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Abstract
Objective

Ankylosing spondylitis (AS) is suspected to have increased risk of atherosclerosis and cardiovascular disease (CVD) 
mortality. This systematic review and meta-analysis aims to critically study serum lipids and lipoprotein ratios in AS 

compared to healthy control (HC) subjects and determine any significant difference.

Methods
English-language articles were systematically searched in PubMed, Ovid Medline, Embase (Medline records removed), 

and Scopus databases from 1970 to 2021. Random-effects model was used to pool results expressed as standardised 
mean difference (SMD) in the lipid outcomes. Lipid ratios of total ÷ HDL-C and the log10 (TG/HDL-C), i.e. atherogenic 

index of plasma (AIP), were analysed by histograms of differences in weighted means and weighted SDs between AS 
and HC exposure cohorts. 

Results
The meta-analysis included a total of 68 articles, 47 from database search and 21 from reference reviews. 

Pooled Hedges’ g effect size revealed no difference in mean total cholesterol, mean triglycerides, and mean LDL-C 
between AS and HC subjects. However, mean HDL-C was significantly (p<0.001) lower in AS than HC subjects, with 
pooled Hedges’ g (SE) for HDL-C of -0.484 (0.092), with 95% mean CIs [-0.664, -0.305]. In comparing differences

 in AS minus HC weighted means of total  HDL-C ratios, 8 values in HC were below the lowest ratio in AS.

Conclusion
Highly significantly lower HDL-C levels occurred in AS versus HC subjects. The lower HDL-C levels in AS than 
HC populations deserve further study and may be attributable to uninvestigated demographic, exercise capacity, 

or clinical manifestations.
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Introduction
Ankylosing spondylitis (AS) is a chron-
ic inflammatory and deforming condi-
tion of the spine and sacroiliac joints 
(SIJs) (1). It is suspected to have in-
creased cardiovascular disease (CVD) 
morbidity and mortality compared to 
the general population (2), but results 
are not consistent (3). Cardiovascular 
morbidity and mortality in AS are attrib-
uted to atherosclerosis secondary to in-
flammation (2) and structural changes in 
the heart (4). A 2011 systematic review 
and meta-analysis of 13 reports on CVD 
mortality in AS and control cohorts re-
vealed a non-significant higher AS risk 
of myocardial infarction (5). The CVD 
mortality risk in AS was suspected due 
to either systemic inflammation or low-
er HDL cholesterol (HDL-C) levels (5); 
however, as this difference did not reach 
significance, it is challenging to draw 
strong conclusions. In a meta-analysis 
of community-based CVD prevention 
programs and cardiovascular risk fac-
tors, serum HDL-C levels were not im-
proved with intervention strategies (6), 
indicating its unclear determinants.
The ratio of total to HDL (total÷HDL) 
cholesterol was believed to be a supe-
rior predictor of CVD than serum cho-
lesterol by the Framingham study and 
was incorporated in its risk score (7). 
Taken alone, HDL-C was reported to be 
the most specific predictor of CVD in-
cidence and mortality rates (8). A more 
recent indicator of CVD risk is the ath-
erogenic index of plasma (AIP) (9). AIP 
is the log ratio of molar concentrations 
of plasma triglycerides (TG) to HDL-
C (log10 TG÷HDL mmol/L) (9). Males 
tend to have a higher AIP ratio than 
females in accordance with their gener-
ally lower HDL-C levels (7, 10). After 
age adjustment, AIP quartiles correlated 
(p=0.013) with incident ischaemic heart 
disease in a large prospective cohort of 
non-diabetic Korean adult males (11). 
Baseline AIP quartiles were highly 
(p<0.001) correlated with multiple de-
mographics, blood pressure, lipid, and 
C-reactive protein (CRP) risk indicators 
of CVD (11). The AIP as well as total 
cholesterol (TC)÷HDL-C ratios were 
compared in relation to carotid artery 
intima-media thickness (cIMT) in a co-
hort of 52 male AS and matched healthy 

controls (12). Only AIP significantly 
(p=0.002) associated with patients’ 
cIMT and was an independent marker 
of subclinical atherosclerosis (12). 
The primary aim of this meta-analysis is 
to determine if any individual serum li-
pid significantly differs in cross-section-
al cohorts of AS versus healthy control 
(HC) subjects, and to determine any pat-
terns in serum lipid ratio data between 
AS and HC worthy of further explora-
tion. The secondary aim is to investigate 
if any significant lipid difference occurs 
independently or may be influenced by 
pre-defined clinical, demographic, or in-
flammatory moderators.

Methods
Subjects studied
A systematic review was performed in 
accordance with the Preferred Report-
ing Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines 
(13). Case subjects are adults reported 
with AS, including those with radio-
graphic and non-radiographic axial 
spondyloarthritis (axSpA). The control 
subjects are healthy adults included in 
the AS articles. Neither group had re-
ported CVD or therapy to reduce serum 
lipids. Only English-language cross-
sectional or case–control observational 
articles are included which have the 
same lipid outcome data in AS and HC 
subjects. The Newcastle-Ottawa Scale 
(NOS) Quality Instrument was fol-
lowed to establish acceptable quality 
of included articles. Case and control 
subjects were from the same clinical 
source and had similar medical record 
ascertainment of the serum lipid out-
comes of interest. The aim of all includ-
ed studies was comparative analysis of 
serum lipids in AS and HC subjects. 
Representativeness of AS and HC co-
horts were acceptable without evidence 
of selection bias.

Flow chart of selected articles 
The flow chart diagram (Supplemen-
tary Fig. S1) shows numbers of titles 
generated from medical literature data-
base searches in PubMed and Embase 
(Medline records removed) during July 
(n=202) and October (n=24) 2021, ex-
tending from 1970 to October 2021. Of 
the 226 PubMed and Embase articles, 
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163 were excluded. In October 2021, 
OVID Medline and Scopus databases 
were separately searched, yielding 19 
additional non-duplicate titles, of which 
17 were excluded. Database searches 
yielded a total of 65 full-text articles, 
which were further assessed for eligi-
bility. Full text articles were reviewed if 
an abstract did not definitively specify 

required data for eligibility. Of the 65 
full-text articles assessed for eligibility, 
17 were excluded, yielding 48 eligible 
database articles. These 48 accepted 
database articles included 1,960 refer-
ences, which generated an additional 95 
titles for full-text review. Twenty arti-
cles from references were subsequently 
identified as eligible for inclusion in the 

meta-analysis, yielding a total of 68 ar-
ticles (16-83) (Suppl. Fig. S1). 
All reference searches used the follow-
ing key terms: “ankylosing spondyli-
tis” or “spondylitis” or “spondylitides” 
or “spondyloarthritis” or “spondylar-
thritis”; and “cholesterol (C)” or “tri-
glycerides (TG)” or “high-density li-
poprotein (HDL) cholesterol” or “low-

Table I. Random-effects models of differences in lipids of ankylosing spondylitis minus healthy control subjects

Serum lipids 	 k	 Pooled 	 SE	 95% CI	 p-values	 Cochrane’s Q	 I2

		  Hedges’ g	

Total cholesterol (mg/dL)	 58	 -0.133	 .073	 [-0.277, 0.011]	 0.069	 Q (df = 57) = 342.95***	 86.6%
Triglycerides (mg/dL)	 61	 -0.013	 .059	 [-0.103, 0.130]	 0.825	 Q (df = 60) = 293.73***	 80.3%
High density lipoprotein (HDL) cholesterol (mg/dL)	 59	 -0.484	 .092	 [-0.664, -0.305]	 <.001	 Q (df = 58) = 486.77***	 91.5%
Low density lipoprotein (LDL) cholesterol (mg/dL)	 56	 0.015	 .096	 [-0.173, 0.203]	 0.876	 Q (df = 55) = 463.59***	 92.2%

K: number of independent cohort samples; pooled Hedges’ g: pooled standardised mean difference or g; SE: standard error; CI: confidence interval; 
Cochrane’s Q: observed variation; df: degrees of freedom; I2 : percentage variation across studies due to heterogeneity. ***p<0.001.

Fig. 1. Funnel plot of SMD in HDL-C of AS minus HC subjects after excluding outlier (Sakyi SA et al., 2012).
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density lipoprotein (LDL) cholesterol” 
or “lipoproteins” or “serum lipids.” 
English-language articles were selected 
for inclusion if the same lipid data were 
reported in both AS and HC subjects. 
Cohorts were excluded with high-risk 
CVD or statin usage in all subjects as 
well as articles investigating medical 
conditions that affect lipid profiles. A 
summary listing was composed of all 
selected variables for analyses in ac-
cepted cohorts (i.e. Master Lipid Sum-
mary Table). A separate Coding Sheet 
was composed with columns for all 
variables selected for analyses. The 
Master Summary and Coding Sheets 
are available on request from the cor-
responding author. 
Funding for the study was derived from 
a rheumatology research account at the 
University of Illinois Foundation. The 
authors (MLB, SLF, and ATM) re-
viewed and assessed the eligibility of 
selected articles. Yan Cen, SLF, and 
ATM listed reasons for excluding arti-
cles evaluated from the abstract or full 
text review (Suppl. Fig. S1). 
The extracted data are: lead author; re-
port year; mean (SD) ages of AS and 
HC; mean (SD) duration of AS; healthy 
status of HC; country and continent of 
report; total number of AS and HC; 
total numbers and percentages of AS 
having tumour necrosis factor inhibi-
tor (TNFi) therapy; numbers of AS and 
HC by gender; percentage of females; 
mean (SD) of Bath Ankylosing Spon-
dylitis Disease Activity Index (BAS-
DAI) of AS subjects; means (SDs) 
of total cholesterol (C); TG; LDL-C; 
HDL-C; derived ratio of TC ÷ HDL-C; 
derived atherogenic index of plasma 
[(AIP), (log10TG ÷ HDL-C mmol/L)]; 
erythrocyte sedimentation rate [(ESR), 
mm/hr], and C-reactive protein [(CRP), 
mg/L]. 
Mean (SD) data were compared be-
tween AS and HC cohorts. In a minor-
ity of articles, when median and range 
or interquartile range (IQR) were re-
ported, the mean (SD) was estimated 
according to the formulas of Hozo et 
al. (14). When lipid data were present-
ed as mmol/L, values were converted 
to mg/dL. A pre-formatted Excel Cod-
ing Sheet was prepared for entry of all 
variables by two medical student cod-

ers (EOR and AP) independently and 
with confirmation of accuracy.

Statistical analysis 
Summary effect size estimates and 
the corresponding 95% CIs were cal-
culated using random-effects models. 
The statistical heterogeneity of meta-
analysis was assessed using the I2 sta-
tistic. Pre-defined subgroup analyses 
were conducted by selected study-level 
characteristics, e.g. study location (Eu-
rope, Turkey, or other origins), sex (per-
centage females), or source of article 
(database vs. reference search). Forest 
plots were produced to graphically dis-
play the results of the individual stud-
ies along with the summary estimates 
based on the models. The differences 
in AS minus HC values of inflamma-
tory metrics (X-coordinate) and lipids 
(Y-coordinate) were correlated using 
meta-regression models. The bubble 
plots were produced to graphically dis-
play the mixed-effects meta-regression 
model results, as in the study of Jayedi 
et al. (15). Funnel plots were visu-
ally inspected for asymmetry and un-
derwent Egger’s test for asymmetry. 
Leave-one-out sensitivity analysis was 
carried out by sequentially omitting in-
dividual studies to explore whether the 
results were significantly influenced by 
a specific study. Outliers and influen-
tial cases were identified using deletion 
diagnostics. Externally standardised 
residuals were used to check the outli-
ers; DFFITS (difference in fits), Cook’s 
distance, and hat values were used to 
identify the influential cases. A case 
may be considered to be “influential” 
if at least one of the following is true: 
(1) the absolute DFFITS value is larger 
than 3*SQRT(p/(k-p)), where p is the 
number of mode coefficients and k is 
the number of studies; (2) the lower 
tail area of a chi-square distribution 
with p degrees of freedom cut off by 
the Cook’s distance is larger than 50%, 
(3) the hat value (diagonal elements of 
the hat matrix) is larger than 3*(p/k). 
A study may be considered influential 
if its exclusion from the analysis leads 
to considerable changes in the fitted 
model. The accepted 68 articles (16-83) 
are listed in References in essentially 
chronologic order. This meta-analysis 

of serum lipids was performed using 
the “metafor” package version 3.4-0 in 
R version 4.1.2. 
Meta-analysis of the TG/HDL-C ratio 
in the general population revealed a sig-
nificantly higher risk of CV events in 
participants with the highest ratio, com-
pared to those with the lowest TG/HDL-
C ratio (84). Meta-analyses of the ratio 
of 2 random variables, like log10 (TG/
HDL-C), do not yield reliable results 
(85-87), unless the denominator mean is 
high compared to its variance and the ra-
tio does not cross zero (85). The preced-
ing qualifications (85-87) determined 
that weighted means (SDs) be used in 
analysis of the ratios of total ÷ HDL-C 
and log10 (TG/HDL-C) in AS versus HC 
subjects. To examine lipid ratios across 
studies, the total cholesterol divided by 
the HDL-C value was derived from each 
study as a group function (7). These data 
were also log transformed to derive AIP 
(9). Because the original studies did 
not report these ratios, the variance of 
each ratio could not be determined. As 
such, only descriptive statistics (means, 
standard deviations) were obtained for 
the ratios of AS and HC cohorts. His-
tograms of the weighted averages of 
the ratios were calculated along with 
weighted standard deviations to account 
for the differences in sample size of the 
groups across cohorts.

Results
This meta-analysis included 68 articles 
(16-83) with the same lipid data on AS 
and HC subjects in 56 to 61 cohorts (Ta-
ble I, column k). Mean total cholesterol, 
mean TG, and mean LDL-C did not dif-
fer significantly between AS and HC 
subjects. However, the pooled Hedges’ 
g for HDL-C of -0.484, with standard er-
ror (SE) of 0.092, and 95% CIs (-0.664, 
-0.305), reflects highly (p<0.001) sig-
nificantly lower mean HDL-C values in 
AS than HC subjects. Cochrane’s Q per-
centage heterogeneity was highly sig-
nificantly different in all lipids, ranging 
from 80.3 (TG) to 92.2 (LDL-C). One 
study (41), Sakyi SA et al., 2012, was 
identified as an influential HDL-C case. 
After excluding this case, the conclu-
sion regarding significantly lower HDL-
C in AS than HC subjects remained 
the same, with the pooled Hedges’ g of 
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Fig. 2. Forest plot and subgroup analysis of total cholesterol by Geographic Regions.
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Fig. 3. Forest plots for the subgroup analysis of HDL-C according to the Article Source.
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Fig. 4. Forest plot and subgroup analysis of HDL-C by Geographic Regions.



1869Clinical and Experimental Rheumatology 2023

Meta-analysis of lipids in ankylosing spondylitis / A.T. Masi et al.

-0.42 (-0.56, -0.28). The funnel plot ex-
cluding the influential case (41), did not 
show asymmetry (Fig. 1) and Egger’s 
test, commonly used to assess potential 
publication bias in a meta-analysis, is 
non-significant, p=0.068.
Forest plot of total cholesterol (TC) 
level standardised mean differences 
(SMDs) of AS minus HC were ana-
lysed by geographic regions (Fig. 2). 
The total unsegregated forest plot of 58 
cohorts in all specified regions may be 
requested from the corresponding au-
thor. The 21 articles from Europe have 
a pooled Hedges’ g of -0.29 (-0.53, 
-0.05), p=0.017. Pooled Hedges’ g 
of 22 Turkish articles is -0.06 (-0.24, 
0.13), p=0.543, and 13 articles from 
other specified regions is 0.00 (-0.36, 
0.37), p=0.992. Geographic regions do 
not modify the pooled Hedges’ g effect 
of AS on total cholesterol; the test for 
subgroup differences is non-significant 
(p=0.224), as shown in Figure 2.
The pooled Hedges’ g (95% CI) of 
HDL-C in AS versus HC cohorts in 
41 articles identified from database 
search is -0.61 (-0.84, -0.37), p<0.001, 
as compared to the 18 articles derived 
from references of -0.21 (-0.43, 0.00), 
p=0.050 (Fig. 3). The subgroups differ 
slightly (p=0.043), possibly due to a 
stronger AS versus HC differential in 
HDL-C in the larger database cohort, 
or the effect of the identified influential  
article by Sakyi SA et al., 2012. 
Forest plot of the subgroup analysis of 
HDL-C by geographic regions (Fig. 4) 
shows significantly lower mean values 
for AS than HC subjects in each of the 
three regions with no significant sub-
group difference (p=0.190). The mean 
SMD (95% CI) of 21 European articles 
is -0.51 (-0.76, -0.26), p<0.001, versus 
22 Turkish articles having mean SMD 
of -0.30 (-0.49, -0.11), p=0.002, and 
15 other articles having mean SMD of 
-0.73 (-0.66, -0.30), p=0.010 (Fig. 4). 
The forest plot of 59 unified HDL-C 
differences in AS minus HC subgroups 
is available on request from the corre-
sponding author. 
Moderator factors and indicators of in-
flammation, including ESR, CRP, and 
anti-TNF therapy in AS, were exam-
ined by meta-regression to investigate 
the significantly lower HDL-C levels in 

AS versus HC subjects (Table II). The 
AS minus HC difference in HDL-C was 
not related to meta-regression differ-
ence in CRP (p=0.37), ESR (p=0.13), 
or TNFi therapy (p=0.83) (Table II). 
The only significant (p<0.001) meta-
regression was between triglycerides 
and CRP (Table II, Suppl. Fig. S2). The 
complimentary ESR difference in AS 
minus HC subjects and TG was non-
significant (p=0.60) and had a positive 
regression slope (Table II). 
The weighted mean (SD) ratio of 
total÷HDL cholesterol for AS (Panel 
A) is 3.95 (0.507), which is greater 
than the weighted mean (SD) for HC 
(Panel C) of 3.64 (0.458) (Fig. 5). The 
difference in AS minus HC weighted 
means (SDs) for the latter ratio is +0.31 
(1.12), indicating a larger total÷HDL-C 
ratio in AS. These total÷HDL-C histo-
gram panels (A, B, C) are reasonably 
symmetrical, except for HC (Panel C) 
having 8 values below the lowest value 
in AS of 2.90 (Panel A). The weighted 
mean (SD) ratio of log10(TG/HDL-C) 
in AS is 0.346 (0.558) (Panel B), which 
is larger than the HC values of 0.302 
(0.558) (Panel D). Of note, 5 values 
in HC (Panel D) are below the low-
est level in AS of -0.16 (Panel B). The 
AS minus HC difference in weighted 
means (SDs) of log10(TG/HDL-C) is 
0.044 (0.138) (Panel F).

Discussion
A critical interpretation of results in this 
novel systematic review and meta-anal-
ysis of serum lipids in AS versus HC sub-
jects indicates that HDL-C serum levels 
are significantly lower in AS, without 
meaningful difference in other lipids. A 
2011 review of 13 reports on CVD mor-
tality in AS and control cohorts found 
significantly decreased triglycerides, 
total cholesterol, and HDL-C in the AS 
subjects (5). The AS risk of CVD was 
suspected to be increased and attributed 
to either systemic inflammation or low-
er HDL-C levels (5). The current results 
therefore extend these findings to dem-
onstrate that across a larger pool of stud-
ies, HDL-C levels are indeed lower in 
AS. Further, no significant relationship 
was found in this study between HDL-C 
serum levels and inflammatory indica-
tors of ESR, CRP, and TNFi therapy. 
Funnel plot of SMD in HDL-C of AS 
minus HC subjects (Fig. 1) was sym-
metrical and did not indicate evidence 
of bias. The HDL-C serum levels were 
lower in AS versus HC subjects in both 
database and reference article sources 
(Fig. 3). No difference was found in the 
lower HDL-C levels of AS versus HC 
subjects by geographic regions (Fig. 
4), suggesting that environmentally-
determined dietary factors may not be a 
prominent influential factor.

Table II. Results of bubble plot meta-regressions of AS minus HC differences in inflamma-
tory metrics and females (X-components) and lipids (Y-components). 

AS minus HC lipid differences	 AS minus HC differences	 Meta-	 p-values	 Slopes of
(Y-axis component)	 in inflammatory metrics	 regression		  regressions
	 and percentage females 	 Qm (df=1)
	  (X-axis component)	
	  	
Total cholesterol	 CRP	 1.30	 0.25	 -0.015
	 ESR	 2.32	 0.13	 0.020
	 TNFi 	 0.32	 0.57	 -0.001
	 Females	 0.14	   0.709	 -0.003

Triglycerides	 CRP	           11.37	 <.001	 -0.033
	 ESR	 0.27	 0.60	 0.007
	 TNFi	 1.93	 0.16	 0.003
	 Females	 0.25	    0.618	 0.003

HDL cholesterol	 CRP	 0.80	 0.37	 0.011
	 ESR	 2.29	 0.13	 -0.029
	 TNFi	 0.04	 0.83	 0.001
	 Females	 2.74	  0.10	 -0.013

LDL cholesterol	 CRP	 1.73	 0.19	 -0.017
	 ESR	 2.10	 0.15	 0.030
	 TNFi 	  0.00	 0.99	 0.000
	 Females	  0.31	       0.577	 0.004
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Lipid-related molecules share metabol-
ic pathways, and it is difficult to distin-
guish the effect of one versus another 
in health and various diseases (6-8). 
The main structural difference between 
LDL-C and HDL-C particles is that the 
former has 25% protein whereas the 
latter has 50% protein. High-density li-
poprotein cholesterol is the most com-
plex class of heterogenous lipoproteins 

and its roles in diseases are poorly un-
derstood (6). The HDL-C is referred to 
as “good cholesterol” because higher 
levels are negatively associated with 
CVD, whereas LDL-C is referred to as 
“bad cholesterol” because of its posi-
tive CVD association (7, 8). Determi-
nant factors for each lipid particle, like 
genetics, diet, physical capacity, body 
mass index (BMI), and insulin levels, 

have not been clearly differentiated or 
independently established (6).
Previous literature has shown several 
factors that can influence HDL-C levels 
in various populations, but not specifi-
cally AS. In an 8-year population-based 
longitudinal study of CVD risk factors 
in non-diabetic subjects, baseline fast-
ing insulin was negatively correlated 
with HDL-C levels (p<0.05) after ad-

Fig. 5. Histograms of weighted means (SDs) of total C/HDL-C and log(TG/HDL-C) ratios in AS and HC subjects.
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justment for age and BMI (88). Alcohol 
consumption was positively associated 
with HDL-C level in 5 population stud-
ies as a graded response even over low 
levels of consumption (89). Diet and in-
creased physical activity resulted in de-
creased insulin resistance and increased 
HDL-C in control studies of overweight 
or obese persons (90). Exercise training 
alone for 3 months, without modifica-
tion of dietary intake, increased HDL-C 
from mean (SD) 38 (10) to 41 (11) mg/
dL (p<0.001) (91). In the latter study 
(91) of coronary population with mean 
age (SD) 61.2 (12.2) years, no signifi-
cant lipid or insulin changes occurred. 
In AS or axSpA, it is not known if 
serum lipid profiles vary with cardio-
vascular risk (CVR) classification, as 
altered by the presence or absence of 
cIMT (92). Future studies are needed to 
determine if personal dietary lifestyle 
or long-duration physical activity limi-
tations in AS are mainly responsible for 
the lower HDL-C serum levels than HC 
controls.
Systemic inflammatory mechanisms 
do not appear responsible for the sig-
nificantly lower HDL-C levels in AS 
versus HC, as there were no significant 
effects of ESR, CRP, or TNFi therapy 
on HDL-C. The overall relation of in-
flammatory indicators in this study (Ta-
ble II) do not seem to contribute to the 
significantly lower HDL-C levels in AS 
versus HC subjects. 
A historical review of serum lipids in 
AS revealed a gradual conceptual evo-
lution. Lower triglycerides and total 
cholesterol were reported in 8 AS males 
than population controls in 1978 (16). 
In 2010, serum lipids were reported 
associated with signs of accelerated 
preclinical atherosclerosis, including 
carotid intima media thickness (cIMT), 
in AS patients (33). In 2017, the LDL-
C/HDL-C ratio and atherosclerosis was 
reported greater in AS than control pa-
tients and found correlated with cIMT 
(68). In 2018, atherogenic index of 
plasma was reported a useful marker 
in AS for subclinical atherosclerosis 
and was associated with cIMT (71). In 
2021, HDL-C was reported significant-
ly lower, and BMI significantly higher, 
in AS than non-radiographic axSpA pa-
tients (81). In a cohort of 60 AS and 60 

HC subjects, arginine levels correlated 
positively with HDL-C and were signif-
icantly lower in 25 AS patients treated 
with TNFi therapy than the HC subjects 
(82). Age, disease duration, disease ac-
tivity, inflammatory biomarkers, and 
obesity are being recognised as accel-
erating cIMT and other atherosclerosis 
indicators in AS patients (81-83, 92).
Ratios do not respond symmetrically 
to changes in the numerator and de-
nominator and do not follow normal 
distributions, resulting in biased means, 
variance, or linear slopes, particularly 
in large-scale meta-analyses (85-87). 
Hence, we pursued weighted mean 
analyses to analyse the combined co-
horts’ ratio data. The ratio data for li-
pids indicate that there may be a differ-
ence between AS and HC in the total 
cholesterol÷HDL-C. We are unable to 
conclude if this difference is statistical-
ly significant due to the unknown varia-
bility around these ratios. Nevertheless, 
it is of interest and future studies should 
analyse these ratios between their AS 
and HC populations. If such difference 
were consistently found across studies, 
it would strengthen the significantly 
lower level of HDL-C in AS versus HC 
populations. 
A limitation of this systematic review 
and meta-analysis is that all data are 
derived from cross-sectional, retrospec-
tive studies and none are longitudinal to 
know if significant relations persist over 
a meaningful duration. Also, no causal 
pathways can be suggested from the 
cross-sectional design. Bias could have 
operated without detection or resulted 
from incomplete retrieval of desired 
articles to test a valid relation of sub-
ject and outcome groups. Future studies 
could focus on early stage AS patients 
carefully matched to HC subjects and 
followed at least 5 years to determine 
if any significant initial correlations 
are influenced by onset age, disease 
duration, or moderator factors. Further 
analysis of moderator factors diminish-
ing HDL-C levels promise to enhance 
the validity of the present findings and 
explain underlying mechanisms. The 
AS cohorts showed considerable vari-
ation by disease duration, age, gender, 
geographic origin, disease activity, and 
therapy. However, examination of these 

factors do not appear to have influenced 
the main results. The high heterogene-
ity of results in this meta-analysis limits 
the generalisation of the conclusions for 
a full spectrum of AS patients. Whether 
the observed lower levels of HDL-C in 
AS are resultant from physical activity 
limitations consequent to the disease, or 
its spinal structural alterations, is unde-
termined. 
Our analysis has strengths including 
the extensive review and concordant 
results in subgroup analyses. The study 
design is favourable because most me-
diating variables in AS were matched 
in the selection of HC subjects in each 
cohort. Selection bias was not evident 
in full-text reviews, nor in funnel plot 
analysis. For HDL-C, after excluding 
the influential case (41, Sakyi SA et 
al.), the conclusion about significant 
difference between AS and control re-
mained the same. 
In summary, the main finding of this 
cross-sectional, retrospective system-
atic review and meta-analysis is the sig-
nificantly lower mean HDL-C levels in 
AS versus HC subjects. Further, there 
appears to be a complementary increase 
in the ratio of total ÷ HDL-C serum lev-
els. The lower HDL-C level in AS did 
not result from geographic areas, differ-
ences in percentage females in cohorts, 
nor inflammatory metrics of AS minus 
HC differences in ESR, CRP, or TNFi 
therapy. The strength of evidence was 
consistent for articles derived from da-
tabase versus reference searches. These 
data indicate that HDL-C levels are 
lower in a large-scale, cross-sectional, 
heterogeneous cohort of AS subjects, 
and further investigation is warranted to 
determine the genesis of this alteration. 
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