-
orders (DSM-5) in terms with the major
depressive disorder. PHQ-9 is an instrument
to perform criteria-based diagnoses of de-
pressive disorders commonly encountered in
primary care. A PHQ-9 score of 10 has a
sensitivity and specificity of 88% in diag-
nosing depressive disorders ( 17). Depres-
sive symptoms were screened by the PHQ-9
guestionnaire. The PHQ-9 query form con-
sists of 9 questions. The scores obtained by
each answer are collected and evaluated on
a scale. If the patient has not marked one
of the 3 to 4 options given for the first two
guestions, the questionnaire cannot be eval-
uated as a depressive disorder regardless of
the total score. Patients with a score of 10 or
higher as per the rules were referred to a
psychiatrist for a re-evaluation of comorbid
depressive disorder. The diagnosis of co-
morbid depressive disorder is made by a
psychiatrist according to the DSM-5 criteria.
Also, regardless of the PHQ-9 score, all the
patients who used prescribed antidepres-
sants were referred to a psychiatrist and re-
evaluated for depressive disorder to avoid
overdiagnosis.

Definitions

An internationally accepted definition for
Type 2 diabetes was used by the physicians
(18). Hypertension was defined as an aver-
age office BP>140/90 mmHg on two differ-
ent visits or an individual undergoing
antihypertensive treatment. Dyslipidemia
was defined as TG>150 and/or LDL-C>100,
and/or low HDL-C (men <40, women <50
mg/dL), or receiving medications for dyslipi-
demia. Obesity was defined as BMI>30
kg/m 2 (19). Treatment targets were defined
as HbAlc<7%, office ABP<140/90 mmHg,
and LDL-C<100 mg/dL according to the na-
tional ( 20) and international (  2) diabetes
guidelines. Achieving all the goals, such as
glycemia, BP, and lipid levels by an individ-
ual patient, indicate triple metabolic control

being established. The exercise was defined
as meeting both these criteria, performing
exercise more than two days per week, and
more than thirty minutes per day. Marital
status was dichotomized as married and un-
married. Self-reported income status was
categorized according to their ability to meet
up basic needs and save. A low education
level was defined as less than eight years of
formal education. Macrovascular complica-
tions were either self-reported: having a his-
tory of coronary artery disease, angina,
heart attack, cerebrovascular event or pe-
ripheral artery disease; or recorded by the
physicians according to their findings such
as non-palpable extremity pulses, low
ankle-brachial index values ( 0.9), positive
findings on coronary or peripheral arteriog-
raphy, and carotid or peripheral arterial du-
plex ultrasound examination. Retinopathy
was self-reported by the patients based on
being identified with an eye problem related
to diabetes mellitus. Nephropathy was
recorded by the physicians if the patients
had albuminuria and/or decreased esti-
mated glomerular filtration rate. Neuropathy
was also self-reported or recorded by the
physicians if the patients had symptoms re-
lated to bilateral symmetric distal neuropa-
thy or other autonomous neuropathies
attributed to diabetes mellitus.

Statistical Analyses

Statistical analyses were performed in SPSS
18.0 (SPSS Inc., Chicago, IL, USA). Data
were expressed as mean+SD and median
(minimum-maximum value) for continuous
variables or as a percentage for categorical
variables. To identify the variables associ-
ated with depression state (depressive/not
depressive), the univariate analyses were
performed using Chi-square, Fisher exact,
Student's t, and Mann-Whitney U tests,
where ever appropriate. For the multivariate
analysis, binomial logistic regression was
performed to ascertain the association of
different variables. The criteria for inclusion
in the model were having statistical signifi-
cance (p<0.05) in the univariate analysis
and a clinical rationale to have a potential
association with glycemic control. The vari-
ables were gender, BMI (<25 vs. 25-29.9 vs.
30 kg/m 2), BP (<140/90 mmHg vs.
higher), having microvascular  and



Turk J Endocrinol Metab.
2020;24:189-197

Demirci et al.
Screening of Depression in Type 2 Diabetes

192

macrovascular complications, smoking, ex-
ercise ( 2/week vs. higher), alcohol con-
sumption, statin treatment, insulin usage,
education level, and monthly income. The
odds ratios with 95% confidence intervals
(Cl) are given in  Figure 1 . The p-value is
two-tailed with a significance level of 0.05.

p=0.045), LDL-C  (123.1+37.8  vs.
113.1+35.4; p=0.026) and non-HDL-C
(158.5+41.61 vs. 146.6+42.7; p=0.024)
(Table 1, Table 2 ). Additionally, these pa-
tients had frequent neuropathy (37.3% vs.
19.0%, p=0.001) and were less likely to
perform exercise (31.8% vs. 53.1%;
p<0.001) while smoke in excess (31.4% vs.
14.3%; p<0.001) (  Table 1).

According to the multivariate analyses,
being female [odds ratio (OR)=4.4; 95%
Cl=1.6-12.8; p=0.005] and smoking
(OR=7.6; 95% CIl=2.8-20.5; p<0.001)

Results

A total of 460 patients with Type 2 diabetes
were enrolled in the study. Based on the
predefined criteria, 18.9% (n=87) of the
participants had comorbid depressive disor-
ders. The clinical and demographical char- were independent determinants of comorbid
acteristics of the patients are given in Table  depressive disorders in type 2 diabetic pa-
1. tients ( Figure 1 ).

The patients with comorbid depressive dis-
orders were predominantly female (69.0%
vs. 55.5%; p=0.022), younger (57.2+10.5
vs. 60.0+£9.5; p=0.014), had higher HbAlc
(8.51+£2.51 vs. 7.98+2.05; p=0.042), total
cholesterol (205.6+44.2 vs. 194.2+46.0;

Discussion

The result shows that approximately one-
fifth of Type 2 diabetic patients have comor-
bid depressive disorders. Patients with
depressive disorders were predominantly fe-

Table 1. The demographic parameters of patients with and without depressive disorders.

Total patients  Without depressive disorder ~ With depressive disorder
Variables (n=460) (n=373; 81.1%) (n=87; 18.9%) p
Gender {(female) (n, %) 267 (58.0%) 207 (55.5%) 60 (69.0%) 0.022
Age (years) 59.48+9.72 60.02+9.46 57.17+£10.48 0.014
Higher education (n, %) 217 (48.3%) 171 (47.3%) 46 (52.9%) 0.345
Patients with lower income (n, %) 324 (75.7%) 262 (75.3%) 62 (77.5%) 0.677
Marital status {(married) (n, °%) 366 (82.2%) 303 (83.9%) 63 (75.0%) 0.054
Smoking (n, %) 79 (17.6%) 52 (14.3%) 27 (31.4%) <0.001
Alcohol intake (n, %) 7 (1.6%) 6 (1.7%) 1 (1.2%) 0.766
Regular exercise (n, %) 217 (49.0%) 190 (53.1%) 27 (31.8%) <0.001
Diabetes duration (year) 10.94+8.14 10.69+8.16 12.15+8.02 0.186
Macrovascular complications (n, %) 85 (22.4%) 68 (21.7%) 17 (25.8%) 0.516
Coronary artery disease 100 (23.8%) 79 (23.0%) 21 (27.3%) 0.422
Peripheral artery disease 8 (1.9%) 6 (1.8%) 2 (2.7%) 0.578
Cerebrovascular disease 10 (2.3%) 9 (2.6%) 1(1.3%) 0.497
Microvascular complications {n, %) 107 (36.8%) 83 (34.6%) 24 (47.1%) 0.093
Retinopathy 61 (17.3%) 50 (17.1%) 11 (18.3%) 0.813
Nephropathy 45 (13.6%) 36 (13.3%) 9 (15.0%) 0.734
Neuropathy 95 (22.2%) 67 (19.0%) 28 (37.3%) 0.001
Obesity (n, %) 256 (57.7%) 207 (57.3%) 49 (59.0%) 0.778
Hypertension {n, %) 338 (73.5%) 280 (75.1%) 58 (66.7%) 0.110
Dyslipidemia (n, %) 303 (78.0%) 264 (76.5%) 69 (84.1%) 0.134
Insulin treatment (n, %) 191 (41.5%) 148 (39.7%) 43 (49.4%) 0.097
Statin treatment (n, %) 110 (23.9%) 89 (24.3%) 21 (22.3%) 0.689
Treatment with anti-depressants {(n, %) 61 (13.3%) 0 (0.0%) 61 (70.1%) < 0.001‘
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Table 2. The PHQ-9 scores, laboratory parameters, and rates of achieving metabolic targets of patients with and

without depressive disorders.

Total patients ~ Without depressive disorder With depressive disorder

Variable total (n=460) (n=460) (n=373; 81.1%) (n=87; 18.9%) p
PHQ-9 score 7.04+5.14 5.88+3.96 11.97+6.51 <0.001
BMI (kg/m 2) 31.71+5.97 31.50+6.06 32.62+5.55 0.126
SBP office (mmHg) 130.84+18.96 131.41+18.95 128.37+18.91 0.191
DBP office (mmHg) 79.43+10.19 79.55+10.42 78.89+9.11 0.599
HbAlc (%h) 8.08+2.15 7.98+2.05 8.51+2.51 0.042
Total-C (mg/dL) 196.46+45.84 194.23+46.01 205.61+44.25 0.045
HDL-C (mg/dL) 47.56+13.23 47.69+13.53 47.05+11.95 0.697
LDL-C (mg/dL) 115.10+36.07 113.17+35.42 123.11+37.82 0.026
TG (mg/dL) 184.51+£105.45 180.61+102.87 200.83+114.87 0.121
Non-HDL-C (mg/dL) 148.99+42.76 146.62+42.77 158.56+41.61 0.024
Achieving metabolic targets
ABP (<140/90 mmHg) 266 (60.6%) 211 (59.1%) 55 (67.1%) 0.183
LDL-C {<100 mg/dL) 151 (36.2%) 130 (38.7%) 21 (25.9%) 0.032
HbAlc (<7%) 162 (36.3%) 136 (37.4%) 26 (31.7%) 0.336
Triple target 34 (7.7%) 32 (8.9%) 2 (2.4%) 0.042

PHQ-9: Patients Health Questionnaire-9; BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure;
HbAlc: Glycated hemoglobin; Total-C: Total cholesterol; HDL-C: High-density lipoprotein-cholesterol; LDL-C: Low-density lipopro -
tein-cholesterol; TG: Triglycerides; ABP: Arterial blood pressure.

Figure 1:  The factors associated with depressive disorder in patients with Type 2 diabetes.
BMI: Body mass index; ABP: Arterial blood pressure; LDL: Low-density lipoprotein.

male, younger, and had poor lipid levels. characteristic features. Many factors, in-
Being a female or a smoker were predictors cluding chronic diseases, can cause or ex-
of a depressive disorder. acerbate depressive disorders. Incidentally,
A depressive disorder has a broad and het- the concomitant depressive disorder may
erogeneous diagnosis, where depressed also adversely affect the course of chronic

mood and/or loss of pleasure are the most diseases. The frequency of depressive dis-
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orders is increasing all over the world
(8,21-24 ). It is reported that the preva-
lence of depressive disorders in people with
chronic diseases is twice higher than in the
healthy population (  25). Various studies
have reported the prevalence of depressive
disorders from 8% to 30% in diabetic pa-
tients ( 25-27 ). However, studies also show
that only half of the patients with depres-

sive disorders are diagnosed ( 25). The data
on the prevalence of depressive disorders
among diabetic patients in Turkey is lim-
ited. An international study that used the
PHQ-9 questionnaire reported the preva-
lence of depressive disorder as 21% for
both Type 1 and Type 2 diabetes, in Turkey
(11). Another study found a prevalence of
26.4% by using Beck’s Depression Inven-
tory in 440 adult patients with Type 2 dia-
betes ( 13). The prevalence of depressive
disorders in our study (18.9%) was similar

to that of the reports of other national
(11,13 ) and international studies (
Depressive disorders may affect the course
of diabetes, while it may also be affected
by diabetes as well. It may also increase
the risk of macro and microvascular com-
plications in diabetic patients (
Therefore, itis very important to determine

the risk factors that develop depressive dis-
orders in diabetic patients. Evidence shows

that the prevalence of depression is mod-
erately increased in prediabetic patients
and significantly increased in diabetic pa-
tients ( 31). There may be a few reasons for

an increased risk of depression in diabetic
patients, such as diabetes, causing struc-
tural changes in the brain leading to atro-

phy ( 32). Studies show that atrophic
changes may involve the hippocampus and

that HbAlc may be an important determi-

nant of hippocampal volume ( 33). Our
study supports these findings by showing a
higher HbAlc level in patients with depres-

sive disorders. The patients with depressive
disorder in our study had higher total cho-
lesterol, LDL-C, and non-HDL-C levels.
These findings are also consistent with the
previous studies that reported higher cho-
lesterol levels in Type 2 diabetic patients
with depressive disorders (27,34 ). Lack of
diet, medication adherence, and inade-
guate self-care in depressive patients may

be the most important reasons for the poor

4,27,28 ).

29,30 ).

metabolic features. Patients with depres-
sive disorders in our study were younger
than patients without depressive disorders.
However, several studies show conflicting
results of the effect of aging on depressive
disorders, where many show a linear rise in
the frequency of depressive disorders with
increasing age ( 35-37 ), while others show
a negative correlation ( 38). Also, different
studies suggest a U-shaped relationship be-
tween age and depressive disorders ( 39).
Further, we showed that female gender and
smoking were the independent determi-
nants of depressive disorders in Type 2 dia-
betic patients. Patients with depressive
disorders have poor self-care behaviors,
such as overeating, drinking alcohol, smok-
ing, limited physical activity, and poor med-
ication adherence. For these reasons, it is
not surprising that smoking is a determinant

of a depressive disorder in this study. Stud-

ies also show that there may be a dose-de-
pendent relationship between depressive
disorder and smoking (40,41 ). In a study of
Type 2 diabetic patients, heavy smokers
were twice as likely as to experience major
depression compared to nonsmokers ( 42).
Diabetic patients may have more problems

in quitting smoking because of the physical
and emotional burdens associated with dia-
betes, where smoking may act as a stress-
coping behavior ( 42). Many studies have
also reported that depressive disorders are
more common in women ( 43-45 ). The find-
ings of a similar global female predominance
suggest that the differential risk may prima-

rily stem from the biological sex difference
and is less dependent on race, culture, diet,
education, and many other potentially con-
founding social and economic factors.
Therefore, it was expected from our study

to identify that the female gender is a risk
factor in the development of depressive dis-
orders.

This study may have several limitations.
Firstly, as described in the definitions, PHQ

is an instrument in performing criteria-
based diagnoses of depression and other
mental disorders. However, it is not a gold
standard method for diagnosing depressive
disorders. Also, in order to prevent an
overdiagnosis, all the patients with high
PHQ scores are further referred to a psy-
chiatrist, with their progress being fully
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monitored. Secondly, the study does not
represent the whole country as it is per-
formed in a local health center. Thirdly, we
did not question erectile dysfunction in
male patients, which is an important factor
that causes depression in male diabetics.
Additionally, the cross-sectional design of
the study may preclude a causal relation-
ship between predictive risk factors and
depressive disorder in diabetic patients.
There may also be a selection bias in our
study since all the enrolled patients were
followed-up in a tertiary endocrine unit,
and also the enrollment of patients with
multiple comorbidities and complications
may have affected the results. Neverthe-
less, the result of our study is remarkable
because it is one of the rare studies in our
country that reports the prevalence and
characteristics of depressive disorders in
diabetic patients.

In  conclusion, the prevalence of
depressive disorders is considerably
high in Type 2 diabetic patients, although
they are being followed up in a tertiary
outpatient endocrinology unit. To assess
a diabetic patient from all aspects, screen-
ing for depressive disorders should be
made an indispensable part of the evalua-
tion process. The risk is higher if the pa-
tient is a female or a smoker. Further,
prospective studies with a larger sample
size may be required to reveal the rela-
tionship between depressive disorders and
diabetes.
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Farkl 6Antidiyabetik Tedavilerle
Diyabetik Makuler Odem Tiplerinin di tkisi
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Abstract Ozet

Objective:  To evaluate and assess the association of diabe- Amagc: Diyabetik makuler 6demin farkl dantidiyabetik te-
tic macular edema with different anti-diabetic therapy regi- davi rejimleriyle ili  tkisinin de gerlendiriimesi.  Gereg ve
mens. Material and Methods: We recruited 340 patients Yontemler:  Oftalmoloji ve medikal oftalmoloji poliklini gne

with prediagnosed Type 2 diabetes mellitus attending the
ophthalmology and medicine outpatient department. Patients
were older than 30 years with Type 2 diabetes mellitus and
on a specific anti-diabetic regimen (monotherapy/combina-

ba hvuran, 6nceden tan  G6alm 6hTip 2 diabetes mellituslu 340
hasta ¢cal 6hmaya al dda& Otuz ya Hhdan buyuk, Tip 2 diabe-
tes mellituslu ve 6 ayd & spesifik bir antidiyabetik rejim
(monoterapi/kombinasyon terapisi) alan hastalar, spektral

tion therapy) for 6 months, and who underwent macular
edema assessment by using spectral domain optical cohe-
rence tomography. The patterns of macular edema per reti-
nal morphology were grouped as diffuse retinal thickening,
cystoid macular edema, and serous retinal detachment. Re-
sults:  No significant association was found between edema
pattern and dual therapy regimen (metformin+1 other oral
hypoglycemic agent) (p=0.685) in the 680 eyes of the 340
patients. In patients on all the other triple therapy regimens
(metformin+2 other oral hypoglycemic agents), diffuse reti-

nal thickening was the most common type, except in pati-
ents on thiazolidinediones and insulin in conjunction with
metformin in which cystoid macular edema was the most
common. However, the difference between different triple
therapy regimens was statistically significant (p=0.053).

alan optik koherens tomografisi kullan darak makuler 6dem
de gerlendirmesine tabi tutulmu Hard @. Her bir retina mor-
folojisi igin makuler 6dem paternleri; diffiiz retina kal dla h
mas § sistoid makuler 6dem ve serdz retina dekolman 0
olarak grupland &add& Bulgular:  Toplam 340 hastadaki 680
gozde oOdem paterni ve ikili tedavi rejimleri
(metformin+di  ger 1 oral hipoglisemik ajan) (p=0,685) ara-

sthda anlaml 8bir ili tki bulunmad @& Di ger tum ugli tedavi
rejimlerindeki (metformin+di cer 2 oral hipoglisemik ajan)
hastalarda, kistoid makuler 6demin en yayg & oldu qu tia-
zolidindionlar ve metformin ile birlikte insulin kullanan has-

talar harig, diffiz retinal kal dla hma en yayg & tipti.
Bununla birlikte, farkl  &lclu tedavi rejimleri aras dhdaki fark
istatistiksel olarak anlaml ~ &d 6(p=0,053). Sonug: Makuler
o6demin enyayg @ formu, antidiyabetik tedavinin tipi ve re-

Conclusion:  The most common form of macular edema was jimine bak dmaks & diffiz retinal kal ~ &la maidi. asulin de
diffuse retinal thickening irrespective of the type and regi- dahil olmak Gzere Uglu tedavi géren hastalarda artm Ohkis-
men of anti-diabetic therapy. Increased incidence of cystoid toid makuler 6dem insidans  6gdzlenmi Hir. Paternlerdeki
macular edema was observed in patients on triple therapy, farkl d& nedeni ile devam eden antidiyabetik tedaviye ba do

including insulin. Because of the difference in the patterns, it
is imperative to evaluate patients for different types of edema
due to ongoing anti-diabetic treatment.

olarak hastalar 6farkl 66dem tipleri a¢ &ddan de gerlendir-
mek zorunludur.

Keywords:  Diabetes mellitus; diabetic retinopathy; Anahtar kelimeler: Diabetes mellitus; diyabetik retinopati;
macular edema; anti-diabetic therapy makuler 6dem; antidiyabetik tedavi
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Introduction

Diabetes mellitus is a group of disorders
characterized by hyperglycemia and glucose
intolerance due to insulin deficiency, im-
paired effectiveness of insulin action, or both

(1). Retinopathy is probably the most com-

mon microvascular complication of diabetes.
Diabetic macular edema (DME) results in se-
vere vision loss in Type 2 diabetes because

of fluid leakage due to increased vascular
permeability, owing to anatomical and bio-
chemical changes. Increased vascular per-
meability of retinal blood vessels and
subsequent edema and hard exudates are

the key features of DME. The Wisconsin Epi-
demiological Study of Diabetic Retinopathy

(2) reported the prevalence to be 29% in
younger-onset diabetic patients and 28% in
older-onset diabetic patients, after 20 years.

As there is no definitive cure for diabetes,
glycemic control using oral hypoglycemic
agents (OHAs) and insulin remains the cur-

rent mainstay of treatment, which has side
effects. DME is the warning sign associated
with the development and progression of di-
abetic retinopathy (DR). However, some
specific classes of OHAs alone or in combi-
nation with insulin are associated with fluid
retention and peripheral edema ( 3-5). The
treatment of diabetes with insulin may re-

sult in increased retinal vascular permeabil-

ity, and then induce DR

progression and visual impairment (
Therefore, there is a need to review the
treatment strategies for diabetes mellitus in
this perspective. Various studies have re-
cently assessed the association of DME with
anti-diabetic treatments; however, data re-
garding the severity and morphology of DME
are scarce.

Hence, we conducted this study to find an
association between the different types of
macular edema and different anti-diabetic
treatment regimens.

Material and Methods

This is a hospital-based cross-sectional
study conducted at a tertiary care center in
North India. We recruited 340 patients with
prediagnosed Type 2 diabetes mellitus
attending the ophthalmology and medi-
cine outpatient department of our facility.
We obtained their informed and written
consent after adhering to the tenets of

4,6,7 ).

the Declaration of Helsinki after approval
of our institutional ethics committee
(Institutional Ethics Committee, Era’s Luc-
know Medical College and Hospital;, Ap-
proval No. ELMC/R_CelllEC/2017/71,
Dated: 14/02/2017). Patients older than 30
years with Type 2 diabetes mellitus and
who were on a specific anti-diabetic regi-
men (monotherapy/combination therapy)
for 6 months were included.

Patients with any other ocular disease alter-
ing macular thickness, hazy ocular media
obscuring fundus examination and imaging,
patients on other medications alongside
anti-diabetic treatment, those with a history
of recent (<3 months) intraocular surgeries
or laser treatment, chronic renal disease,
uncontrolled use of hypertensives, dyslipi-
demia, chronic smokers, and patients not
willing to participate in the study were ex-
cluded.

Detailed history regarding the demographic
profile of the patients and that of diabetes
and anti-diabetic medications and symp-
toms indicative of macular pathology were
obtained. Afterward, patients underwent a
best-corrected visual acuity assessment by
Snellen’s Chart, anterior segment assess-
ment using a slit lamp, and a fundus ex-
amination using indirect ophthalmoscopy
and +90D lens. Fundus photography and
fluorescein angiography were performed
using Carl Zeiss Visucam724 (Carl Zeiss
Meditech Inc.). Patients then underwent
optical coherence tomography (macula)
using Carl Zeiss cirrus HD-Optical Coher-
ence Tomography (OCT), and 512x128
macular cube axial scans covering an area
of 6 mmx6 mm were obtained. Center-in-
volving DME was considered to be present
based on the incidence of foveal intrareti-
nal fluid SD-OCT in association with the
clinical diagnosis of DR and concurrent ap-
propriate fluorescein angiographic findings.
The patterns of macular edema per retinal
morphology were grouped as diffuse retinal
thickening, cystoid macular edema, and
serous retinal detachment.

Statistical analysis was performed using
SPSS Version 21.0 0 statistical Analysis
Software. The values are represented in
number (%) and mean+SD. p<0.05 was
considered significant, and p<0.001 as very
highly significant.
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Results

We aimed to find the correlation of different
patterns of DME with the different types of
anti-diabetic regimens for which we included
680 eyes of 340 subjects.

The mean age of patients was 52.0+9.67
years. Most of the patients (55.3%) were
women. The duration of diabetes ranged
from 1 to 15 years. HbA ¢ Values ranged
from 6% to 14% (8.3%=1.2%). Mean fast-
ing and postprandial blood glucose levels
were 109.9+36.24 mg/dL and 174.1+45.6
mg/dL, respectively. Out of the 680 eyes of
340 patients, there were 598 (87.9%) with
normal vision, 71 (10.4%) with low vision,
and 11 (1.6%) with social blindness (vision
3/60 or diminution of the field of vision to
10°). No patients had economic blindness
(inability of a person to count fingers from a
distance of 6 m or 20 feet). Fifty-eight eyes
(8.5%) showed DR. OCT measurements
could not be performed in 6 eyes because of
poor scan. The central subfield thickness of
macula on OCT ranged from 106 um to 468
pm (mean=238.81+39.94 um). The mean
cube average thickness was 263.41+27.34

um. Seventy-two eyes (10.7%) showed
macular thickening followed by cystoid mac-
ular edema (n=20; 3%) and serous retinal
detachment (n=6; 0.9%). Twelve eyes
(1.8%) had clinically significant macular
edema ( Table 1).

The majority of patients were on dual ther-
apy taking metformin in combination with
one other anti-diabetic = medication
(58.25%), followed by those on metformin
alone (monotherapy) (26.2%) and triple
therapy (metformin+2 other anti-diabetic
medications) (17.1%).

Among patients receiving dual therapy, most
(n=59) were receiving the combination Met-
formin+Sulfonylureas (M+S), followed by
Metformin+DPP4 inhibitors (M+D) (n=53),
Metformin+Thiazolidinediones (M+T)
(n=38), Metformin+insulin (M+l) (n=28),
and Metformin+Alpha glucosidase inhibitor
(M+A) (n=20). Thus, overall, five combina-
tions were used.

Among patients receiving triple therapy,
most (n=21) were receiving Metformin+Thi-
azolidinediones+Insulin (M+T+1), followed
by Metformin+Suplhonylurea+Alpha glu-

Table 1. Demographic profile and characteristics of the study population (n=340).

SN Characteristic
1. Mean age+SD (range) in years
2. Gender Gender (n=340)
Male
Female
3. Diabetic retinopathy (n=680)
Present
NPDR
PDR
Absent
4. Visual acuity (n=680)
6/6-6/18
<6/18-6/60
<6/60-NPL
<3/60-PI denied
5 Macular edema (n=674)
Serous retinal detachment
Diffuse macular thickening

Cystoid macular edema

6. Clinically significant macular edema (n=674)

Statistic
52.00+9.67 (35-76)

154 (44.9%)
186 (55.3%)

58 (8.5%)
54
04
622

598 (87.9%)
71 (10.4%)
0
11 (1.6%)
72 (10.7%)
6 (0.9%)
46 (6.8%)
20 (3%)
12 (1.8%)

SN: Serial number; SD: Standard deviation; NPDR: Non proliferative diabetic retinopathy; PDR: Proliferative diabetic retinopath
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cosidase inhibitor (M+S+A) (n=11), Met-
formin+Sulfonylurea+Insulin (M+S+I)
(n=9), Metformin+Alpha glucosidase in-
hibitor+DPP4 inhibitor (M+A+D) (n=7),
Metformin+Sulfonylurea+Dipeptidyl Pepti-
dase 4 (DPP4) inhibitor (M+S+D) (n=5),
Metformin+Sulfonylurea+Thiazolidinediones
(M+S+T) (n=4), and Metformin+Thiazo-
lidinediones+Alpha glycosidase inhibitor
(M+T+A) (n=1). Thus, overall, 7 combina-
tions were used ( Table 2 ).

Irrespective of therapy, diffuse retinal thick-
ening was the dominant type. Although the
proportion of cystoid macular edema was
higher in mono and triple therapy groups
than in the dual therapy group, this differ-
ence was not statistically significant
(p=0.110) ( Table 3).

Irrespective of dual therapy regimen, diffuse

Table 2. Distribution of anti-diabetic treatment regimens (n=340).

retinal thickening was most common. Sta-
tistically, there was no significant association
between the pattern of edema and dual
therapy regimen (p=0.685). Except for
M+T+l and M+T+A, diffuse retinal thicken-
ing was the most common type for all the
other triple therapy regimens. For M+T+l,
cystoid macular edema was most common,
whereas the lone edematous case of M+T+A
was of serous type; however, the difference
among different triple therapy regimens was
not statistically significant (p=0.053) (

4).

Table

Discussion

Diabetes mellitus is a metabolic disorder of
multiple etiologies. The long term effects of

diabetes mellitus, besides systemic effects,
include the progressive development of

SN Treatment modality Number %

1. Monotherapy (metformin) 84 24.7

2. Dual therapy 198 58.2
M+T (Metformin+Thiazolidinediones) 38 11.2
M+A (Metformin+Alpha glucosidase inhibitor) 20 5.9
M+D (Metformin+DPP4-inhibitors) 53 15.6
M+l (Metformin+Insulin) 28 8.2
M+S (Metformin+Suliphonylureas) 59 17.4

3. Triple therapy 58 17.1
M+S+T (Metformin+Sulfonylurea+Thiazolidinediones) 1.2
M+A+D (Metformin+Alpha glucosidase inhibitor+DPP4 inhibitor) 7 2.1
M+S+A (Metformin+Suplhonylurea+Alpha glucosidase inhibitor) 11 3.2
M+S+1 (Metformin+Sulfonylurea+Insulin) 9 2.6
M+T+I (Metformin+Thiazolidinediones+Insulin) 21 6.2
M+S+D (Metformin+Sulponylurea+DPP4 inhibitor) 5 1.5
M+T+A (Metformin+Thiazolidinediones+Alpha glycosidase inhibitor) 1 0.3

Table 3. Association between the pattern of macular edema and therapy (n=72).

Monotherapy Dual therapy Triple therapy Total
(n=19) (n=29) (n=24) (n=72)
Pattern No. % No. % No. % No. %
Serous retinal detachment 0 0 4 13.8 2 8.3 6 8.3
Diffuse retinal thickening 13 68.4 21 72.4 12 50.0 46 63.9
Cystoid macular edema 6 31.6 4 13.8 10 41.7 20 27.8

x2=7.54 (df=4); p=0.110 (percentages have been calculated column wise).
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Table 4. Pattern of edema by different multi therapies.

73.3

100

100

100

66.7

30.8

Pattern

Therapy Serous (n=4) Diffuse (n=21)
Dual therapy No. % No. %
M+T 3 20.0 11
M+A 0 0.0 1 50.0
M+D 0 0.0 1
M+l 1 12.5 5 62.5
M+S 0 0.0 3

Serous (n=2) Diffuse (n=12)
Triple therapy No. % No. %
M+S+T 0 0.0 3
M+A+D 0 0.0 2 66.7
M+S+A 0 0.0 2
M+S+| 0 0.0 1 100
M+T+I 1 7.7 4
M+T+A 1 100 0 0.0

Cystoid (n=4) Total (n=29)
No. % Statistics
1 6.7 15 x%=5.66 (df=
p=0.685
1 50.0 2
0 0.0 1
2 25.0 8
0 0.0 3
Cystoid (n=10)
No. % Total (n=24)
0 0.0 3 x>=18.1 (df=10);
p=0.053
1 33.3 3
1 33.3 3
0 0.0 1
8 61.5 13
0 0.0 1

8);

M: Metformin; T: Thiazolidinediones; A: Alpha glucosidase inhibitor; D: DPP4; I: Insulin; S: Sulfonylurea.

retinopathy with potential blindness ( 8). The
total number of people with diabetes is ex-
pected to rise to an estimated 300 million by
2025, with the most significant increases oc-
curring in developing countries, probably at-
tributed to population growth, ageing,
obesity, and sedentary lifestyles. DME is a
vision-threatening complication of diabetic
microangiopathy, which demands urgent
treatment. The SN-DREAMS ( 9) study found
that the chances of DME increase at the fifth

and sixth decades of life and taper there-
after. OCT is a noninvasive, reproducible,
and reliable method to evaluate macular
thickness ( 10,11 ). Several authors have
studied the possibility of OCT for the early
diagnosis of ME and have suggested criteria

to detect so-called subclinical macular
edema. Among anti-diabetic medications,
thiazolidineiones ( 12-14 ) and insulin
(3,4,5,15 ) have been implicated in the rise

of macular thickness, which may be due to

the side effect of drugs or due to its role pro-
gression of retinopathy. However, the evi-
dence obtained is not conclusive. Other
anti-diabetic medications like DPP4 in-
hibitors (vildagliptin) ( 16-18 ) and gliben-
clamide and glicazide ( 19) have shown to
possess a potential role against DR in obese

diabetic rats; however, human studies using
these medications have not been conducted
as yet.

Various studies have speculated the role of
anti-diabetic medications in the develop-
ment of macular edema, but, to the best of
our knowledge, there is no available litera-
ture regarding the association of type of
macular edema with the use of anti-diabetic
medications.

In our study, most of the patients were
women (55.3%). The diabetic profile of pa-
tients revealed that the duration of diabetes
was <1 year (59.10%), showing that a fairly
large amount of patients had been recently
diagnosed, irrespective of their awareness
of disease status. The mean HbA 1.
8.3%=1.2% (6%-14%), representing a fair
glycemic control in the study population.
Intensive glycemic control was associated
with 46% reduction in the incidence of DME
at the end of trial, and a 58% reduction in
four years later compared with the conven-
tional group. Diabetes Control and Compli-
cations Trial (DCCT) reported incentive
glycemic control progression of existing DR
(65 " year treatment). Aggressive glycemic
control (<6.5%) did not reduce DR risk and
ME. Intensive glycemic control has a meta-

was
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bolic memory, whereby there is low risk of
DR/DME progression after 10 years of anti-
diabetic therapy (DCCT), but our study did
not have many patients with a duration of
diabetes mellitus>10 years, but they had
fairly controlled HbAlc levels. However, the
duration of treatment was not known.

In our study, most of the patients were on
dual therapy: metformin+OHA (58.2%), fol-
lowed by monotherapy (metformin) and
triple therapy (metformin+OHA1+OHA2)
(6.2%), depicting a study population con-
taining many patients who were not achiev-
ing glycemic target even after lifestyle
modification and metformin monotherapy
for a duration of 3 months (American Dia-
betes Association), or had a fairly disturbed
blood sugar profile on the first diagnosis.
Next in the majority were those patients
who were fairly controlled on metformin
alone and had been taking the drug for
months, irrespective of previous treatment.
In addition, these patients were free of con-
traindications for metformin therapy. The
number of patients on a triple drug regimen
to achieve glycemic targets was very small.
In our study, out of the 680 eyes of 340 pa-
tients, 594 eyes (92.5%) had no DR. The low
prevalence of DR could be attributed to the
fact that the study population was largely
metabolically stable with a duration of dia-
betes <5 years in many patients with a fair
glycemic control. Out of 340 patients, 72 pa-
tients had macular edema and 46 patients
(63.9%) of them showed diffuse retinal
thickening regardless of their anti-diabetic
regimen. Jingi et al. evaluated the presence
of macular edema in patients on various anti-
diabetic medications and found that irrespec-
tive of staging, the frequency of DME was
significantly higher in the insulin group than
in the OHA group (43.5% vs. 19.8%;
OR=3.1; 95% CI=1.2 to 8; p=0.019).

We evaluated the association between the
pattern of macular edema and the type of
anti-diabetic therapy taken by the patients
having DME. Irrespective of the type of ther-
apy, diffuse retinal thickening was most
common in all anti-diabetic therapy groups.
Overall, diffuse retinal thickening was ob-
served in 19 patients on monotherapy
(68.4%), 21 (72.4%) on dual therapy, and
12 (50%) on triple therapy. However, cystoid
macular edema was common in monother-

apy and triple therapy groups than in the
dual therapy group, but the difference was
not statistically significant. Among dual ther-
apy subgroups, out of 29 eyes, diffuse reti-
nal thickening was most common and most
eyes were of patients on M+S (100%) and
M+D (100%), followed by M+T (73.33%)
and M+l (62.5%), but the difference was not
statistically significant. Among triple therapy
subgroups, the M+T+I subgroup had cystoid
macular edema and the M+T+A subgroup
had serous retinal detachment as the most
common patterns of macular edema, but the
difference was not statistically significant.
Previous studies have shown that insulin
treatment is a risk factor for DME. Aroca et
al. ( 20) observed that insulin use was a risk
factor for focal and diffuse DME in a 4-year
prospective study, including 93 Type 2 dia-
betes mellitus patients.

Within the subgroups of 3 anti-diabetic ther-
apy groups, no statistically significant pat-
tern was associated with the type of
anti-diabetic therapy. However, those on the
triple combination showed more cystoid and
serous retinal detachment (SRD) patterns,
hinting at the presence of moderate to se-
vere macular edema; however, the exact
duration of treatment was not known. Jingi
et al. ( 21) reported that out of the patients
who had developed macular edema, major-
ity of them were on insulin therapy (43.5%)
compared with those on OHAs (19.8%). On
comparing the severity of macular edema
with the type of anti-diabetic regimen, the
authors found that in all the subgroups, the
number of patients on insulin therapy out-
numbered the patients on OHA, where 8.7%
of the patients on insulin developed severe
macular edema compared with only 2.7% of
the patients on OHAs.

Various studies have assessed the effect of
anti-diabetic medications on the develop-
ment of macular edema. Ryan et al. ( 14) re-
ported the incidence of worsening of
macular edema to be 1.5%-2.6%, detected
using FFA alone. About 63% of their patients
had DME in at least one eye. Among OHAs,
Liazos et al., Oshitari et al., Fong et al., Tatti
et al., and Agarwal et al. reported a positive
association of macular edema with glita-
zones, but none of these authors studied the
type of macular edema in relation to the
anti-diabetic regimen. However, regardless
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of the anti-diabetic regimen, diffuse retinal
thickening was the most common pattern of
DME in the previous studies ( 22-24 ).
The diffuse thickening pattern of macular
edema represents the initial stage of macu-
lar edema formation, which may slowly
progress to severe visual impairment even-
tually giving rise to other patterns of macu-
lar edema. Thus, this pattern of macular
edema, which was present in the majority of
our study population, represented the early
stage of macular edema formation.
Although various studies have examined the
role of oral hypoglycemics and insulin in the
development of macular edema, to the best
of our knowledge, no study has examined
the correlation of various anti-diabetic regi-
mens and different types of DME.

Conclusion

We conclude that the most common form of
macular edema is diffuse retinal thickening,
irrespective of the type and regimen of anti-
diabetic therapy. An increase in the cystoid
macular edema was observed among pa-
tients on triple therapy, including insulin.
With a difference in the pattern of macular
edema, the treatment modalities for the
pattern might vary; hence, we must evalu-
ate patients for the different types of edema
due to ongoing anti-diabetic treatments.
Changes are required in the currently avail-
able treatment options for diabetes to avoid
the vicious cycle set up by certain anti-dia-
betic medications. Further studies regarding
this concern involving a larger population
size need to be conducted for in-depth un-
derstanding of this association.
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Abstract

Objective:  Various diet plans with varying ratios of carbohyd-
rates, proteins, and fat ensure weight loss in obesity. The pri-

mary aim of our study was to evaluate the effects of weight loss

on metabolic parameters, and the secondary aim was to com-

pare the successes of various weight loss regimens in maintai-

ning weight loss.  Material and Methods: A team of doctors
comprising a dietary consultant and a psychologist developed a
program that was followed throughout our study. Twenty-two
patients were included in our study. Based on their preference,

they were classified into two groups: low carbohydrate diet (At-

kins) group and protein-rich mixed diet group. Results:  The
mean age of the patients was 52.4+3 years, and the mean body

mass index (BMI) was 36.1+1.2 kg/m 2. Five patients followed
the Atkins diet, whereas 17 followed the protein-rich mixed diet.
Compared with the baseline values, in the 3 d 6t and 12 *
months, body weight (BW), BMI, and waist circumference dec-
reased significantly (p<0.001) in all the patients. Basal meta-

bolic rate decreased in the third and sixth months but increased

in the 12 ™. Fasting blood glucose, fasting insulin, HbAlc, 120-
minute blood glucose level in oral glucose tolerance test, total
cholesterol, low-density lipoprotein, free fatty acids, and uric

acid did not change significantly (p>0.05). In the Atkins group,

BMI decreased significantly in the 6 " month (p=0.03) but in-
creased in the 12 ™ month (p=0.29). In the protein-rich mixed

diet group, BMI (basal 35.1+1.5 kg/m 2) decreased significantly
(32.8+1.5, p<0.001) in the 6 " month, and continued to dec-
rease in the twelfth (31.5+1.2, p=0.007). Conclusion:  In obe-
sity, approximately 10% weight loss can change metabolic
parameters moderately. The Atkins and protein-rich mixed diets
caused similar weight loss ratios in the first six months, but a
protein-rich mixed diet was more successful in terms of long-

term sustainability and maintenance of weight loss.

Ozet

Amag: De d fen karbonhidrat, protein ve ya eoranlar &a sahip
diyet rejimleri obezitede kilo kayb tosa dar. Cal 6fmam & bi-
rinciamac @ kilo kayb @& metabolik parametreler Uizerindeki et-
kilerini de eerlendirmek, ikinci amac 0 ise ¢e fitli kilo kayb &
rejimlerinin kilo kayb ~ &dsurdirmedeki ba far@ar mdkar fda fta-
makt @ Gerec ve Yontemler: Caldfma boyunca doktor, diyet
dan 6fman 6 ve psikolo eu iceren bir ekip taraf &dan program
takip edildi. Yirmi iki hasta cal 6fmaya dahil edildi. Tercihlerine
gore hastalar, du  fiik karbonhidrat diyeti (Atkins) grubu ve pro-
teinden zengin karma diyet grubu olmak uzere ikiye ayr dada
Bulgular:  Hastalar & ortalamaya f652,4+3y @, ortalama beden
kitle indeksi (BK ) 36,1+1,2 idi. Hastalar & 5'i Atkins diyetini,
17’si proteinden zengin karma diyeti takip etti. Ba flang & de-
eerleriile kar  fda ftadd Gehda 3, 6 ve 12. aylarda, tim hastala-

rd vicut a edl0ed(VA), BK  ve bel ¢evresi 6nemli dlglide azald o]
(p<0,001). Bazal metabolizma h @063 ve 6. aylarda azald @
ancakl2. aydaartt & Agl & kan fekeri, ac¢l & insulini, HbAlc, oral
glukoz tolerans testinde 120. dk'da glukoz, total kolesterol,

di fuk yo eunluklu lipoprotein, serbest ya easitleri ve Urik asit
duzeylerinde anlaml  6bir de & fiklik olmad 6(p>0,05). Atkins gru-
bunda BK , 6. ayda anlaml &olarak azald 6(p=0,03), ancak 12.
ayda artt 6(p=0,29). Proteinden zengin karma diyet grubunda,

6. ayda BK (bazal 35,1+1,5 kg/m 2) anlaml & olarak azald &
(32,8+1,5; p<0,001) ve 12. ayda azalmaya devam etti
(31,5+1,2; p=0,007). Sonug: Obezitede yakla fak %10 kilo
kayb dmetabolik parametrelerde orta diizeyde de d fime neden
olabilir. Atkins ve proteinden zengin karma diyetler, ilk 6 ayda

benzer oranda kilo kayb  &a yol acar, ancak proteinden zengin
karma diyet, kilo kayb @& slrdurilmesi ve uzun dénem devam
edilimesinde daha ba fard6olmu ftur.
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