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ABSTRACT

Objective: The cytokine interleukin (IL)-6 is involved in the inflammatory response and has been linked to obesity and osteoporosis, which are
public health issues in the geriatric population.

Methods: The study included 154 patients, 109 females and 45 males over the age of 65 without any complaints, who visited the internal medicine
outpatient clinic at Bakirkéy Dr. Sadi Konuk Training and Research Hospital. Femoral neck and lumbar L1-L4 vertebra bone densitometry was
measured using dual-energy X-ray absorptiometry. Additionally, body mass index, arm and calf circumference, general laboratory parameters,
and IL-6 levels were recorded.

Results: A positive correlation was found between IL-6 levels and monocyte and C-reactive protein (CRP) levels. Furthermore, a significant
negative correlation was observed between IL-6 and albumin levels (p=0.002, p=0.000, p=0.005). However, no significant relationship was found
between IL-6 levels and obesity or osteoporosis.

Conclusion: Results showed a significant positive correlation between IL-6 levels and monocyte and CRP levels and a significant negative
correlation with albumin levels. However, no significant relationship was found between IL-6 levels and obesity or osteoporosis. Further studies
are needed to fully explain the relationship between IL-6 and these health conditions fully.
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oz

Amag: Sitokin interleukin (IL)-6, enflamatuar yanita dahil olmakta ve yash nlfusta halk sagligi sorunlarn olan obezite ve osteoporoz ile
iliskilendirilmektedir.

Gereg ve Yontem: Calismaya, Bakirkdy Dr. Sadi Konuk Egitim ve Arastirma Hastanesi i¢ hastaliklari poliklinigine bagvuran, sikayeti olmayan 65
yas Ustl 109 kadin ve 45 erkek olmak Uzere toplam 154 hasta dahil edilmistir. Femur boynu ve L1-L4 lomber vertebra kemik yogunluklar ¢ift
enerjili X-igini absorpsiyometrisi ile él¢llmustlr. Ayrica, vicut kitle indeksi, kol ve baldir cevresi, genel laboratuvar parametreleri ve IL-6 seviyeleri
kaydedilmistir.

Bulgular: IL-6 seviyeleri ile monosit ve C-reaktif protein (CRP) seviyeleri arasinda pozitif bir korelasyon bulunmustur. Ayrica, IL-6 seviyeleri ile
alblmin seviyeleri arasinda anlamli bir negatif korelasyon gézlemlenmistir (p=0,002, p=0,000, p=0,005). Bununla birlikte, IL-6 seviyeleri ile obezite
veya osteoporoz arasinda anlamli bir iliski saptanmamistir.

Sonug: Sonuglar, IL-6 seviyeleri ile monosit ve CRP seviyeleri arasinda anlamli bir pozitif korelasyon ve albimin seviyeleri ile anlamli bir negatif
korelasyon oldugunu gdstermistir. Ancak, IL-6 seviyeleri ile obezite veya osteoporoz arasinda anlamli bir iliski bulunamamigtir. IL-6 ve bu saglik
kosullar arasindaki iliskiyi tam olarak agiklamak icin daha fazla ¢alismaya ihtiyag vardir.
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INTRODUCTION

Interleukin (IL)-6 is an essential cytokine involved in the
systemic inflammatory response. IL-6 released from different
cells is a critical stimulator in the hypothalamic-pituitary-
adrenal axis and plays a notable role in the acute phase
response. Itisthe leading procoagulantand proinflammatory
cytokine. It effectively differentiates between B cells and
processes or conditions such as inflammatory diseases,
hematopoiesis, and oncogenesis (1-3).

The World Health Organization (WHO) defines the geriatric
population as those aged 65 and over. As people age, even
if they are completely healthy and functional, an increase in
IL-6 and C-reactive protein (CRP) levels is observed, which is
characterized by a mild pro-inflammatory state (4).

Malnutrition is defined as a condition caused by an
imbalanced or insufficient diet, encompassing both
undernutrition and overnutrition. In addition to cachexia
and sarcopenia, obesity is included in the definition of
malnutrition (5,6).

Obesity is a chronic inflammatory condition that causes
an increase in inflammatory cytokines such as IL-6, tumour
necrosis factor alpha (TNF alpha), and CRP. It is a substantial
health problem that increases significantly in the older age
group (7-9).

Increased IL-6 can cause thrombocytosis in lung,
gastrointestinal, ovarian, breast, and lymphoma cancer.
Similarly, increased IL-6 may lead to granulocytosis in lung,
gastrointestinal, ovarian, genitourinary, and non-Hodgkin

lymphoma (10).

METHODS

A total of 154 patients from the senior population were
included in the study. Patients admitted to the internal
medicine outpatient clinic of Bakirkdy Dr. Sadi Konuk
Training and Research Hospital in 2022 for routine control
without any complaints were evaluated prospectively. The
ethics committee of the same hospital approved the study
with the ethics committee number 2022/10-15. Informed
consent was obtained from the patients before the study.

Body mass index (BMI) was calculated as weight/height
squared. According to the criteria of the WHO, based on
BMI, those between 0-18.4 kg/m? were as “thin”, those
between 18.5 and 24.9 kg/m? were “normal”, those 25-29.9
kg/m? were “overweight”, and those >30 kg/m? “obese”
evaluated.

To evaluate osteoporosis, bone density of the femoral
neck and L1-L4 lumbar vertebrae was measured using

dual-energy X-ray (DEXA) absorptiometry. T-score ranges
between -1 and 1 were considered “normal”, between -1
and-2.5were “osteopenic”, and below-2.5 were considered
"osteoporotic”.

The calf circumference was measured from the widest
part of the calf, and the upper arm circumference was
measured based on the midpoint between the shoulder
and elbow using a tape measure. In the upper middle
arm circumference measurement in the non-dominant
arm, values between 23.5 cm and 32 cm were “normal”,
<23.5 cm "low”, and >32 cm "“high”. In the context of calf
circumference measurement, below 31 cm was considered
“low”. A calf circumference of <31 cm was considered an
indicator of malnutrition.

Comorbid diseases such as diabetes mellitus (DM),
hypertension, congestive heart failure, chronic kidney
damage, and medications used by all patients included in
the study were recorded.

Patients with a diagnosis of Alzheimers, dementia,
Parkinson’s, active infection, malignancy, and those with
osteoporosis-related fractures at any time were excluded
from the study.

Laboratory Analysis

Collected blood samples were separated to obtain serum
within 2 hours and kept in a freezer at -80 degrees until
analysis.

The serum IL-6 concentration was measured by the
chemiluminescence-immunoassay methodinthe Roche USA
analyzer, and the minimum measurable concentration was
one pg/mL. In our hospital, all biochemistry examinations
were performed on the Cobas 800 Roche ABD device, and
hemogram examinations were performed on the Mindray
Cal 8000 device.

Statistical Analysis

Descriptive statistics were presented with mean, standard
deviation (SD), median, and minimum-maximum values
for continuous data and numbers and percentages for
categorical data. The conformity of continuous data to
normal distribution was evaluated by Kolmogorov-Smirnov
and Shapiro-Wilk tests. In data that do not comply with the
normal distribution, the Mann-Whitney U test was used to
compare two groups, and the Kruskal-Wallis test was used
to compare more than two groups. Spearman’s correlation
analysis was employed to evaluate the relationships
between numerical variables. The study considered a
statistical significance level of p<0.05. The IBM SPSS 21.0
package program was used for statistical analysis.
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RESULTS

This study included 154 patients over the age of 65 who
were admitted to the internal medicine outpatient clinic
for routine control without any complaints. 70.8% (n=109)
of the patients were female, and 29.2% (n=45) were male.
The age range was between 65 and 89. The mean age was
71.56 (SD=5.11).

Of the patients, 47.4% (n=73) had DM; 66.9% (n=103) had
hypertension; 14.9% (n=23) had coronary artery disease;
5.8% (n=9) had congestive heart failure; 3.2% (n=5) had
chronic kidney damage; 1.3% (n=2) had cerebrovascular
damage; and 11.7% (n=18) had hypothyroidism.

Among the patients, %37 (n=57) use angiotensin-converting
enzyme inhibitor or angiotensin two receptor blocker, 14.3%
(n=22) use beta-blocker, 15.6% (n=24) use calcium channel
blocker, 13% (n=20) use acetylsalicylic acid, 2.6% (n=4) use
alpha-blocker, 1.3% (n=2) use gliclazide, 36.4% (n=56) use
metformin, 16.9% (n=26) use dipeptidyl peptidase four
inhibitor, 5.8% (n=9) use sodium-glucose co-transporter 2
(SGLT2) inhibitor, 11% (n=17) use insulin, 8.4% (n=13) use
levothyroxine, 3.2% (n=5) use selective serotonin reuptake
inhibitor/serotonin  (SSRI),  norepinephrine  reuptake
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inhibitor (SNRI), 24.7% (n=38) use proton pump inhibitor,
18.8% (n=29) use statin, 20.8% (n=32) use thiazide diuretic,
2.6% (n=4) use furosemide, 0% 6 (n=1) used spironolactone.

When body mass indices are evaluated, the average BMI is
29.01+4.63 kg/m?. The mean arm circumference measured
was 28.44 (SD=3.36) cm, and the mean calf circumference
was 36.14 (SD=3.76) cm. A statistically significant, positive,
and strong correlation was found between arm and calf
circumference, r=0.666, p=0.000. A statistically significant
positive and robust correlation was found between arm
circumference and BMI (r=0.799) (p=0.000). A similarly
substantial, positive, and strong correlation was found
between calf circumference and BMI (r=0.655, p=0.000)
(Table 1).

Considering the laboratory parameters, of the patients,
mean glucose was 128.24 (SD=52.96) mg/dL, mean
creatinine was 0.85 (SD=0.22) mg/dL, mean albumin was
4.6 (SD=0.34), mean protein was 7.23 (SD=0.44) g/dL,
mean low-density lipoprotein (LDL) cholesterol was 118.03
(SD=39.82) mg/dL, mean high-density lipoproteins (HDL)
cholesterol was 52.65 (SD=13.23) mg/dL, mean triglyceride
was 148.06 (SD=76.31) mg/dL, mean transferrin was 3.45

Table 1. The relationship between IL-6 and biochemical parameters (Spearman correlation analysis was used r: correlation coefficient n:

number of individuals)

Calf circumference IL- 6 BMI Monocyte Transferrin Albumin CRP
Arm circumference r 0.666 0.095 0.799 -0.085 0.155 0.027 0.141
P 0.000 0.242 0.000 0.294 0.055 0.738 0.082
154 154 154 154 154 154 154
Calf circumference r 0.079 0.655 -0.039 0.028 -0.058 0.110
o 0.328 0.000 0.634 0.735 0.478 0.175
154 154 154 154 154 154
IL-6 level r 0.126 0.254 0.059 -0.227 0.586
P 0.121 0.002 0.465 0.005 0.000
n 154 154 154 154 154
r -0.131 0.244 -0.048 0.175
BMI p 0.107 0.002 0.553 0.03
n 154 154 154 154
Monocyte r -0.109 -0.090 0.382
P 0.180 0.267 0.000
n 154 154 154
Transferrin i 0072 0.046
P 0.374 0.570
n 154 154
Albumin r 0172
o 0.033
n 154

IL: Interleukin, BMI: Body mass index, CRP: C-reactive protein
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(SD=5.79) g/L, mean ferritin was 83.96 (SD=107.35) pg/ dL,
mean vitamin B12 was 432.78 (SD=299.54), mean CRP was
5.39 (SD=9.94) mg/L, mean alanine transferase (ALT), was
17.46 (SD=9.67) U/L, mean aspartate transferase (AST) was
19.24 (SD=6.99) U/L, mean alkaline phosphatase (ALP) was
81.06 (SD=25.08) U/L, mean lactate dehydrogenase (LDH)
was 192.07 (SD=40.12) U/L, mean total leukocyte count
was 7455 (SD=2300)/mm?3, mean hemoglobin was 13.39
hematocrit was 42.78% (SD=32.45), mean neutrophil count
(SD=1.60) g/dL, mean was 4550 (SD=1813)/mm?, platelet
count was 262805 (SD=75831)/mm3, mean lymphocyte
count was 2206 (SD=745.73)/mm3, mean monocytes count
was 468.18 (SD=149.80)/mm?, mean parathyroid hormone
was 55.29 (SD=31.77) pg/mL, mean vitamin D level was
20.33 (SD=11.27) pg/L, mean IL-6 level was 3.48 (SD=5.62)
pg/mL.

There was a statistically significant, positive, and moderate
correlation between IL-6 level and the number of monocytes
(r=0.254) (p=0.002). A statistically significant negative and
weak correlation was found between IL-6 and albumin
levels (r=0.227, p=0.005). A statistically significant, positive,
and strong correlation was found between IL-6 and CRP
levels (r=0.586); (p=0.000). It was observed that there was
a statistically significant, positive, and moderate correlation
between the number of monocytes and the CRP level
(r=0.382, p=0.000). A statistically significant negative and
weak correlation was found between CRP and albumin
levels (r=0.172, p=0.033). A weak but statistically significant
positive correlation was found between BMI and CRP level
(r=0.175) (p=0.030). A positive and weak but statistically
significant correlation was found between BMI and
transferrin level (r=0.244, p=0.002) (Table 1).

According to BMI, of the patients, 0.6% (n=1) were
underweight, 21.4% (n=33) were normal weight, 35.7%
(n=55) were overweight, and 42.2% (n=66) were obese.
No statistically significant difference was found between
the albumin, transferrin, CRP, monocytes, and IL-6 levels in
obese and non-obese patients (Table 2).

Table 2. The relationship between IL-6 and obesity

When the
biochemical parameters was investigated, a statistically
significant difference was observed in ALT, LDH, ALP, and
lymphocyte levels between obese and non-obese patients.

relationship between obesity and other

ALT, LDH, ALP, and lymphocyte levels were higher in obese
patients. (respectively p=0.028; p=0.003; p=0.024; p=0.045)
(Table 3).

When the correlation between the use of the drug and BMI,
arm circumference, and calf circumference was analyzed,
the mean arm circumference of the patients SSRI/SNRI
users was 28.5 (SD=3.3) cm, SSRI/SNRI non-users were
25.2 (SD=3.4) cm. The arm circumference of the patients’
SSRI/SNRI users was significantly higher than the non-users
(p=0.042). No significant correlation was detected between
the use of other drugs and the mean arm circumference.
The mean calf circumference was 36 cm (SD=3.7) for
SGLT2 users and 38.4 cm (SD=3.3) for SGLT2 non-users
when the correlation with the mean calf circumference
was investigated. The calf circumference of patients using
SGLT2 inhibitors was significantly lower than that of SGLT2
non-users (p=0.038). No significant correlation was found
between other drugs and calf circumference. The mean BMI
of patients who were metformin users was 28.4 (SD=4.4) kg/
m?, and non-users were 30.2 (SD=4.8) kg/m?. The metformin
users had a significantly higher BMI (p=0.026). The patient
SGLT2 users’ mean BMI was 28.8 (SD=4.5) kg/m?, and the
non-users’ mean BMI was 32.6 (SD=4.9) kg/m?. The BMI of
the patients who were SGLT2 non-users was significantly
higher than that of the users (p=0.043). No relationship was
detected between the use of other drugs and BMI (Table 4).

In the bone densitometry measured with DEXA, the patients’
mean femoral neck measurement was -1.25 (SD=0.99),
and the L1-L4 vertebra measurement was -0.92 (SD=1.47).
Based on the lumbar measurements, 48.1% (n=74) of the
patients were average, 34.4% (n=53) were osteopenic, and
17.5% (n=27) were osteoporotic.

Not obese Obese Mann-
Mean Zii?:t?::\ Median  Min. Max. Mean ZZI?::;:: Median Min. Max. l/\el?tltney v p-value
Albumin 4.60 0.40 4.65 2.50 532 4.60 0.24 4.61 4.00 5.19 2689.0 0.457
Transferrin =~ 2.74 049 2.70 1.75 4.18 4.43 8.84 2.83 2.16 53.60 24095 0.077
CRP 5.68 11.99 2.00 0.00 96.00  4.99 6.19 2.00 0.52 31.00 2546.0 0.199
Monocyte  478.65 146.37 470.00  230.00 970.00 453.85 154.35 420.00 210.00 910.00 2573.0 0.242
IL-6 3.83 6.97 1.30 1.00 56.25 3.0 2.86 1.99 1.00 16.11 2643.5 0.353

IL: Interleukin, CRP: C-reactive protein, Min.: Minimum, Max.: Maximum
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Regarding the measurement of the femur neck, 33.1%
(n=51) of participants were of average density, 56.5% (n=87)
were osteopenic, and 10.4% (n=16) were osteoporotic.
No significant difference was detected between albumin,
transferrin, CRP, monocytes, and IL-6 levels of standard,
osteopenic, and osteoporotic patients when analyzed
separately according to the DEXA scans of the lumbar spine
and femoral neck.

DISCUSSION

Seventy-seven point nine percent (n=121) of the patients
included in our study had a BMI >25 kg/m?. Forty-two point
two percent (n=66) of them were in the obese category.
The presence of such a large number of obese patients,
according to BMI, among randomly selected patients in
the outpatient clinic indicated that obesity is a considerable
problem for our country in the elderly population. When
the studies in the literature are reviewed, it is seen that the
functional capacity decreases, and there is an increase in
issues such as the decrease in muscle mass and malnutrition
in the groups with BMI <25 kg/m? and BMI >35 kg/m? in
the geriatric population (11). Just as sarcopenia is a notable
public health problem in this age group, obesity is similarly
crucial.

A study found a positive and significant correlation between
serum IL-6, CRP levels, and BMI. When we investigate
other studies on this subject today, obesity is recognized
as a chronic inflammatory condition and may increase
inflammatory markers such as IL-6, TNF-alpha, and CRP
(6-9). In our study, no significant difference was detected
between the levels of albumin, transferrin, CRP, monocytes,
and IL-6 in obese and non-obese patients, contrary to
previous reports. Studies in the literature related to the
general population, compared to our senior age group
population, may have caused this difference.

Our study found a statistically significant and positive
correlation between BMI and CRP levels, a finding that is
consistent with previous literature, unlike the non-significant
relationship between obesity and CRP levels. Considering
previous studies, and as a negative acute phase reactant,
transferrin, a negative correlation between BMI and
transferrin levels would be expected. However, our study
found a significant positive correlation that deviates from
this expectation (12,13).

In a study by Jalili et al. (14), ALT, ALP, and gamma-glutamy!
transferase (GGT) levels were found to be significantly
higher in obese individuals compared to non-obese
individuals. In another study, ALT, AST, and GGT levels
were significantly higher in obese individuals. Similarly, in
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our research with the geriatric population, ALT, ALP, and
LDH levels were significantly higher in obese individuals
compared to non-obese individuals (15). It is postulated
that the observed increase in liver function tests in obese
individuals, as compared to non-obese individuals, may
be attributed to obesity being a significant constituent of
metabolic syndrome, which is known to contribute to the
development of hepatosteatosis. Moreover, consistent
with the findings of previous research, our study revealed
a statistically significant elevation in lymphocyte counts
among obese individuals when compared to their non-
obese counterparts (16).

According to studies in the literature, LDL and triglyceride
levels are significantly obese patients
compared to non-obese patients, whereas HDL levels show
no significant difference (17). Similar to the literature, no
significant difference was observed in HDL levels in our
study. However, unlike the literature, there was no significant
difference in LDL and triglyceride levels, which may be
attributed to approximately 18% (n=29) of the patients in
our study using lipid-lowering drugs in the statin group,
potentially affecting the results.

increased in

IL-6 is an essential cytokine in the development of
inflammatory responses. Previous literature has shown a
negative relationship between IL-6 and albumin, a negative
acute phase reactant. Similarly, our study found a negative
significant relationship between IL-6 levels and albumin
levels, suggesting that an increase in IL-6 levels may
contribute to malnutrition in the geriatric population by
reducing albumin levels. Our study also found a positive,
significant relationship between IL-6 and CRP levels and a
negative, significant relationship between CRP levels and
albumin levels. This suggests that IL-6 is an critical positive
acute phase reactant that can cause an increase in CRP
levels and a decrease in negative acute phase reactants
such as albumin. Monocytes are cells that increase during
inflammation and infection. Our study found a significant
positive relationship between monocyte levels and both
IL-6 and CRP levels, consistent with previous literature.

Previous studies have shown that the use of SSRI/SNRI
drugs can lead to weight gain. Similarly, our study found
that patients using SSRI/SNRI drugs had a significantly
higher arm circumference than those who did not use these
drugs. This suggests that SSRI/SNRI drugs may contribute
to weight gain in the geriatric population, particularly in
obese individuals, and should be used with caution.

Patients using SGLT2 drugs had significantly lower calf

circumferences than those who did not use these drugs.
Additionally, patients using SGLT2 and metformin had a
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significantly lower BMI than those who did not use these
drugs. This could be due to metformin’s insulin resistance-
reducing effect and the weight loss caused by SGLT2
drugs. Similar to our study, previous literature has shown a
negative significant relationship between metformin, SGLT2
inhibitors, and BMI.

According to studies in the literature, there is a significant
increase in LDL and triglyceride levels in obese patients
when compared to non-obese patients, but no significant
difference in HDL levels. In our study, similar to the literature,
no significant difference was observed in HDL levels.
However, unlike the literature, there was no significant
difference in LDL and triglyceride levels, which may be
attributed to the fact that approximately 18% (n=29) of the
patients in our study were using lipid-lowering drugs in the
statin group, which could have affected the results.

Our study found a significant positive relationship between
arm circumference and calf circumference; calf circumference
and BMI; and arm circumference and BMI. This finding is
similar to the studies in the literature and suggests that
the measurement of arm and calf circumference can be an
essential alternative to the BMI (18,19).

IL-6 is an essential cytokine in the development of the
inflammatory response. According to the literature, a
negative relationship exists between albumin, a negative
acute-phase reactant, and IL-6 (20). Similarly, our study
found a significant negative correlation between IL-6 levels
and albumin levels. Based on these findings, an increase
in IL-6 levels may contribute to malnutrition in the geriatric
population by reducing albumin levels.

Our study found a significant positive correlation between
IL-6 and CRP levels and a significant negative correlation
between CRP and albumin levels. This highlights the crucial
role of IL-6 as a significant positive acute-phase marker that
can reduce negative acute-phase reactants such as albumin
while also contributing to increased CRP levels. Monocytes,
which are cells that increase during inflammation and
infection, were also found to have a significant positive
correlation with IL-6 and CRP levels, reflecting their role as
inflammatory markers. These findings are consistent with
previous studies in the literature (21,22).

The use of SSRI/SNRI drugs has been shown to cause weight
gain in a study conducted by Gafoor et al. (23) Consistent
with these data, our study found a significant increase in
the mean arm circumference of patients taking SSRI/SNRI
drugs compared to those who did not use these drugs. This
suggests that SSRI/SNRI drugs may lead to weight gain in
the geriatric population and should be used with caution,
particularly in obese geriatric patients (23).

In individuals using SGLT2 inhibitors, the average calf
circumference was significantly lower than those who did
not use these medications. The group of patients using
SGLT?2 inhibitors and metformin had a significantly lower
BMI than those who did not. It is believed that the insulin-
sensitizing effect of metformin and the weight loss effect
of SGLT2 inhibitors contribute to this result. Similar to
these findings, the literature shows a significant negative
correlation between metformin/SGLT2 inhibitors and BMI
(24,25).

In our study, which involved femoral neck and lumbar L1-
L4 vertebrae bone density measurements using DEXA in a
geriatric population, no significant differences were found
between albumin, transferrin, CRP, monocyte, and IL-6
levels in normal, osteopenic, and osteoporotic groups.
However, the literature suggests a significant relationship
between increased IL-6 levels and osteoporosis, which was
not observed in our study, potentially due to limitations such
as the inclusion of only geriatric individuals, and a relatively
small sample size compared to previous studies (26,27).

CONCLUSION

Our study data revealed that obesity is a significant public
health concern, which can trigger various inflammatory
processes and increase inflammatory markers. While the
direct relationship between IL-6 and obesity remains unclear,
our study suggests that IL-6 plays a role in many indirect
inflammatory processes triggered by obesity. However, our
limited sample size, multiple comorbidities in the geriatric
population, and the use of various medications that could
limit study data have made it challenging to obtain more
precise and significant results.

Further studies are required to elucidate the relationship

between IL-6 and laboratory parameters, obesity, and
osteoporosis.
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