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Abstract

Background: Multiple myelomais a malignancy character-
ized by clonal proliferation of plasma cellsin the bone marrow.
Metabolic syndrome is known to contribute to systemic inflam-
mation and cardiovascular risk. The convergence of these two
pathological states in the same patient population raises ques-
tions about shared pathophysiological mechanisms.

Aim of Study: To assess the prevalence of Metabolic Syn-
drome among geriatric Multiple Myeloma patients and to find
possible bidirectional effects between the 2 diseases.

Patients and Methods: The study included 45 geriatric
Egyptian Multiple Myeloma patients, who were diagnosed as
Multiple Myeloma through bone marrow aspirate/biopsy. All
patients underwent geriatric assessment, comprehensive histo-
rytaking, physical examination and anthropometric measure-
ments including waist circumference, weight, height & BMI.
The following investigations were carried out: Fasting blood
glucose, HbA 1c, albumin, total protein, calcium, creatine, urea
and fasting lipid profile (TG & HDL).

Results: Nearly half of the participants met the diagnostic
criteria of Metabolic Syndrome (46.7%). Fasting blood glu-
cose, HbA 1c and triglycerideswere significantly high among
patients with metabolic syndrome (p-value 0.038, 0.019 &
<0.001 respectively). High density lipoprotein was significantly
low among patients with metabolic syndrome (p-value 0.010).
Waist circumference and triglyceride level were the most im-
portant predictors of metabolic syndrome. Significant negative
correlation was noticed between total protein and (body mass
index and waist circumference), (p-value <0.001 & 0.006 re-
spectively).

Conclusion: This study demonstrates a high prevalence of
metabolic syndrome among geriatric patients with multiple my-
eloma, with nearly half of the participants meeting diagnostic
criteria, most notably associated with increased waist circum-
ference and elevated triglyceride levels. These findings under-
score the importance of integrating metabolic assessment into
the routine care of elderly MM patients.
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Introduction

MULTIPLE myelomais part of the spectrum of
plasmacell proliferative disorders, as emphasized
in the National Comprehensive Cancer Network
(NCCN) guidelines and is characterized by the ab-
normal increase of monoclonal immunoglobulins
[12].

Historically, MM was diagnosed if clonal bone
marrow plasma cells were >10% on bone marrow
biopsy, or if a biopsy-proven plasmacytoma was
present, along with at least one of the CRAB crite-
ria: Serum calcium >0.25mmol/L (1 mg/dL) above
the upper limit of normal or >2.75mmol/L (11mg/
dL), Renal insufficiency (creatinine >2mg/dL or
creatinine clearance Smm, Anemia (hemoglobin
less than 10g/dL or hemoglobin greater than 2g/dL
below the lower limit of normal) or One or more
osteolytic bone lesions on skeletal radiography, CT,
or PET-CT often described as punched-out, round,
radiolucent lesions [3]. In 2014, the diagnostic crite-
riafor myeloma were expanded to include three ad-
ditional biomarkers associated with near-inevitable
progression to end-organ damage. Thisled to anew
acronym, SLiM CRAB. The“S’ in SLiM stands for
60% or higher bone marrow plasma cells that are
clonal. The“Li” standsfor light-chain ratio, with an
involved:uninvolved serum-free light-chain ratio of
100 or more. And the“M” in SLiM stands for MRI,
meaning more than one focal bone lesion on MRI.
Accordingly, if anindividual with 10% or more
clonal plasma cells meets any of the SLiM CRAB
criteria, that person, by definition, has multiple
myeloma [4,5]. The initial therapy of patients with
symptomatic MM depends on risk stratification of
the MM, the patient’ s eligibility for autologous he-
matopoietic stem cell transplantation (HCT), and an
assessment of the patient’ s pre-existing comorbidi-
ties [6]. Numerous combinations of chemotherapy,
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targeted small molecule inhibitors, and monoclonal
antibodies have been developed to use in treatment
in multiple myeloma 7).

MM typically affects older adults, presenting
with arange of constitutional symptoms and on top
of them metabolic syndrome [5]. Metabolic syn-
drome (syndrome X, insulin resistance) is a multi-
factorial disease with multiple risk factors that aris-
es from insulin resistance accompanying abnormal
adipose deposition and function [8,9] . Hypertension,
Impaired glucose metabolism, dyslipidemia and
central obesity are the hallmark of this metabolic
disturbance [10]. The MetS also encompasses ad-
ditional conditions as: Impaired kidney function,
hepatic steatosis, obstructive sleep apnoea, heart
failure with preserved gjection fraction, polycystic
ovary syndrome, chronic inflammation, sympathet-
ic activation and hyperuricaemia [11] .

The mgjority of MM patients are diagnosed be-
tween the ages of 65 and 74 years, and they fre-
guently present with comorbid conditions, many of
which include components of metabolic syndrome.
Observational studies have identified an increased
risk of developing MM among obese individuals
(BMI between 28 and 31) and those with diabe-
tes [12]. Hyperlipidaemiais another component of
the Metabolic Syndrome and has been reported in
patients with MGUS and MM, particularly the im-
munoglobulin (1g)-A subtype [13]. Also, treatment
of MM, including steroid therapy, chemotherapy,
and bone marrow transplant, may exacerbate the
features of metabolic syndrome, which is character-
ized by hyperglycemia, hypertension, dyslipidemia,
and obesity. However, even prior to the initiation
of steroid therapy, the prevalence of hypertension
in MM patientsis reported to be between 38% and
47% [12].

Accordingly, we carried out this observational
study in Egypt, to assess prevalence of metabolic
syndrome in MM patients, particularly among the
geriatric population.

Patients and Methods

Our study is an observational cross-sectional
analytical study which was carried over a duration
from August/2024 till January/2025. The study in-
cluded 45 Multiple Myeloma cases, who were con-
secutively recruited from internal medicine wards
or internal medicine & hematology clinics, Cairo-
University Hospital. Patients had an established
diagnosis of MM through bone marrow aspirate/
biopsy. The study population was geriatric Multiple
Myeloma popul ation which is defined as individu-
als aged 65 years and older [14].

Inclusion criteriawere multiple myeloma pa-
tients above age of 65 and exclusion criteriawere
multiple myeloma patients below the age of 65, with

secondary hypertension, type 1 diabetes, secondary
or drug induced diabetes, cardiovascular disease
secondary to rheumatic heart disease or congenital
heart disease or presence of other malignancies.

Following the approval by the Institutional Re-
view Board and Ethical Committee at Cairo Uni-
versity on 4.8.2024 with the acceptance code MS-
245-2024, patients meeting inclusion and exclusion
criteria were consecutively recruited into the study
till desired number was reached. Informed consent
was obtained from all participants. All included ger-
iatric patients underwent geriatric history taking and
geriatric assessment viathe geriatric sheet. Compre-
hensive history-taking including Age, Diagnosis by
myeloma, Duration of diabetes and/or hypertension
were all noted. Physical examination was done to
al patients including Blood pressure measurement,
Waist circumference, Weight, Height and BMI.

According to guidelines from the National
Heart, Lung, and Blood Institute (NHLBI) and the
American Heart Association (AHA): Hypertension
is diagnosed when blood pressure >_140/90mm Hg
[15]. BMI is defined as weight in kilggrams divid-
ed by height in meters squared (kg/m™). A BMI be-
tween 25 and 30 is considered overweight, and a
BMI >30 is considered obese [16] . The recommend-
ed waist circumference thresholds for increased
cardiometabolic risk is 40 inches (102cm) in men
and 35 inches (88cm) in women; these cutoff values
were derived from waist circumfeyence values that
correlated with aBMI of 30 kg/m™ or greater [17].

The following investigations were carried out:
Fasting blood glucose, HbA1c, Albumin, Tota Pro-
tein, Total calcium, Creatine, Urea, Fasting Lipid
Profile. According to ADA guidelines, the patient
is considered to have dydlipidemiaif Triglycerides
»>_150mg/dL HDL-C <40mg/dL in men or <50mg/
dL in women [18]. Prediabetes is considered when
fasting blood glucose is (100-125) & HbA1c rang-
ing from 5.7% to 6.4 % and patient is considered di-
abetic when fasting blood glucose is 126 or higher,
& hbAlc 6.5 % or higher [19].

According to guidelines from the National Heart,
Lung, and Blood Institute (NHLBI) and the Ameri-
can Heart Association (AHA), metabolic syndrome
is diagnosed when a patient has at least 3 of the
following 5 conditions: Fasting glucose >_100mg/
dL (or receiving drug therapy for hyperglycemia),
Blood pressure>_130/85mm Hg (or receiving drug
therapy for hypertension), Triglycerides >_150mg/
dL (or receiving drug therapy for hypertriglyceri-
demia), HDL-C <40mg/dL in men or <50mg/dL
in women (or receiving drug therapy for reduced
HDL-C), Waist circumference »>_102cm (40in) in
men or>_88cm (35 in) in women [10] .

Multiple Myeloma was proven by bone mar-
row aspirate & biopsy. Asoutlined in the 2021 up-
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dates to the International Myeloma Working Group
(IMWG,) criteria, bone marrow morphology typi-
cally includes the following:

1- Plasma Cdll Infiltration: Bone marrow biop-
sy shows more than 10% plasma cells (though plas-
ma cells below 10% can aso be present in some
patients, especially in early or smoldering disease).
Plasma cells may be monoclonal, meaning they are
al of the same type and often show clonal prolifer-
ation[20].

2- Plasma Cell Morphology: Plasma cells may
exhibit abnormal morphology, such as: Basophilic
cytoplasm and eccentric nuclei, Increased cytoplas-
mic granularity or prominent nucleoli, bizarre forms
or multi-nucleation in some cases[21].

3- Clonality: Thereis usually evidence of mon-
oclonal expansion of plasma cells, confirmed by
immunohistochemistry (IHC) or flow cytometry,
which identifies a dominant clone of plasmacells
(e.g., al expressing the same immunoglobulin light
chain) [22].

4- Bone Marrow Architecture: The normal bone
marrow architecture may be disrupted by the infil-
tration of abnormal plasma cells. This disruption
can manifest as hypercellularity (increased plasma
cells) or, in advanced disease, hypocellularity (due
to marrow fibrosis or suppression of normal he-
matopoiesis) [23].

5- Bone Marrow Plasma Cell Ratio: Thereis
often a shift in the bone marrow plasma cell com-
position with increased presence of abnormal or im-
mature plasma cells (e.g., plasmablasts or plasma
cell precursors).

The presence of monoclona immunoglobulinin
the blood or urine (detected by serum protein elec-
trophoresis or urine protein electrophoresis) and ev-
idence of organ damage (such as lytic bone lesions,
renal impairment, or hypercalcemia) are also key to
the diagnosis of multiple myelomain conjunction
with bone marrow findings. These bone marrow
features, along with clinical signs and laboratory
results (such as the monoclonal proteinin blood or
urine), help in confirming the diagnosis of multiple
myelomaf24].

Results

Among our 45 Multiple Myeloma patients near
half of cases were females (44.4%). Mean age was
70+4 ranging from (65-77) year. Average body
mass index was 28.3+3.7 and average waist circum-
ference was110.9+14.2 (Table 1).

Table (2) showsthat, near half of the patients
had metabolic syndrome (46.7%). Average systolic
blood pressure was 129.3+11.3 and average diastol -
ic blood pressure was 79.6+8.2.
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Table (1): Distribution of demographic datain the studied

group.
n=45 (%)
Sex:
Female 20 (44.4)
Male 25 (55.6)
Mean = SD
Age 704
Body mass index (Kg/mz) 28.3+3.7
Waist circumference (Cm) 110.9+14.2
SD: Standard deviation.
44.4%
55.6%
Female Male

Fig. (1): Pie graph representing gender distribution of the
patients.

Table (2): Clinical data of the patients.

n=45 (%)
Metabolic syndrome:
Yes 21 (46.7)
No 24 (53.3)
Mean + SD
Systalic blood pressure (mmHg) 129.3+11.3
Diastolic blood pressure (mmHg) 79.618.2
SD: Standard deviation.
46.7%

53.3%

Metabolic syndrome (Y es)

Metabbolic syndrome (No)

Fig. (2): Pie graph representing prevalence of metabolic syn-
drome among multiple myeloma patients.
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Table (3) shows values of the different labora-
tory data done for the patients to evaluate multiple
myeloma and metabolic syndrome and Fig. (3) isa
Boxplot representing laboratory data of the multiple
myeloma patients.

Table (3): Laboratory data of the patients.

Mean = SD
Fasting blood glucose (mg/dL) 100+28.5
HbA1C (%) 6.5+1.1
High density lipoprotein (mg/dl) 39.9+7.5
Triglycerides (mg/dl) 138.1+36.5
Albumin (g/dl) 3.3£0.5
Total Protein (g/dl) 10.1+2.3
Calcium (mg/dl) 8.6+0.8
Urea (mg/dL) 65.7+34.9

Median (range)
Creatinine (mg/dL) 1.6 (0.8-7.2)

SD: Standard deviation.
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Fig. (3): Boxplot representing |aboratory data of the multiple
myeloma patients.

Table (4) shows that, there was no statistically
significant difference in sex and age between pa-
tients with and without metabolic syndrome (p-val-
ue 0.140 & 0.625 respectively). Body mass index
and waist circumference were significantly higher
among patients with metabolic syndrome compared
to patients without metabolic syndrome (p-value
0.037 & <0.001 respectively).

Table (4): Relation of metabolic syndrome to demographic data.

Metabolic syndrome

V
Yes No value
n=21 (%)* n=24 (%)*
Sex:
Femae 12 (60) 8 (40) 0.140
Male 9 (36) 16 (64)
Mean+SD Mean+ SD
Age 70+4 70+3 0.625
Body magss index 29.5+2.9 27.2+4.1 0.037
(Kg/m
Waist circumference  120.3+8.9 102.6+12.9 <0.001
(Cm)
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Fig. (4): Bar graph representing body mass index among pa-
tients with metabolic syndrome.
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Fig. (5): Bar graph representing waist circumference among pa-
tients with metabolic syndrome.

Table (5) shows that, (fasting blood glucose,
HbA 1c and triglycerides) were significantly high
among patients with metabolic syndrome (p-value
0.038, 0.019 & <0.001 respectively). High density
lipoprotein was significantly low among patients
with metabolic syndrome (p-value 0.010).

Table (5): Relation of metabolic syndrome to laboratory data.

Metabolic syndrome

p-
Yes No value
Mean+ SD Mean+ SD
Systalic blood 129.3+12.3 129.4+10.7 0.979
pressure (mmHg)
Diastolic blood 81.7+£8.3 77.7£7.8 0.106
pressure (mmHg)
Fasting blood 109.4432.8 91.9+21.6 0.038
glucose (mg/dL)
HbA1C (%) 7£1.2 6.2+0.8 0.019
High density 36.9+6.5 425475 0.010
lipoprotein (mg/dl)
Triglycerides(mg/dl) 160.6+£38.1 119.3+22.1  <0.001
Albumin (g/dl) 3.2+05 3.3t05 0.416
Total Protein (g/dl) 10£1.9 10.2+2.7 0.788
Calcium (mg/dl) 8.5+0.7 8.7+0.9 0.428
Urea (mg/dL) 66.2+33.4  65.3+36.8 0.936
Median Median
(Range) (Range)

Credtinine (mg/dL)  15(0.9-7.2) 1.7(0.8-32) 0.697

SD: Standard deviation.  p-value <0.05 is considered significant.

SD: Standard deviation.  p-value <0.05 is considered significant.
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Fig. (6): Bar graph representing fasting blood glucose in rela-
tion to metabolic syndrome.
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every unit increase in triglyceride level, the risk of
metabolic syndrome increases by 7%.

Table (7) shows that, there was significant neg-
ative correlation between total protein and (body
mass index and waist circumference), (p-value
<0.001 & 0.006 respectively).

No other significant correlation was found be-
tween serum calcium or creatinine and metabolic
syndrome variables.

Table (6): Shows the variables which were significant in the

stepwise logistic regression.

Variables

B SE

p- OR 95.0% CI
value

for OR

Waist circumference 0.15 0.05 0.002 1.16 1.06-1.27

(Cm)

Triglycerides
(mg/dl)

0.07 0.02 0.008 1.07 1.01-1.12

50 4

Triglycerides (mg/dL)

O I
Metabolic syndrome M etabotic syndrome
(Yes) (No)
Fig. (7): Bar graph representing triglycerides in relation to met-
abolic syndrome.

(0]

—

High density lipoprotein (mg/dL)

I
Metabolic syndrome Metabotic syndrome
(Yes) (No)
Fig. (8): Bar graph representing HDL in relation to metabolic
syndrome.

Multivariate analysis.

To measure the independent effect of al factors
that affect metabolic syndrome risk, factors which
had significant level less than 0.100 were selected
to enter into stepwise logistic regression.

The regression coefficient shows the effect of
each variable after controlling the effect of other
variablesin the model. The model shows that waist
circumference and triglyceride level were the most
important predictors of metabolic syndrome.For
every cm increase in waist circumference, the risk
of metabolic syndrome increases by 16%. Also, for

B : Regression coefficient.

SE: Standard error.

OR: Oddsratio.

Cl : Confidence interval.

Table (7): Correlation between protein with different factors.

Total Protein
(g/di) _
All factors —p- Interpretation
value
Calcium (mg/dl) 0.11 0457 Non-significant
correlation
Age -0.01 0.947 Non-significant
correlation
Systolic blood -0.01 0.995 Non-significant
pressure correlation
Diastolic blood -0.14 0.345 Non-significant
pressure (mmHg) correlation
BMI (Kg/mz) -0.53 <0.001 Significant moderate
negative correlation
Waist circumference  -0.4  0.006  Significant fair
(Cm) negative correlation
High density 0.150.323 Non-significant
lipoprotein (mg/dl) correlation
Triglycerides (mg/dl) 0.01 0.999  Non-significant
correlation
Fasting blood 0.26 0.082 Non-significant
glucose (mg/dL) correlation
HbA1C (%) 021 0.173 Non-significant
correlation
Albumin (g/dl) 0.29 0.055 Non-significant
correlation
Urea (mg/dL) -0.27 0.078 Non-significant
correlation
Creatinine(mg/dL)  -0.18 0.247  Non-significant
correlation

r isthe correlation coefficient & it rangesfrom -1 to +1.
p-vaue <0.05 is considered significant.
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Fig. (9): Scatter plot diagram representing correlation between
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Fig. (10): Scatter plot diagram representing correlation between
total protein and waist circumference.

Satistical methods:

Data management and analysis were performed
using Statistical Package for Social Sciences
(SPSS) vs. 27. Numerical data were summarized
using means and standard deviations or medians
and/or ranges, as appropriate. Categorical datawere
summarized as numbers and percentages. Estimates
of the frequency were done using the numbers and
percentages. Numerical datawere explored for nor-
mality using Kolmogrov-Smirnov test and Shap-
iro-Wilk test. Chi square test was used to compare
between the independent groups with respect to cat-
egorical data.

Comparisons between two groups for normal-
ly distributed numeric variables were done using
the Student’ s t-test while for non-normally distrib-
uted numeric variables, comparisons were done
by Mann-Whitney test. To measure the strength
of association between the normally distributed
measurements, Pearson’ s correlation coefficients
was computed (r isthe correlation coefficient & it
ranges from —1 to +1), +1 indicates positive corre-
lation, —1 indicates negative correlation, O indicates
no correlation.

To measure the independent effect of different
factors on metabolic syndrome, factors which had
significance level less than 0.10 were selected to en-
ter into stepwise logistic regression analysis. Logis-
tic regression was done to give adjusted odds ratio

and magnitude of the effect of different risk factors
in relation to metabolic syndrome. Odds Ratio (OR)
and 95% Confidence Interval (95% CI) were done
also (95% ClI that doesn’t contain 1.0 is considered
significant). All tests were two tailed & Probability
(p-value) <0.05 is considered significant [25].

Discussion

Multiple myelomais a malignancy character-
ized by clonal proliferation of plasma cellsin the
bone marrow, often associated with systemic man-
ifestations such as anemia, bone lesions, renal im-
pairment, and immunodeficiency. However, beyond
these classical features, the metabolic profile of MM
patients is gaining increasing attention [26].

Metabolic syndrome, a constellation of insu-
lin resistance, central obesity, dyslipidemia, and
hypertension, is known to contribute to systemic
inflammation and cardiovascular risk. The conver-
gence of these two pathological statesin the same
patient population raises questions about shared
pathophysiological mechanisms and potential bidi-
rectional effects[27].

Metabolic syndrome isincreasingly recognized
as asignificant comorbidity among geriatric patients
with multiple myeloma (MM), with prevalence esti-
mates ranging from 30% to 60%, depending on di-
agnostic criteria and population studied [28]. Aging,
chronic inflammation, sedentary lifestyle, and cor-
ticosteroid-based therapies contribute to the devel -
opment of metabolic syndrome in this population.
Its presence is associated with worsened overall
survival, increased cardiovascular risk, and compli-
cations related to both disease and treatment [29].

The present study investigated the prevalence
and characteristics of metabolic syndrome (MetS)
among elderly patients diagnosed with multiple my-
eloma (MM) at Cairo University Hospitals. With an
observed prevalence of 46.7%, the findings reflect
aconcerning trend of metabolic comorbiditiesin
geriatric hematological malignancy patients. These
results are in line with emerging evidence that sug-
gests a strong interplay between cancer biology and
metabolic dysfunction, although this area remains
relatively underexplored in older populations. In
comparison to the normal population, prevalence of
metabolic syndrome among the normal middle age
and geriatric population (non-myeloma patients)
was broadly previously studied among a huge study
including 15 countries located in middle-east re-
gion. The pooled estimates of MetS varied in differ-
ent areas with arange of 23.6% in Kuwait to 40.1%
in U.A Emirates[30].

The demographic characteristics of the study
population showed no significant difference be-
tween the MetS and non-MetS groups in terms of
age and gender. Thisindicates that in the context of
MM, metabolic syndrome may arise independent-
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ly of chronological aging or sex-specific hormonal
factors. Thisfinding is consistent with Markus et al .,
who reports inconsi stent associ ations between age/
gender and MetS when adjusted for other parame-
ters such as BMI, physical inactivity and treatment
exposure [12].

Similarly, Wildes et al., emphasized that in old-
er adults with MM, geriatric impairmentsincluding
metabolic comorbidities were prevalent regardless
of chronological age, suggesting that biological
age and functional status may be more relevant
predictors than sex or calendar age. These findings
highlight the complexity of metabolic syndrome de-
velopment in MM patients, where disease-specific
factors, treatment regimens (such as corticoster-
oids), and tumor-induced inflammatory pathways
may play a more prominent role than traditional de-
mographic predictors [31].

Anthropometric measurements reveal ed that
BMI and waist circumference were significantly
higher among those with MetS. Central obesity,
in particular, isahallmark of the syndrome and is
known to reflect visceral adipose tissue accumula-
tion, which is metabolically active and contributes
to chronic low-grade inflammation. This inflamma-
tionisof particular interest in MM patients, as cy-
tokines such asinterleukin-6 (IL-6) secreted by ad-
ipocytes and inflammatory cells are central to both
MM pathogenesis and the development of insulin
resistance. Elevated IL-6 not only supports myelo-
ma cell survival and proliferation but also plays a
critical rolein dysregulating lipid metabolism, po-
tentially explaining the high triglyceride levels ob-
served in the MetS subgroup [13].

Thislink between central obesity and inflamma-
tionin MM iswell-documented in current literature.
Ragbourne et al., highlighted how adiposity-driven
inflammation, particularly mediated by cytokines
like IL-6 and TNF-a, plays a dual role in promoting
both metabolic syndrome and MM progression, not-
ing that IL-6 is a key survival factor for myeloma
cells. Additionally, increased levels of insulin-like
growth factor 1 (IGF-1), another growth-promoting
factor, have been associated with MM and insulin
resistance, further cementing the biological bridge
between cancer and metabolic syndrome [13].

Gavriatopoulou et a., similarly described how
obesity and visceral fat accumulation lead to the se-
cretion of pro-inflammatory adipokines, fostering a
microenvironment conducive to plasma cell prolif-
eration and insulin resistance [32].

Moreover, Lim et al., expanded on this by
showing that IL-6 not only enhances myeloma cell
growth but also contributes to dysregulated lipid
metabolism and increased triglyceride synthesis,
which could explain the elevated triglyceride levels
observed in MM patients with MetS. These findings
collectively reinforce the idea that central obesity is
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not merely a passive risk factor, but an active con-
tributor to the metabolic and oncogenic landscape
of multiple myelomas3].

From alaboratory standpoint, patients with
MetS had significantly elevated fasting glucose,
HbA1c, and triglycerides, with reduced HDL-C
levels. These are classic metabolic alterations re-
flecting insulin resistance and impaired lipid me-
tabolism. Elevated HbA 1c confirms the presence of
chronic hyperglycemia, which may be exacerbated
by the pro-inflammatory state induced by MM and
further worsened by corticosteroids commonly used
in treatment regimens such as dexamethasone.The
marked dyslipidemia, particularly hypertriglyceri-
demiaand low HDL-C, further heightens cardiovas-
cular risk, which is especially detrimental in elderly
patients who may already have reduced functional
reserve and pre-existing atherosclerotic burden.

These laboratory findings are strongly supported
by the existing literature on metabolic dysfunction
in multiple myeloma. Markus et al., found that MM
patients exhibit a significantly increased incidence
of diabetes, hypertension, and dyslipidemiainclud-
ing elevated triglycerides and reduced HDL-C com-
pared to healthy controls, even before the initiation
of treatment [12].

In addition, Ragbourne et a., described how
MM-related paraproteins and cytokine activity dis-
rupt lipid metabolism, resulting in a characteristic
pattern of dydlipidemia and insulin resistance, hall-
marks of MetS[13].

Moreover, Gavriatopoulou et al., also empha-
sized that corticosteroid-based therapies like dex-
amethasone exacerbate hyperglycemia and insulin
resistance, compounding the metabolic burden in
patients already at risk due to the inflammatory mi-
lieu of MM [32].

Furthermore, Lim et al., noted that this metabol-
ic dysregulation contributes not only to cardiovas-
cular morbidity but also to adverse prognosis and
treatment resistance in MM, particularly in the el-
derly with reduced physiological reserve. Together,
these studies validate the clinical relevance of the
metabolic alterations observed and their potential
impact on both cardiovascular and cancer-specific
outcomes [33].

The lack of significant difference in blood pres-
sure readings between groups may reflect the fact
that most elderly patients, regardless of MetS status,
tend to have elevated baseline blood pressure or be
on antihypertensive medications, which could mask
group differences. This suggests that blood pressure
alone may not be areliable discriminator for MetS
in this particular population.

This interpretation aligns with findings reported
in the literature. Markus et al., noted that while hy-
pertension is common in both MM and smoldering
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MM patients, its prevalence was aready elevated at
baseline even prior to treatment due to age-related
vascular changes and the high burden of comorbid-
itiesin this population [12] .

Additionally, Wildes et al., observed that a sub-
stantial proportion of older adults with MM were on
multiple medications, including antihypertensives,
which can stahilize blood pressure readings and ob-
scure true differences between subgroups[31] .

Ragbourne et al ., also highlighted that blood
pressure may not be as sensitive an indicator for
MetSin elderly or cancer-afflicted populations
compared to lipid and glycemic markers, especial-
ly given the influence of pharmacological inter-
ventions and age-related autonomic dysregulation.
These findings collectively support the notion that
while hypertension is aformal component of MetS,
it may have limited discriminatory value in elderly
MM patients and should be interpreted cautiously
within the broader clinical and therapeutic context
[13].

A key strength of the study liesin its multivar-
iate analysis, which identified waist circumference
and triglyceride level asindependent predictors of
MetS. For every 1cm increase in waist circumfer-
ence, the odds of MetS increased by 16%, and each
unit rise in triglycerides raised the odds by 7%.
These findings are clinically relevant because they
highlight non-invasive, easily measurable indica-
torsthat can be used in clinical practice to stratify
risk in MM patients. Moreover, this points toward
potential therapeutic targets such aslifestyle in-
terventions and lipid-lowering therapies that could
mitigate MetS and potentially influence MM out-
comes indirectly.

In the study by Wang et al., metabolic profiling
identified lipid metabolism pathways, particularly
those involving triglyceride regulation, as key de-
terminants of MM prognosis, supporting therele-
vance of triglyceride levels not just as diagnostic
markers, but also as prognostic indicators [34].

Similarly, Lim et al., [33] and Gavriatopoulou et
al., [32] emphasized that central obesity quantified
through waist circumference is arobust surrogate
for visceral adiposity, which fuels both systemic
inflammation and MM pathogenesis. These mark-
ers are not only easy to measure in routine practice,
but they also offer actionable targets for lifestyle
modification or pharmacologic intervention. In fact,
studies have shown that therapies like statins and
metformin, which target lipid metabolism and insu-
lin resistance respectively, may have dual benefits
in improving metabolic profiles and enhancing MM
outcomes. Therefore, the identification of waist cir-
cumference and triglycerides as independent pre-
dictors strengthens the call for integrating simple
metabolic assessments into standard MM manage-
ment, particularly in geriatric populations.

The analysis also explored correlations between
total serum protein and anthropometric measures. A
significant moderate negative correlation with BMI
and afair negative correlation with waist circumfer-
ence were found, suggesting that higher degrees of
obesity may be associated with lower serum protein
levels. This could be attributed to adilutional ef-
fect or to the malnutrition-inflammation complex,
which is not uncommon in chronic disease states.
With paraproteinemias and elevated serum proteins
noted in blood malignancies, patients often suffer
from malnutrition, weight loss and cachexia.

Gavriatopoulou et al., discussed how increased
adiposity in MM patients may coexist with func-
tional malnutrition, where excess fat mass masks
underlying protein-energy deficiency, potentially
exacerbated by systemic inflammation and cata-
bolic stress. This can lead to lower serum protein
levels despite high BMI or waist circumference, a
paradox also noted in patients with other chronic
inflammatory diseases. Furthermore, the dilutional
hypothesis, especially in obese individuals with ex-
panded plasma volume, has been proposed in previ-
ous studies as a possible explanation for relatively
lower concentrations of circulating proteins, includ-
ing albumin and total protein [32].

In contrast, the analysis of calcium levels did not
show any significant correlations, indicating limited
involvement of mineral metabolism in the metabol-
ic profile of these patients.Markus et al., noted that
disturbances in calcium homeostasisin MM pa-
tients occur independently of MetS components and
are more closely linked to disease severity and bone
involvement. Thus, serum calcium appearsto bea
lessinformative marker in evaluating the metabolic
profile of MM patients, especially in the absence of
overt skeletal disease[17].

The implications of these findings are substan-
tial.MetSin MM patients has the potential to worsen
prognosis by contributing to cardiovascular events,
increasing treatment toxicity, and possibly affecting
overall survival. Recognizing and managing MetS
early could lead to better clinical outcomes and im-
proved quality of life. Thisis particularly important
in geriatric patients, who are often underrepresent-
ed in clinical trials and may not tolerate aggressive
MM therapies well. Tailoring therapy to account for
metabolic status could reduce complications and
improve tolerance.

These implications are strongly echoed in the
literature. Lim et al. [33] emphasized that metabolic
dysregulation in MM particularly insulin resistance
and dysdlipidemia not only contributes to systemic
inflammation but also correlates with drug resist-
ance and inferior prognosis, especially in relapsed
and refractory disease.

Gavriatopoulou et al., similarly highlighted that
components of MetS may independently worsen
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MM outcomes by amplifying treatment-related tox-
icities and exacerbating frailty in elderly patients.
Thisis further supported by Wildes et a., [311 who
showed that older adults with MM often exhibit
geriatric vulnerabilities such as polypharmacy, im-
paired mobility, and comorbidities that directly in-
fluence their eligibility for intensive treatments like
stem cell transplantation [32].

Importantly, Ragbourne et a., and Zhao et .,
[35] noted that managing MetS through interven-
tions like statins, metformin, or lifestyle modifi-
cations could not only reduce cardiovascular mor-
bidity but may also provide adjunctive antitumor
benefits. As such, early identification and targeted
management of MetSin MM patients particularly
in the elderly should be considered an essential part
of personalized care strategies aimed at improving
both survival and quality of life [13].

While this study provides important insights
into the prevalence and predictors of metabolic syn-
drome among geriatric multiple myeloma patients,
the study lacked a control group of age- and sex-
matched individuals without multiple myeloma,
which limits the ability to determine whether the
observed metabolic alterations are specific to MM
patients or reflect general trends in the elderly popu-
lation. The inclusion of acontrol group would have
allowed for better comparative analysis and more
robust conclusions. However, we looked for prev-
alence of metabolic syndrome among the non-mye-
loma patients in the literature and included it in our
discussion for a better visualization and comparison.

Conclusion:

In conclusion, this study demonstrates a high
prevalence of metabolic syndrome among geri-
atric patients with multiple myeloma, with nearly
half of the participants meeting diagnostic criteria
most notably associated with increased waist cir-
cumference and elevated triglyceride levels. These
findings underscore the importance of integrating
metabolic assessment into the routine care of el-
derly MM patients, as the presence of metabolic
syndrome may contribute to worsened clinical out-
comes, heightened cardiovascular risk, and compro-
mised treatment tolerance. Early identification and
targeted management of metabolic abnormalitiesin
this population could play avital rolein improving
quality of life and potentially enhancing therapeutic
efficacy.
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