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ABSTRACT

Background: COVID-19 has emerged as a rapidly spreading pandemic with millions of deaths. We aimed to
investigate whether metabolic syndrome can be used as a prognostic factor for the outcome of patients infected
with this viral disease, regarding the ICU stay, the requirement of mechanical ventilation (MV) and mortality.

Methodology: This retrospective study included 90 patients admitted to intensive care unit (ICU) of Ain Shams
University for pneumonic COVID-19 with a confirmed positive RT-PCR for COVID-19 and positive changes on chest
computed tomography, over a period of 10 months from July 2021 to April 2022. They were divided into two groups
according to the presence or absence of metabolic syndrome. The primary outcome measured was the length of ICU
stay. Secondary outcome was the percentage of patients requiring mechanical ventilation (MV) and the mortality
rate in the two groups.

Results: Patients with metabolic syndrome had higher liver transaminases, random blood glucose, triglycerides,
ferritin, and P/F ratio compared to those without metabolic syndrome (P < 0.05). Components of metabolic
syndrome such as hypertension, type 2 diabetes mellitus, and obesity significantly increased the risk of
hospitalization and mortality in COVID-19 patients (P < 0.05).

Conclusion: Metabolic syndrome is a better prognostic indicator for severe disease outcomes in patients with COVID-
19 than its individual components. Although patients with metabolic syndrome didn’t have a higher need for
mechanical ventilation, they had longer duration of ICU stay and a higher mortality rate.

Abbreviations: ACE-2: angiotensin-converting enzyme-2, hs-CRP: High sensitivity C-reactive protein,ICU: Intensive
care unit, MV: Mechanical ventilation, MS: Metabolic syndrome, ROC: Receiver operating characteristic
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1. INTRODUCTION

The primary route of transmission of SARS-CoV-2 is
droplet infection, though other routes remain a topic for
investigation, as the virus has also been found in the
stool and urine of the affected individuals.!

The disease severity varies from mild upper respiratory
tract infection to severe pneumonia, respiratory failure
and death. Risk groups identified for higher rates of
morbidities, and mortalities included, patients with
cardiovascular  diseases,  hypertension,  chronic
respiratory diseases, metabolic syndrome (MS), and
diabetes mellitus (DM).2® MS consists of a group of risk
factors including central obesity, hypertension,
dysglycemia, atherogenic dyslipidemia, and pro-
inflammatory state.*

Clinically, MS is defined according to the ATP-III
guidelines as the presence of 3 or more of the following
factors: increased waist circumference,
hypertriglyceridemia (>150 mg/dL or on treatment for
hypertriglyceridemia), elevated blood pressure (systolic
> 130 mmHg and/or diastolic > 85 mmHg) reduced high-
density lipoproteins (< 40 mg/dL in males; < 50 mg/dL
in females), and dysglycemia (blood sugar levels that go
too low or too high or on treatment for hyperglycemia).
Components of MS are among the risk factors for
morbidity and mortality in patients with COVID-19.6

The pathophysiologic  mechanisms  for  these
observations remain obscure. An interaction between
SARS-CoV-2 and the angiotensin-converting enzyme-2
(ACE2) facilitating viral entry into the host cells has
been suggested. ACE2 is present in many tissues
especially pancreatic islets, vascular endothelium, and
adipose tissue. The SARS-CoV-2 -ACE2 interaction in
these tissues, maybe responsible for the severity of
clinical manifestations among COVID-19 patients with
MS.47

The pro-inflammatory sequalae observed in individuals
with MS has been suggested to contribute in the COVID-
19-mediated immune dysregulation, including abnormal
immune reactions, hyper inflammatory sequalae, and
thrombotic vulnerability.®

We aimed to investigate to what extent various
components of MS can be used as a prognostic factor for
outcomes of patients suffering from COVID-19.

2. METHODOLOGY

The ethical approval from the institutional Research
Ethics Committee (No. MS 640/2021) was obtained.
Patients or their caregivers were informed about the
purpose and the anticipated benefits of the research and
confidentiality of data was ensured. This study is
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compliant with the ethical principles of declaration of
Helsinki for medical research involving human subjects.

Ninety patients admitted to ICU for pneumonia
associated with COVID-19 infection, diagnosed using
positive RT-PCR and confirmed by chest computed
tomography findings. Patients were divided into two
groups depending on the association of MS. This study
was conducted over a period of 10 months from July
2021 to April 2022 on patients admitted to ICU of Ain
Shams University. Patients were divided into equally
into two groups; Group MS included COVID-19 patients
with MS, and Group NMS included COVID-19 without
MS. Patients who received any COVID vaccine were
excluded. Egyptian people began receiving the vaccine
regularly only several months after the study.

A sample size was determined using Power and Sample
Size (PASS) software, setting alpha error at 5% and
power at 80%; the minimum needed sample was 35
patients for each group.

2.1. Study Procedure

All patients were subjected to complete history taking
including personal history, history of the current illness,
past medical history of chronic illness (diabetes mellitus
and hypertension). General physical examination
included body built, BMI calculation and SpO. using
pulse oximeter.

Review of patients’ laboratory investigations during
admission included; complete blood count (CBC),
random blood sugar, routine liver and kidney function
tests, fasting lipid profile; serum total and high-density
lipoprotein (HDL), cholesterol and triglycerides.
Inflammatory markers including measurement of high
sensitivity C-reactive protein (hs-CRP), serum ferritin,
lactate dehydrogenase (LDH) and D-dimer were also
analyzed. Arterial blood gases (ABG’s) and PaO; / FiO;
(P/F) ratio were measured. CT chest was used for
evaluation of severity of lung disease and detection of
extra-pulmonary complications. Any need for invasive
mechanical ventilation and total duration of hospital and
ICU stay were recorded.

All patients received the treatment which included inj.
dexamethasone 6 mg OD, prophylactic anticoagulation,
and remdesivir 200 mg on the first day, and then 100
mg/day for 7 days in severe cases. While critically ill
patients received the same dose of remdesivir,
therapeutic anti coagulation, and methyl prednisolone 2
mg/kg. Patients who didn’t improve on steroids within
24 h received tocilizumab 4—8 mg/kg/day for 2 doses.

2.2. Statistical Analysis

The Statistical Package for Social Science (IBM SPSS)
version 23 was used for data analysis. The qualitative
data were analyzed in terms of number and percentages
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Table 1: Comparison between two groups regarding the presence of co-morbidities

Co-morbidities Group MS Group NMS Test value*
N =45 N =45

Co-morbidities 28 (62.2) 45 (100.0) 20.959 0.000
Rt breast cancer 0 (0.0) 2(4.4) 1.279 0.258
HCC 1(3.6) 0 (0.0) 1.629 0.202
CKD 1(3.6) 0 (0.0) 1.629 0.202
IHD 4 (14.3) 8 (17.8) 0.153 0.695
Obesity 0 (0.0) 45 (100.0) 73.000 0.000
DM 10 (35.7) 45 (100.0) 38.396 0.000
HTN 14 (50.0) 45 (100.0) 27.839 0.000
Bronchial asthma 1(3.6) 0(0.0) 1.629 0.202

Data presented as n (%); P < 0.05 considered as significant; * Chi-square test, ** Independent t-test

while quantitative data are presented as mean, standard
deviations and ranges.

Chi-square test was used to compare two groups with
qualitative data and Fisher exact test was used when the
expected count in any cell was found less than 5.
Independent t-test and Mann-Whitney test were used to
compare quantitative data between two independent
groups using parametric and non-parametric distribution
respectively. Pearson’s correlation coefficient was used
to detect correlation studies. Logistic regression analysis
was used to determine the relation between hospital stay
and other variables. Receiver operating characteristic
(ROC) curve was employed to determine the best cut-off
value of serum ferritin and absolute lymphopenia as risk
factors for the need of mechanical ventilation.

The confidence interval was adjusted to 95%. P < 0.05
was considered significant.

3. RESULTS

Patients in both groups were comparable regarding age;

47.47+2.35yvs47.42+251y (P=0.931), and gender
distribution; M:F ratio 26:19 vs 34:21 (P = 0.671) in
Group MS vs. Group NMS; while, there was a

significant difference between both groups regarding
BMI; 32.69 + 1.16 in Group MS vs 27.36 £ 1.21 in
Group NMS (P < 0.001).

Additionally, patients with MS showed significantly
higher comorbidities particularly obesity, diabetes and
hypertension (Table 1).

There were no significant differences between both
groups regarding the onset of symptoms (days) and CT-
chest findings (P > 0.05) (Table 2).

Regarding the laboratory findings of the studied groups,
we found a significant difference between the two groups
regarding the presence of absolute lymphopenia,
elevated liver transaminases, kidney functions, random
blood glucose, lipid profile, and markers of acute phase
reaction (ferritin and LDH) and P/F ratio (P < 0.05)
(Table 3).

Although the number of patients requiring mechanical
ventilation in the MS group was more than those
requiring mechanical ventilation in the Group NMS,
statistical analysis showed no significant difference, [11
(26.7%) vs. 5 (11.1%), P = 0.099], but further analysis
of the individual components of MS showed that patients

Table 2: Comparative onset of symptoms (days) and CT-chest findings in two groups

Variable Group MS Group NMS Test value P-value
N = 45 N = 45
Onset of symptoms (days) 6.00 + 0.48 6.02 + 0.62 -0.190** 0.849
CT-Chest  Bilateral mild GGO 40 (88.9) 45 (100.0) 5.294* 0.151
Bilateral mild to moderate GGO 1(2.2) 0 (0.0)
Bilateral moderate GGO 3(6.7) 0 (0.0)
bilateral sever GGO 1(2.2) 0 (0.0)

Data presented as mean + SD or n (%); P < 0.05 considered as significant;
* Chi-square test, ** Independent t-test; GGO = Ground-glass opacities

www.apicareonline.com

345

Open access attribution (CC BY-NC 4.0)


https://www.apicareonline.com/index.php/APIC

Refaat SA, et al metabolic syndrome and COVID-19

Table 3: Comparison between the groups regarding laboratory findings

Laboratory findings Group MS Group NMS Test value P-value
N =45 N =45

Hemoglobin (mg/dl) Mean + SD 13.34£1.62 13.21 +£1.46 0.396** 0.693
Range 9.2-17 10.6-16.8

Total leucocytic count (/mm?3) Mean £ SD 8.68 * 4.68 7.24+£2.80 1.771% 0.080
Range 3.3-24 3.2-13.8

Absolute lymphopenia Mean + SD 1.38 +1.69 0.72+0.31 2.578* 0.012
Range 0.2-11.7 0.3-1.3

Platelet (/mm3) Mean + SD 264.04 £90.81 260.00 £ 169.18 0.141** 0.888
Range 63-587 119-841

Ferritin (micro/LlI) Median (IQR) 436 (356-634) 946 (752-1498) -6.191° 0.000
Range 47-974 328-2979

D-Dimer (mg/L) Median (IQR) 0.7 (0.4-0.9) 0.5 (0.4-2.4) -0.466 0.641
Range 0.2-5.7 0.2-4

C reactive protein (mg/L) Median (IQR) 44 (22-87) 40 (28-158) -1.054 ® 0.292
Range 3.7-311 2-375

Lactate dehydrogenase (LDH)(u/L) Median (IQR) 215 (153-314) 369 (294-486) -3.854 ® 0.000
Range 20-642 120-877

Aspartate transaminase (AST)(IU/L) Mean £ SD 36.76 +14.75 46.89 + 21.18 -2.633** 0.010
Range 11-112 17-85

Alanine transaminase (ALT)(IU/L) Mean + SD 27.53+12.01 56.40+50.93 -3.701** 0.000
Range 6-67 16-231

Urea (mg/dl) Mean + SD 23.91+8.98 27.78 £11.68 -1.760** 0.082
Range 10-52 10-55

Creatinine (mg/dl) Median (IQR) 1 (0.8-1.1) 1.1 (1-1.2) -2.624 ° 0.009
Range 0.4-3.2 0.7-1.7

Random blood sugar (mg/dl) Mean + SD 124.84 £+ 43.01 231.18 £+56.32 -10.065*  0.000
Range 79-240 158-375

P/F ratio Mean = SD 272.62 +66.72 212.18+94.49  3.505** 0.001
Range 110-400 70-450

Triglycerides (mg/dl) Mean + SD 162.89 £ 41.31 289.16 £+ 43.03 -14.199*  0.000
Range 110-265 216-374

High density lipoprotein (mg/dl) Mean + SD 47.89 + 7.47 37.67 £3.98 8.101* 0.000
Range 30-58 31-45

P < 0.05 considered as significant; * Chi-square test, ** Independent t-test, ® Mann-Whitney test

requiring mechanical ventilation had higher incidence of ~ detected between both groups regarding time from onset
DM, higher BMI, and higher triglycerides levels (P <  of symptoms till mechanical ventilation (P = 0.063).
0.05). And there was a significant difference between
both groups regarding ICU stay; (P = 0.034). The mean
duration of mechanical ventilation amongst the MS
group was 8 = 7.1 vs. 6.6 £ 5.9 days, with P = 0.7 and a
non-significant difference between hospital stay (P <
0.001). Meanwhile, no significant difference was

A negative correlation was found between the duration
of ICU stay and HDL (-0.222, P = 0.035), while no
significant correlation was found with BMI, triglycerides
and cholesterol (P > 0.05).

www.apicareonline.com 346 Open access attribution (CC BY-NC 4.0)


https://www.apicareonline.com/index.php/APIC

Refaat SA, et al

metabolic syndrome and COVID-19

Table 4: Univariate and multivariate logistic regression analysis for factors associated with presence

of MS and Hospital Stay
Univariate

95% CI for OR

Multivariate
95% CI for OR

Lower Upper
BMI 0.007 -9.133 -15.674 -2.593 0.000 30.667 30.066  31.269
TG 0.391 -3.333 -11.064 4.397 0.000 240.283 224.625 255.941
HDL 0.099 5500 -1.064 12.064 0.000 41662 40.090 43.233
Serum cholesterol 0.109 -10.33 -23.329 2662 0.000 260.866 245.826 275.905
Ferritin D-dimer
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Figure 1: ROC curve for detection of serum Ferritin
as risk factor for mortality and need of mechanical
ventilation

Figure 3: ROC curve for detection of D-dimer as risk
factor for mortality and need of mechanical
ventilation
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Figure 2: ROC curve for detection of absolute
lymphopenia as risk factor for mortality and need of
mechanical ventilation
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Figure 4: ROC curve for detection of CRP as risk
factor for mortality and need of mechanical
ventilation
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Table 5: Univariate and multivariate logistic regression analysis for factors associated with presence of

MS and need of mechanical ventilation

95% C.I. for OR P-value B

Factor Univariate
P-value B
Lower
BMI 0.754 0.067 -0.356
TG 0.000 -0.625 -0.952
HDL 0.147 0.300 -0.108
Serum cholesterol 0.147 -0.667 -1.604

Multivariate

95% C.I. for OR

Upper

0.505 0.000 31.529 29.823 33.236
-0.298  0.000 263.294 221222 305.367
-0.708  0.000 41.588 38.492 44.684
0.271 0.000 269.471 229.565 309.376

positive correlation was found between the duration of
hospital stay and BMI (r = 0.557, P < 0.001),
triglycerides (r = 0.432, P < 0.001), cholesterol (r =
0.511, P < 0.001); meanwhile, there was negative
correlation with HDL (r = -0.327, P = 0.002). Also, a
significant relation was found between hospital stay and
the presence of hypertension (P = 0.026) and diabetes (P
< 0.001).

Logistic regression analysis revealed that BMI is the
most significant factor for hospital stay (Table 4), while
levels of triglycerides represent the significant factor for
the need of mechanical ventilation (Table 5).

ROC curve analysis detected serum ferritin > 700 g/l
and absolute lymphopenia < 0.9 as risk factors for the
need of mechanical ventilation and high mortality rate
with high sensitivity and specificity (Figure 1 and 2).

Patients with D-dimer > 1.4 were at increased risk of
mechanical ventilation and mortality. Figure 4 shows
ROC analysis for detection of the value of CRP above
which the patient is at risk for mechanical ventilation and
mortality and was found to be >120 mg/dL (normal value
is < 1.0 mg/dL).

4. DISCUSSION

The coronavirus disease 2019 (COVID-19) which has
rapidly spread, was considered as a global pandemic
with high mortality worldwide. Acute respiratory
distress syndrome (ARDS), septic shock, and multiorgan
failure were considered the leading causes of several
deaths following severe infections with COVID-19.°

We wanted to find to what extent MS can be used as a
prognostic factor for the outcomes of patients infected
with COVID-19. We found significant relationship
between the presence of hypertension, DM, and obesity
and hospital stay and mortality. Although the number of
patients requiring mechanical ventilation in the MS
group was more than those requiring mechanical
ventilation in the other group, statistical analysis showed
no significant difference, which could be attributed to the
relatively small sample size of our study, but further
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analysis of the individual components of MS showed that
patients with DM, a higher BMI, and higher triglyceride
levels required mechanical ventilation more than those
who had normal values of these parameters.

There was no significant difference between both groups
regarding their age and sex, but there was a highly
significant difference found between two groups
regarding BMI.

In contrast to our results, some recent studies stated that
the mortality rate was increased in females with MS
compared to male gender with COVID-19 infection.
Additionally, patients younger than 65 years of age
suffered from a higher mortality rate when compared to
those with older age group. In the same context, several
previous studies have reported that although MS is more
prevalent in elderly patients, the mortality decreased
with age. This was similar to what was seen in our
studied individuals with COVID-19.1°

Anderson and his colleagues declined the association
between obesity and mortality among their studied
patients with COVID-19 who were older than 65 years.
This was explained by the possibility of better
management of the individual components of MS in the
elderly.*? According to the National Health and Nutrition
Examination Surveys (NHANES), data collected from
2011 to 2016 revealed that the prevalence of MS among
females has increased significantly. Also, several studies
suggested increased susceptibility to cardiovascular
diseases in females with MS in comparison to male
gender.:

Hypertension and diabetes were frequently reported
among hospitalized patients with COVID-19 which
affect the clinical outcomes among those patients.'* Our
study reports a significant association between
hypertension and mortality, and this is consistent with a
recent study which reported similar results.?®

In our study, although obesity was associated with
increased need for mechanical ventilation, no association
was observed with increased mortality in those
individuals. Nevertheless, a positive correlation was
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found between the duration of hospital stay and BMI. An
earlier study reported similar findings among their
studied population.® On the other hand, Ni and colleagues
reported decreased mortality among their studied critically ill
patients with pneumonia who were obese.”’

We found that hyperlipidemia was one of the associated
risk factors of critical outcomes including the length of
stay at ICU and the total hospital stay. A possible
explanation can be related to the immune-modulating
properties of statin and decreased cytokine production.8
This was in disagreement with a recent study that stated
that among individual with MS, only DM was the main
factor associated with significant critical outcomes.*®

Our study also reports that patients with MS had a
significantly increased need for mechanical ventilation
and a longer ICU admission. The study highlights that
the presence of MS is a good predictor of clinical
outcomes in COVID-19 compared with other
comorbidities.

Regarding the laboratory findings of the studied patients,
we found that there was no difference between both
groups regarding their Hb, TLC, platelet counts, D-
dimer, CRP, and urea levels. Meanwhile, there was a
significant difference found between them regarding
absolute lymphopenia and AST, and there was highly
significant difference between two groups regarding
ferritin, LDH, ALT, creatinine, random blood sugar, P/F
ratio, triglycerides and HDL. In accordance with our
study, Zhang et al. reported association between MS and
abnormal liver transaminases especially in those with
severe COVID-19 infection.?°

In our study, patients with MS had significantly higher
liver enzymes within 24 h of admission compared to
those without, which can be associated with mortality
and other clinical outcomes. In contrast to our study,
another study noted no association between these
inflammatory markers and morbidity among patients
with COVID-19, irrespective of its association with
MS.%

As regards the need of MV, ICU stay and hospital stay,
we found that there was no significant difference found
between both groups regarding the need for MV.
Meanwhile, the duration of ICU stay was significantly
higher in those with MS. A negative correlation was
found between the duration of ICU and hospital stay and
HDL and a positive correlation was found between the
duration of hospital stay and BMI (r = 0.557, P < 0.001),
triglycerides (r = 0.432, P < 0.001), and cholesterol. On
the other hand, a previous study observed higher
frequency of dyslipidemia in hospitalized patients.??
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In our study, when DM was evaluated as part of MS, the
syndrome was significantly associated with morbidities,
especially when combined with other underlying
conditions, suggesting that DM might be a risk factor for
severe clinical outcomes.

MS has been found to be associated with multiple
negative outcomes among hospitalized COVID-19
patients. This was in agreement with the study by Xie et
al.% done on type 1 and type 2 DM and they reported the
same findings. Another earlier study by Sisd-Almirall et
al., which evaluated patients with diabetes during
COVID pandemic reported its risk association with
prolonged hospitalization and morbidities.??

5. CONCLUSION

Metabolic syndrome is a prognostic indicator for severe
disease outcomes in patients with COVID-19 more than
its individual components. Patients with metabolic
syndrome have a significantly higher need for ICU and
hospital admission. The need for mechanical ventilation
is also higher across all patients with metabolic
syndrome.

Future studies and the development of a clinical risk
score for mortality/severe outcomes in COVID-19
should consider incorporating metabolic syndrome.
Longitudinal studies with larger representative sample
are required for providing evidence on nature of
association between metabolic syndrome and COVID-
19 morbidity and mortality.
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