
of age. LSS patients are particularly prone to ischemic heart 
disease, systolic arterial hypertension (SAH), diabetes mellitus 
(DM), sarcopenia, and metabolic syndrome (MetS) [3-6].

MetS involves a set of risk factors for cardiovascular disease 
and diabetes. It may be described as a proinflammatory condi-
tion associated with sedentary lifestyle, atherogenic dyslipidemia, 
high levels of triglycerides (TG) and low levels of HDL-choles-
terol (HDL-c) [7]. Few studies have attempted to correlate LSS 
and MetS directly, but one recent study found a higher prevalence 
of MetS in patients with severe osteoarthritis (OA) of the spine 
(including cervical and lumbar spinal stenosis and spondylolis-
thesis) than in patients with mild OA and concluded that having 
a large number of risk factors for MetS increases the likelihood 
of developing severe OA [4]. Matching these findings, a Japanese 
study revealed that MetS is 1.5 times more likely to affect women 
with lumbar pain than those female without this alteration [8].

To the best of our knowledge, no study has investigated the 
prevalence of MetS in LSS or tested whether other cardiovascu-
lar risk factors increase the likelihood of developing LSS. 

The purpose of the present study, therefore, was to evalu-
ate the prevalence of MetS in patients with LSS, compared to 
age- and sex-matched healthy controls, and explore the potential 
associations between MetS and LSS-related clinical parameters 
and cardiovascular risk factors.

Our cross-sectional sample consisted of 64 LSS patients attending 
a private spine clinic in Fortaleza (Northeastern Brazil) between 
August 2018 and June 2019. LSS was classified according to the 
criteria of the North American Spine Society (NASS) [2].The ex-
clusion criteria were age under 50 years and insufficient laborato-
ry data for the diagnosis of MetS. The control group included 32 

Lumbar spinal stenosis (LSS) is a narrowing of the lumbar 
canal associated with functional disability and walking lim-

itations that affects mostly elderly individuals [1,2]. The con-
dition displays an increasing prevalence worldwide and is the 
most common cause of spinal surgery in patients over 65 years 



age- and sex-matched patients without symptomatic LSS or col-
lagen diseases (e.g., systemic lupus erythematosus, rheumatoid 
arthritis, and Sjögren’s syndrome) who were receiving treatment 
for other skeletal muscle conditions at the same clinic. All partic-
ipants gave their written informed consent and the study protocol 
was approved by the research ethics committee of the University 
of Fortaleza and uploaded to a national research portal (Platafor-
ma Brasil) under entry #2685520.

All patients with symptomatic LSS were diagnosed by the same 
spine surgeon. In accordance with NASS guidelines, the diag-
nosis of symptomatic LSS requires consistent clinical and radio-
logical findings [2,9].

One or more of the following symptoms were required for 
diagnosis: pain, numbness and neurological deficit in the lower 
extremities, buttock pain, symptoms induced or exacerbated by 
walking or standing, and symptoms improved/resolved by lum-
bar flexion, sitting and/or lying down positions [2]. All patients 
underwent a magnetic resonance imaging (MRI) scan for radio-
logical LSS. Severity was determined according to the qualitative 
morphologic classification of Schizas [10]. Patients diagnosed 
with symptomatic LSS were referred for evaluation of MetS.

The patients were diagnosed as non-MetS or MetS carriers 
based on clinical interviews (using a standardized question-
naire), physical examination and laboratory test results.

During the interview, information was collected on overall 
health and personal habits, in addition to the variables DM, 
SAH, former and current smoking status, acute myocardial in-
farction (AMI), hypo/hyperthyroidism, chronic kidney disease 
(CKD), stroke or transient ischemic attack (TIA), occlusive pe-
ripheral arterial disease (OPAD), family history of cardiovascu-
lar disease, and regular physical activity. Information on previ-
ous and current treatment of LSS was also collected.

The physical examination included arterial pressure, waist 
circumference (WC), weight, height and body-mass index 
(BMI) measurements. WC was measured with a flexible tape 
in the horizontal plane midway between the lowest rib and the 
iliac crest. BMI was calculated using the conventional formula 
(weight/height2). Laboratory tests (fasting blood glucose, total 
and HDL-c/LDL-cholesterol, and TG) performed within the last 
six months were also analyzed. 

MetS was diagnosed using the criteria of the 
 statement (IDF/NHLBI/AHA/WHO/IAS/

IASO) adjusted for South Americans [7], which requires the 
presence of three or more of the following: waist circumference 

treatment, HDL-c < 40 md/dl in men and< 50mg/dl in women 

antihypertensive medication.
All diagnoses of MetS were given by the same general practi-

tioner after reviewing the results of the physical examinations and 
laboratory tests and confirming three or more of the findings [7]. 

The normality of the collected data was verified with the Sha-
piro-Wilk test. Clinical and demographic variables were ex-
pressed as mean values ± standard deviation or median values 
and interquartile ranges (continuous variables), or as absolute 
and relative frequencies (qualitative variables). In the bivar-
iate analysis, quantitative variables were compared with the 
Mann-Whitney test, while categorical variables were submitted 
to the chi-square test or Fisher’s exact test. When comparing 
patients with and without MetS, the magnitude of the associa-
tions was expressed as prevalence ratio (PR), while odds ratios 
(OD) were used to evaluate the difference between LSS patients 
and controls. Significant variables in the bivariate analysis were 
submitted to multivariate analysis using Poisson regressions 
with robust variance, the results of which were expressed as ad-
justed PR. Variables below the level of statistical significance 
( < 0.05) remained in the model. Measures of the magnitude 
of associations were accompanied by 95% confidence intervals 
(95%CI). Statistical analyses were performed using IBM Statis-
tical Package for the Social Sciences statistics software, version 
23 (SPSS, IBM Corp, Armonk, NY, USA).

In the LSS group (n=64), the median age was 73 years (range 68.5–
79.0). Male sex was slightly predominant (54.7%). Most of the 
patients (56.3%) reported a monthly income above 10 minimum 
wages (MW), but 28.1% chose not to disclose their income. The 
median time of schooling was 16 years (range 12.0–16.0 years). 
LSS patients and controls did not differ significantly with regard to 
age, sex, income or time of schooling ( > 0.05) [Table 1].

The prevalence of MetS was significantly higher among LSS 
patients than controls (76.6% vs. 31.3%; < 0.001) [Table 2]. 
LSS patients had significantly greater WC (  = 0.003) and blood 
glucose levels ( = 0.009), but the difference was not significant 
with regard to cholesterol, dyslipidemia, and TG. In addition, 
hypertension was more prevalent in the LSS group than in the 
control group (82.3% vs. 37.5%, < 0.001). 

Increased WC was the most prevalent MetS component among 
patients (93.8%), followed by SAH (84.3%) and low HDL-cho-
lesterol or treatment (59.4%). Blood glucose (or DM) and TG 



were above the normal range in 48.4% and 20.3% of the pa-
tients, respectively [Table 3].

LSS patients with and without MetS did not differ significantly 
with regard to sex, age, time of schooling, or income [Table 4A]. 
MetS was associated with overweight ( < 0.001), increased 
WC ( = 0.005), high blood glucose levels ( = 0.007), low total 
cholesterol ( = 0.025), and low HDL-c levels ( = 0.013). A 
large proportion (87%) of MetS patients was receiving statins 
or fibrates, while only 16% of non-MetS patients used medica-
tion. Despite the low prevalence of DM in the LSS group, all 
DM patients had MetS ( = 0.003), a pattern not observed for 
hypertensive patients.

As shown in Table 4B, MetS was associated with spondylo-
listhesis ( = 0.038) and lumbar pain ( = 0.016), but not with 
lower limb irradiation or claudication. Patients with and without 
MetS did not differ with regard to pain severity (5  4, = 
0.312) or time of diagnosis ( = 0.549) [Table 4B].

In the multivariate logistic regression model, the variables with 
independent influence on MetS in LSS patients were: DM (ad-
justed PR = 1.373, 95%CI 1.085–1.737; = 0.008), blood glu-
cose (adjusted PR = 1,006; 95%CI 1.002–1.010, = 0.004), and 
BMI (adjusted PR = 1.091; 95%CI 1.027–1.160, = 0.005).

To the best of our knowledge, this is the first study to evaluate 
the prevalence of MetS in LSS patients. As suspected, the prev-
alence was found to be very high in this population. 

As strengths of this study, the inclusion of a set of cardio-
vascular risk factors and disease variables and the sampling of 
elderly patients added relevance to the investigation, while the 
use of multivariate logistic regression analysis made it possible 
to identify risk factors for MetS in LSS patients. In addition, 
the inclusion of only patients who fulfilled the NASS criteria 
[2] for LSS was important to exclude alternative diagnoses for 
lumbar pain. 

The prevalence of MetS was 76.6% in our sample. This is in 
the high range of the reviewed studies on degenerative diseases 
(2.0–82.4%) [4,5,8,11-13]. In a study on spinal OA, the preva-
lence of MetS was significantly higher in severe forms (LSS, 
cervical spinal stenosis, spondylolisthesis) than in mild forms 
(spondylosis causing axial pain) (3.1%  0.6%) [4]. In con-
trast, covering a period of 8 years, Memtsoudis et al. evaluated 
patients submitted to lumbar spinal arthrodesis and found an 
average MetS prevalence of 5.5%. Interestingly, the percentage 
tripled during the period, reaching 9% in the last year [5]. 

A study on patients with chronic lumbar pain found a MetS 
prevalence of 25% [11], matching the results of a study on elderly 
Japanese women with lumbar pain [8]. However, patients with 
OA generally display higher rates; for example, 59% in a sample 



from the United States [12] and 82.4% in an Iranian study [13].
LSS patients had a high prevalence of MetS, many cardio-

vascular risk factors and significantly greater likelihood of ab-
normal arterial pressure, WC and blood glucose findings, when 
compared to controls. The multivariate analysis identified DM 
as an independent risk factor for MetS. A review of clinical and 
laboratory studies evaluating whether DM-related adverse meta-
bolic effects contribute to intervertebral disc degeneration found a 
strong laboratory association between DM and the abnormal mo-
lecular and biochemical pathways that damage the intervertebral 
discs permanently, but no proof of causation. DM is a significant 
risk factor for intervertebral disc degeneration, and DM severi-
ty is associated with the duration of MetS and inefficient control 
[14]. This is supported by a study using ligamentum flavum tissue 
obtained from LSS patients with symptomatic neurological clau-
dication submitted to decompression surgery. LSS patients with 





DM displayed significant elastin fiber loss and changes in fiber 
alignment, when compared to patients without DM [15].

All the diabetic patients in our study (33.3%) had MetS. Ac-
cording to Lee and colleagues [16], the observed poor blood glu-
cose control and insufficient physical exercise may be explained 
by neurological claudication and pain in the lower limbs in LSS 
patients, favoring the emergence of DM-related co-morbidities. 
LSS and DM associated with SAH, cardiovascular disease, 
CKD, or cerebrovascular disorders increase the risk of mortali-
ty in this patient population [16]. Furthermore, an Israeli study 
demonstrated as association between DM and lumbar stenosis 
in 395 consecutive patients diagnosed with spinal stenosis [6].

MetS was associated with BMI in our sample. In the multivar-
iate analysis, the prevalence of MetS in LSS patients increased 
by 9.1% for each additional unit of BMI. Similar findings have 
been reported for patients with chronic lumbar pain and MetS. 
The prevalence of increased BMI and WC was significantly high-
er in patients with both lumbar pain and MetS than in patients 
with lumbar pain only [11]. It is possibly the most relevant ele-
ment that may cause lumbar pain. In fact, a 30-year study based 
on a prospective cohort of construction workers found a positive, 
almost linear association between BMI and LSS: the prevalence 
increased by 10% for each additional unit of BMI, proving obese 
and overweight individuals to be at increased risk of LSS [17].

Spondylolisthesis and lumbar pain were significantly more 
frequent in patients with both MetS and LSS than in patients 
with LSS only. Overweight and obesity are known to be asso-
ciated with pain of different origins [18] and chronic systemic 
inflammation appears to be an additional triggering factor of 
pain in these patients [19]. The observed association between 
lumbar pain and MetS raises the question of whether lumbar 
pain is due to structural factors alone or may also be promoted 
by inflammatory MetS components.

Somewhat surprisingly, HDL-c levels were significantly 
lower in the MetS group and total cholesterol levels were sig-
nificantly higher in non-MetS LSS patients. This finding may 
be explained by the fact that only 16% of our non-MetS pa-
tients used statins or fibrates continuously, while 87% of our 
MetS patients received medication. In support of our findings, 
a meta-analysis of 48 studies showed that dyslipidemia is sig-
nificantly more common in OA than non-OA patients (30% vs. 
8%) and that the risk of developing dyslipidemia is significantly 
greater in OA patients, regardless of the joints involved [20]. 

In the last years, the frequency of obesity and metabolic syn-
drome has increases and it is an important public health problem 
[21,22].

The cross-sectional study design adopted made it difficult to ex-
trapolate our results to other populations. A larger sample might 
have yielded more robust results, with greater relevance to sim-
ilar populations. Conducting the study in a private clinic may 

not have allowed us to obtain a fully representative sample of 
the population. Due to the lack of measurement of inflamma-
tory markers, the association between MetS/LSS and chronic 
inflammation could not be investigated.

MetS is highly prevalent among LSS patients, when compared 
to controls. Three variables were significantly associated with 
MetS: DM, blood glucose and BMI. Longitudinal studies would 
help to clarify better the relationship between MetS and LSS; 
however, overweight and obesity are possible explanations to 
lumbar pain. Our results presented might suggest LSS is as-
sociated with MetS and highlight the importance of measures 
preventive of cardiovascular disorders in this musculoskeletal 
disorder. For those physicians who deal with patients with low 
back pain, it is important to detect overweight, obesity and DM, 
since they seems to be risk factors for LSS.



Scroff and co-workers compared immune responses 
to the BNT162b2 mRNA coronavirus disease 2019 
vaccine in patients with solid tumors (n=53) who were 
on active cytotoxic anti-cancer therapy to a control 
cohort of participants without cancer (n=50). Neutralizing 
antibodies were detected in 67% of patients with cancer 
after the first immunization, followed by a threefold 
increase in median titers after the second dose. Similar 
patterns were observed for spike protein-specific serum 
antibodies and T cells, but the magnitude of each of these 
responses was diminished relative to the control cohort. 
In most patients with cancer, the authors detected spike 
receptor-binding domain and other S1-specific memory 
B cell subsets as potential predictors of anamnestic 

responses to additional immunizations. The researchers 
therefore initiated a phase 1 trial for 20 cancer cohort 
participants of a third vaccine dose of BNT162b2 primary 
outcomes were immune responses, with a secondary 
outcome of safety. At 1 week after a third immunization, 
16 participants demonstrated a median threefold increase 
in neutralizing antibody responses, but no improvement 
was observed in T cell responses. Adverse events were 
mild. These results suggest that a third dose of BNT162b2 
is safe, improves humoral immunity against SARS-CoV-2 
and could be immunologically beneficial for patients with 
cancer on active chemotherapy.

The global supply of COVID-19 vaccines remains limited. 
An understanding of the immune response that is predictive 
of protection could facilitate rapid licensure of new vaccines. 
Data from a randomized efficacy trial of the ChAdOx1 
nCoV-19 (AZD1222) vaccine in the United Kingdom was 
analyzed by Feng et al. to determine the antibody levels 
associated with protection against SARS-CoV-2. Binding 
and neutralizing antibodies at 28 days after the second 
dose were measured in infected and non-infected vaccine 
recipients. Higher levels of all immune markers were 
correlated with a reduced risk of symptomatic infection. 
A vaccine efficacy of 80% against symptomatic infection 
with majority Alpha (B.1.1.7) variant of SARS-CoV-2 was 

achieved with 264 (95%CI [95% confidence interval] 108–
806) binding antibody units (BAU)/ml: and 506 (95%CI 
135–not computed, beyond data range [NC]) BAU/ml for 
anti-spike and anti-RBD antibodies, and 26 (95%-CI NC–
NC) international unit (IU)/ml and 247 (95%CI 101–NC) 
normalized neutralization titers (NF50) for pseudovirus 
and live-virus neutralization, respectively. Immune markers 
were not correlated with asymptomatic infections at the 5% 
significance level. These data can be used to bridge to new 
populations using validated assays, and allow extrapolation 
of efficacy estimates to new COVID-19 vaccines.


