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Searching the lipidome for answers to prevent and treat

non-commuhnicable diseases

Louise van den Berg, Corinna Walsh

Non-communicable diseases (NCDs), once restricted to certain
affluent societies, currently represent 70% of all global mortality,
and are predicted to be the leading cause of morbidity and
mortality in all regions of the world by 2030." Cardiovascular
diseases (CVD) and diabetes count among the four NCDs that
cause over 80% of all premature deaths. Finding effective ways
to predict, prevent and treat these diseases is, therefore, essential
to address this growing threat to global health and economic
security.'?

The significant drivers for NCDs, particularly CVD and
diabetes, are modifiable behavioural risk factors, including
unhealthy diets and physical inactivity, which cause a specific
clustering of metabolic abnormalities referred to as the metabolic
syndrome (MetS). The severity of these metabolic abnormalities
predicts the risk for and progression to the associated NCDs.
The MetS is defined as the presence of at least three out of
five clinical risk factors, namely abdominal obesity (defined
by waist circumference above population-specific thresholds),
hypertension, insulin resistance, elevated serum triglycerides and
low serum high-density lipoprotein cholesterol.*

Obesity, however, is not a homogeneous condition across
individuals. The MetS and associated metabolic abnormalities
occur in some apparently healthy and lean individuals.®
Moreover, 25-40% of obese individuals do not present with
metabolic abnormalities associated with the MetS,” although
recent studies do suggest that metabolically healthy obesity (HO)
is transient and, over time, does transform to the MetS.*® Simple
anthropometric screening, therefore, does not always reflect the
biological effects of excessive body fat on health. Additional
molecular characterisations of lean and obese phenotypes are
needed to assess the risk of developing subsequent metabolic
conditions at the individual level.

One area of study for finding predictive biomarkers is the
lipidome, including the adipose tissue, circulating free fatty
acids, and the phospholipid bilayers that constitute cellular and
sub-cellular membranes. Adipose tissue, far from just a caloric
reservoir, is metabolically active. In the obese state, the enlarged
adipose tissue is transformed by macrophage infiltration and
enhanced inflammatory activity, causing increased levels of
circulating pro-inflammatory cytokines. These cytokines include
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tumour necrosis factor-alpha and interleukin-6, which are
associated with insulin resistance’ and increased risk for CVD
and type 2 diabetes mellitus (T2DM).!*2

The serum/plasma free fatty acid profile, in turn,
reflects fatty acid metabolism and dietary intake, providing
an objective assessment of dietary fat composition that is
potentially independent of the errors associated with reliance
on self-reported dietary intake. Obese individuals present with
chronically elevated circulating free fatty acid levels, which may,
therefore, serve as a biomarker of obesity-associated MetS and
CVD."

Increased risk for NCDs has been associated with higher levels
of circulating and phospholipid bilayer-associated saturated
fatty acids (SFAs); studies indicate that increasing membrane
rigidity may be one plausible mechanism by which SFA levels
are associated with the risk for T2DM and CVD." Conversely,
long-chain mono-unsaturated fatty acids (LCMUFAs) and long-
chain poly-unsaturated fatty acids (LCPUFAs) contribute to the
fluidity of the phospholipid bilayers, which could explain at least
some of the protective effects against NCDs reported in many
studies. Beyond membrane fluidity, n-6 and n-3 LCPUFASs in the
phospholipid bilayers serve as substrates for several enzymes that
produce pro- and anti-inflammatory oxylipins, rendering them
potent modulators of cytokine production.'

The distinction between HO and the MetS was recently
proposed to be related to the degree of chronic inflammation
present.” An increase in plasma and phospholipid bilayer-
associated n-6 results in a decrease of n-3 LCPUFAs in the
plasma and phospholipid bilayers, and higher concentrations
of plasma n-6 oxylipins;" therefore, an increased n-6/n-3 ratio is
associated with increased inflammation in obesity."

A recent meta-analysis of 21 studies” found that the
composition of LCPUFAs in the circulation and phospholipid
bilayers differed significantly between overweight and obese
compared to normal-weight subjects. Obese subjects had
significantly lower n-6 linolenic acid (LA) levels and significantly
higher levels of dihomo-y-linolenic acid (DGLA), compared
with controls in all the investigated biomarkers. The meta-
analysis also found that the activity of A6-desaturase, which
converts GLA (which in turn, is derived from LA in the
phospholipid bilayers) to DGLA, was significantly increased
in the overweight and obese subjects. Conversely, the activity
of A5-desaturase, which converts DGLA to arachidonic acid
(AA), was significantly decreased in the overweight and obese
subjects.

Overall, this accounts for the accumulation of DGLA, which
is a crucial player in the synthetic pathway for pro-inflammatory
oxylipins; therefore elevated levels of this LCPUFA may
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contribute to the inflammatory phenotype in obesity and
the MetS.” Indeed, a set of four recent studies found that
circulating levels of DGLA and the SFA, palmitoleic acid (PA),
in particular, were predictive of the risk of developing the MSet
or diabetes remission after metabolic surgery in a group of obese
subjects, and were also potential markers for the inflammatory
status of the subject.’

In this issue of the journal (page 228), Ojwang et al.” applied
factor analysis to identify fatty acid patterns from 11 dietary
fatty acids and 26 individual phospholipid bilayer-associated
fatty acids in 711 black South African adults who participated
in the South African leg of the Prospective Urban and Rural
Epidemiology (PURE) study. Two patterns from dietary fatty
acids and six patterns from phospholipid bilayer-associated fatty
acids were identified that explained the association between fatty
acid patterns with adiposity and the MetS in this population.
The association for dietary fatty acid patterns was weaker
than for phospholipid bilayer-associated fatty acid patterns.
Phospholipid bilayer-associated fatty acid patterns, characterised
by, first, high levels of SFAs and, second, high levels of n-3 very
long-chain PUFAs, were positively associated with measures of
adiposity and the MetS. Phospholipid bilayer-associated fatty
acid patterns, characterised by, first, high levels of LCMUFAs
and, second, high levels of n-3 LCPUFAs, were inversely
associated with the MetS and some measures of adiposity.

In the clinical setting, identifying specific high-risk profiles
of fatty acid and oxylipins in the lipidome could assist in
identifying obese and possibly lean individuals who are most
likely to develop diseases associated with chronic inflammation
or oxidative stress.”” Further research, including polymorphism
analysis of desaturases, may provide a better understanding
of the contribution of LCPUFAs to the development and
consequences of obesity and the MetS."” In the fight against
NCDs, knowledge of beneficial and harmful biomarker profiles
could also assist in improving dietary guidelines for fat intake to
prevent obesity and the MetS.
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Ellisras Longitudinal Study 2017: elevated serum
levels of carboxymethyl-lysine, an advanced glycation
end-product, are associated with higher odds of
developing endothelial dysfunction in black South
African patients with type 2 diabetes mellitus (ELS 29)

Motetelo Alfred Mogale, Catherine Martha Mhlanga, Stanley Sechene Gololo, Agustine Adu

Abstract

This case—control study investigated the association between
major types of serum advanced glycation end-products (AGEs)
and selected serum/plasma markers of endothelial dysfunction
in black patients with type 2 diabetes mellitus at Dr George
Mukhari Academic Hospital. Serum AGEs were measured using
either enzyme-linked immunosorbent assay (ELISA) or spec-
trofluoremetry. Serum markers of endothelial dysfunction were
measured using either ELISA or calometry. The correlation and
associations between major types of serum AGEs and markers
of endothelial dysfunction were investigated using the Spearman
correlation coefficient and bivariate logistic regression analysis,
respectively. Although both serum total immunogenic AGEs and
serum carboxymethyl-lysine (CML) were moderately and nega-
tively associated with endothelial dysfunction, only serum CML
was significantly associated with a higher odds for the develop-
ment of endothelial dysfunction (low nitric oxide levels) in our
diabetic subjects. It can therefore be concluded from this study
that high serum levels of CML may predispose to endothelial
dysfunction in black South Africans with type 2 diabetes.

Keywords: serum AGEs, endothelial dysfunction, markers of
endothelial dysfunction, black South Africans, type 2 diabetes
mellitus
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Clinical and research-based evidence indicates that both type
1 and type 2 diabetes mellitus are associated with long-term
microvascular complications (nephropathy, retinopathy and
neuropathy) and macrovascular complications (myocardial
infarction and cerebrovascular accident).'? Available evidence
also suggests that the pathogenesis of these vascular
complications of diabetes involve endothelial activation or
dysfunction.’ Endothelial dysfunction, defined as impaired
biosynthesis of endothelium-derived nitric oxide (NO) or
its reduced bioavailability, is an established mediator of the
atherosclerotic process.** Indeed, most of the traditional and
emerging cardiovascular risk factors are known to promote the
development and progression of vascular atherosclerosis through
their deleterious effect on the endothelium.* The development
of endothelial dysfunction in diabetes mellitus is attributable,
among other factors, to the formation and action of advanced
glycation end-products (AGEs).**

AGEs are a heterogeneous group of compounds formed by the
non-enzymatic reaction between reducing sugars such as glucose
and proteins, nucleic acids and lipids.’ The formation of AGEs
is reported to be enhanced by both chronic hyperglycaemia and
oxidative stress, two conditions that are closely associated with
diabetes mellitus.>¢

Available evidence also suggests that in diabetes mellitus,
AGEs may promote endothelial dysfunction via a variety
of mechanisms. Firstly, collagen cross-linked AGEs in the
vascular wall may trap and quench NO on its way from the
endothelium to the smooth muscle layer to stimulate their
relaxation.” Secondly, the interaction of certain serum AGEs
with the receptor for advanced glycation end-products (RAGE)
on vascular endothelial cells results in the activation and
translocation of nuclear factor kappa B (NF-kB) into the
nucleus.® Once in the nucleus, NF-xB up-regulates several genes
whose protein and peptide products are involved in the activation
of the endothelium or endothelial dysfunction.'” Thirdly, serum
AGE/RAGE interaction on the vascular endothelium may result
in deactivation of the enzyme, endothelial nitric oxide synthase
(eNOS), which synthesises NO in the endothelium.’ Fourthly, the
superoxide anion (O,) generated during the formation of AGEs
may react with NO to form the peroxy-nitrite ion (ONOOY,
thereby reducing the bioavailability of NO.>!° Lastly, AGEs may
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impair Ca* signalling in endothelial cells, thereby interfering
with several endothelial cell processes, including the biosynthesis
of NO."

Racial/ethnic disparities in endothelial dysfunction have
been observed in a number of studies. For example, African-
Americans are reported to have reduced NO bioavailability
compared to their Caucasian counterparts.>”® Also, Tibetan
type 2 diabetes patients are reported to have less NO levels than
their Chinese Han counterparts.'* On the other hand, research
evidence has also shown that both tissue and serum AGE
levels may be influenced by genetics.'*”> Taken together, this
information suggests that the association between serum (and
tissue) AGE levels and endothelial dysfunction may be influenced
by the genetic make-up and ethnicity/race of an individual.
However, with the exception of a single study that investigated
the association between serum AGE levels and endothelial
dysfunction among Chinese type 2 diabetes patients,'® there is
no other information in the literature regarding the association
between serum levels of AGEs and endothelial dysfunction.
In particular, no study has ever been conducted to investigate
the association between serum AGE levels and endothelial
dysfunction among type 2 diabetes patients of black African
descent. Therefore, the aim of this study was to investigate the
association between the different types of serum AGEs and
circulating markers of endothelial dysfunction among black
South African patients with type 2 diabetes mellitus.

Methods

A random sample of 138 black type 2 diabetes patients attending
the diabetes clinic of Dr George Mukhari Academic Hospital
(DGMAH) for medical review, and a convenient sample of 81
age-matched non-diabetic control subjects were recruited into
this study. The control subjects were recruited mainly from the
orthopaedic wards of DGMAH. Controls were included in the
study if they had fasting blood glucose level of < 6.1 mmol/l.
Both type 2 diabetes patients and control subjects were excluded
from the study if they had any sign of renal impairment, history
or evidence of any of the factors known to affect endothelial
dysfunction, such as the traditional cardiovascular risk factors,
uncontrolled hypertension, dyslipidaemia, cigarette smoking and
obesity.

All type 2 diabetes patients and control subjects gave their
informed consent after the purpose of the study and their rights
were clearly explained to them. The study was conducted in
accordance with the requirements of the research and ethics
committee of the University of Limpopo (MREC/P/2013/PG).

After an overnight fast, venous blood samples for measurement
of levels of the different types of serum AGEs, urea and
electrolytes, as well as selected circulating markers of endothelial
dysfunction were collected from all participants into blood
collection tubes (BD Vacutainer®, Franklin Lakes, NJ, USA). The
samples were left to clot for 30 min and then centrifuged at 4 000
rpm for 15 min at 4°C. Aliquots of the resultant serum samples
were then stored at —80°C until analysed. For blood glucose and
glycated haemoglobin (HbA, ) measurements, blood samples were
collected into citrate and EDTA blood tubes, respectively.

Serum total immunogenic AGEs (TIAGEs), Ne-carboxymethyl-
lysine (CML) and Ne-carboxyethyl-lysine (CEL) were measured
using STA-317, STA-316 and STA-300 Oxiselect™ ELISA Kkits,

respectively, (2BScientific, Upper Heyford, UK), according to the
manufacturer’s instructions. Fluorescent serum AGEs (FAGEs)
were measured according to the method described by Munch et al."”
In brief, 20 ul of serum was diluted to a volume of 10 ml with 20
mM phosphate buffered saline, pH 7.4. Fluorescence of the diluted
sample was then measured spectrofluorometrically (excitation
at 370 nm and emission at 440 nm) using a GloMaxR multi-
detection spectrofluorometer (Promega Corp, Madison, WI, USA).
Fluorescent readings were expressed as arbitrary units (emission
intensity/excitation intensity).

Plasminogen activator inhibitor-1 (PAI-1) was measured
using ELISA kits purchased from Cell Biolabs, and NO and
endothelin-1 (ET-1) were measured using colorimetric and
immunometric kits, respectively, purchased from Cayman
Chemical’s ACE. Fasting blood glucose levels were measured
using a commercially available glucose oxidase-based kit adapted
to the Beckman Coulter® UniCell DXC 800 Synchron® Clinical
System available in the National Laboratory Health Services
(NLHS) laboratory at the DGMAH. HbA  level was measured
using the immune chemiluminescent assay kit adapted to the
Abbot Architect system Ci 8200 in the NLHS laboratory at
DGMAH, in accordance with the manufacturer’s instructions.

Statistical analysis

All analyses were performed using the Statistical Package for
the Social Sciences (SPSS) software (Version 23.0), SPSS Inc,
Chicago, IL, USA. Continuous variables are expressed as
mean t+ standard deviation (SD) while categorical variables
are expressed as percentages. Means of the experimental and
control groups were compared using the student’s #-test, and p <
0.05 was regarded as statistically significant differences between
the groups. Bivariate logistic regression and the Spearman rank
correlation coefficient were used to determine the association
and correlation between the major types of serum AGEs and
circulating markers of endothelial dysfunction, respectively.
Significance level was set at p < 0.05.

Results

Table 1 shows the demographic, clinical and laboratory
characteristics of the type 2 diabetes patients and the non-diabetic
controls. With the exception of the fasting blood glucose and
HDbA,, levels, there were no significant differences in any other
demographic, clinical or laboratory parameters between the
diabetic and the non-diabetic groups.

As shown in Fig. 1, the mean serum levels of TIAGEs,
CML and CEL were significantly higher in the diabetic than
the non-diabetic group (p < 0.001, p < 0.001 and p < 0.01,
respectively). On the other hand, there was no significant
difference between serum FAGE levels of the diabetic and
non-diabetic groups.

As shown in Fig. 2, the mean NO serum level of the diabetic
patients was significantly lower than that of the non-diabetic
control group (p < 0.001). On the other hand, the mean serum
ET-1 and PAI-1 levels of the diabetic group were significantly
higher than those of the control group (p < 0.05) (Fig. 2).

Gender and age of the study subjects, as well as the
different types of serum AGEs (TIAGEs, CML, CEL and
FAGEs) measured in the diabetic group were correlated with
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Table 1. Demographic, clinical and laboratory
characteristics of the study subjects

Type 2 diabetes Non-diabetic control
group (n=120) group (n=383)

Characteristics mean £ SD mean £ SD p-value
Gender

Male, n (%) 49 (41) 36 (44) 0.512

Female, n (%) 71 (59) 47 (56) 0.734
Age (years) 56.9+£9.4 51.1£9.8 0.152
FBG (mmol/l) 11.6+3.3 52+6.3 0.012*
HbA, (%) 9.7+1.2 6.1+2.6 0.037*
HbA . (mmol/mol) 81+0.99 43+5 0.037*
BMI (kg/m?) 26.6+4.7 258+5.5 0.081
TC (mmol/l) 420+ 1.80 4.03+£0.95 0.174
LDL (mmol/l) 2.3+£0.15 2.1+£0.2 0.511
TG (mmol/l) 1.2£0.5 1.32+£04 0.712
SBP (mmHg) 127+£10.9 128 +8.7 0.141
DBP (mmHg) 81+10.8 82+8.4 0.091
Urea (mmol/l) 6.0£25 5.6%£1.3 0.452
Creatinine (umol/l) 94 +55.9 86.4+21.1 0.318
FBG: fasting blood glucose; HbA : glycated haemoglobin; BMI: body mass
index; TC: total cholesterol; LDL: low-density lipoprotein; TG: triglycerides;
SBP: systolic blood pressure; DBP: diastolic blood pressure; GFR: glumerular
filtration rate.

the corresponding selected circulating markers of endothelial
dysfunction (NO, ET-1 and PAI-1) using the Spearman rank
correlation coefficient (r).

Results shown in Table 2 suggest a significant weak negative
correlation (p < 0.05) between the age of the study subject and
serum levels of NO, as well as a significant moderate negative
correlation between serum TIAGE and NO levels (p < 0.05), and
between serum CML and NO levels (p < 0.05) (Table 2). Table 2
also shows a significant weak positive correlation between serum
TIAGE and ET-1 levels (p < 0.05), as well as between serum
CML and ET-1 levels (p < 0.05).
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Fig. 1. Comparison of median levels of total immunogen-
ic AGEs (TIAGEs), Ne-carboxymethyl-lysine (CML),
Ne-carboxyethyl-lysine (CEL) and fluorescent AGEs

(FAGEs) between the type 2 diabetes and non-diabet-
ic control groups. *Significant at p < 0.01, “significant
at p < 0.001.

Table 2. Correlations between age of the study subjects,

gender, different types of serum AGEs and selected
circulating markers of endothelial dysfunction

Serum NO Serum ET-1 Serum PAI-1
(pmolll) (nglml) (nglml)

Parameters I, p-value I, p-value T, p-value
Age -0.236*  0.031 0.149 0.302 0.080 0.582
Gender 0.191 0.896 0.048 0.741  -0.230 0.109
TIAGESs (ug/ml) -0.382*  0.026 0.279*  0.012  -0.185 0.108
CML (ng/ml) -0.412*  0.011 0.281*  0.021  -0.228 0.112
CEL (ng/ml) -0.015 0.920 0.150 0.297  -0.145 0.758
FAGEs (Au) 0.050 0.722  -0.036 0.802 0.175 0.224
r: Spearman rank correlation coefficient; TTAGESs: total immunogenic
advanced glycation end-products; CML: Ne-carboxymethyl-lysine; CEL:
Ne-carboxyethyl-lysine; FAGEs: fluorescent advanced glycation end-products;
Au: arbitrary units; *Correlation is significant at p < 0.05 level.

Bivariate logistic regression analysis of the association between
age and gender of the diabetic subjects, as well as serum levels
of the major types of serum AGEs with endothelial dysfunction
(serum NO levels less than the first quartile) revealed that only
higher serum levels of CML were significantly associated with
higher crude odds of endothelial dysfunction [COR (95% CI),
1.910 (0.655-0.893) (p < 0.05) (Table 3).

Discussion

As expected, serum levels of TIAGEs, CML and CEL were
found to be significantly higher in the diabetic patient group
compared with the non-diabetic control group. However, serum
FAGE levels of diabetic patients were not significantly different
from those of non-diabetic controls. This observation might be
attributed to the nature of the control group used in the study.
High serum FAGE levels, in particular high serum levels of
pentosidine, the most abundant fluorescent AGE in plasma
and tissues, have been associated with the development and
progression of osteoporosis in diabetic and non-diabetic

NO (umol/l)
ET-1 (pg/ml)
PAI-1 (pg/ml)

NO ET-1 PAI-1

Circulating markers of ED

M Diabetic H Non-diabetic

Fig. 2. Comparison of mean serum levels of nitric oxide
(NO), endothelin-1 (ET-1) and plasminogen activa-

tor inhibitor (PAI-1) between the type 2 diabetes and
non-diabetic control groups. *Significant at p < 0.05;
**significant at p < 0.01.
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Table 3. Bivariate logistic analysis of the association between gender,

age and the major types of serum AGEs with endothelial dysfunction
(less than the first quartile of NO levels)

Parameters COR 95% CI p-value
Age 0.600 1.372-2.62 0.460
Gender 1.040 0.996-1.12 0.296
TIAGESs (ug/ml) 0.348 0.014-8.916 0.523
CML (ng/ml) 1.910 0.655-0.893 0.013*
CEL (ng/ml) 1.172 0.963-1.638 0.112
FAGEs (Au) 0.991 0.882-1.038 0.141
COR: crude odds ratio; CI: confidence interval; TIAGEs: total immunogenic
advanced glycation end-products; CML: Ne-carboxymethyl-lysine; CEL:
Ne-carboxyethyl-lysine; FAGEs: fluorescent advanced glycation end-products;
*Significant at p < 0.05.

menopausal women.'®"” Whether the high level of pentosidine
observed in the cited studies was the cause or product of
osteoporosis is currently not clear. It is possible that our patient
control group, which was recruited from orthopaedic wards at
DGMAH, may have included non-diabetic postmenopausal
women with osteoporosis-related fractures. While this likelihood
was not verified in the current study, it might explain the
observed high levels of FAGE in the non-diabetic control group.

Previous studies reported in the literature have used circulating
levels of NO, ET-1 and PAI-1, among others, as surrogate
markers of endothelial dysfunction in vivo.*** According to
these previous studies, serum levels of NO and its metabolites
are expected to be decreased, while serum levels of both ET-1
and PAI-1 are expected to be increased in conditions associated
with endothelial dysfunction, such as type 2 diabetes mellitus.
Therefore the findings of significantly reduced NO levels and
significantly higher serum levels of both ET-1 and PAI-1 are
in perfect agreement with the results of these previous studies.
However, these findings should be interpreted with caution, since
these circulating markers of endothelial dysfunction may come
from sources other than the vascular endothelium.**

The observation in this study that serum NO levels were
negatively and significantly correlated with the age of the study
subject is in agreement with the well-documented observation
that endothelial function decreases with advanced age.”* The
findings that serum levels of both TIAGEs and CML were
negatively and significantly correlated with serum NO levels
and positively and significantly correlated with serum levels of
ET-1 were also not unexpected, since high levels of some serum
AGEs are known to promote endothelial dysfunction through
their interaction with RAGE on the surface of the vascular
endothelial cell.' The finding that serum CML level was the only
parameter in this study that was significantly associated with
increased odds of developing endothelial dysfunction suggests
that serum CML is the major type of serum AGEs that interacts
with RAGE to promote endothelial dysfunction.

Limitations

There are several limitations that should be taken into consideration
when interpreting results of this study. Firstly, the sample size
was small and study subjects were recruited from a single health
institution, therefore the findings could not be generalised beyond
the study samples. Secondly, the study was cross-sectional and
therefore cause and effect relationships could not be inferred from
the results. Thirdly, the possible confounding effect of exogenous

dietary and smoking-related AGEs on serum AGE levels was
not addressed. Fourthly, the control group selected for this study
might have confounded the results, particularly those of the
FAGEs. Fifthly, we did not concurrently measure serum AGE
levels and circulating markers of endothelial dysfunction of other
South African race groups for comparison purposes.

Despite these limitations, we believe that the results of this
study are of great interest in that they are the first to describe the
status of serum AGE levels among black South African patients
with type 2 diabetes, as well as the association between serum
AGE levels and endothelial dysfunction in black South African
patients with type 2 diabetes mellitus.

Conclusions

The results of this study showed that serum AGE levels
were significantly higher in type 2 diabetes patients than in
non-diabetic black South Africans, and with the exception of
CEL were not influenced by gender. In addition, serum FAGE
levels appeared to be positively associated with increasing age
of the subjects in the non-diabetic controls, but not in in the
diabetic subjects. Furthermore, the findings of this part of
the thesis showed that serum TIAGEs, CML, CEL, ET-1 and
PAI-1 levels were significantly elevated, whereas serum levels of
NO were significantly reduced in black South African patients
with type 2 diabetes compared to those in non-diabetic control
subjects. Moreover, the findings indicated that serum TIAGE
and CML levels, but not CEL and FAGE levels were correlated
with endothelial dysfunction in black South African patients
with type 2 diabetes mellitus. However, only serum CML levels
were associated with a higher odds of developing endothelial
dysfunction in these black South African type 2 diabetes patients.

We acknowledge the contribution of the nursing and medical personnel
as well as the phlebotomists at the diabetes clinic of Dr George Mukhari
Academic Hospital. We are grateful for the research funding obtained from
the National Research Foundation (grant no. TP1407187704).

References

1.  Hegab Z, Gibbons S, Neyses L, Mamas MA. Role of advanced glyca-
tion end products in cardiovascular disease. World J Cardiol 2012; 4:
90-102.

2. Stirban A, Gawlowski T, Roden M. Vascular effects of advanced glyca-
tion end-products: Clinical effects and molecular mechanisms. Mol Met
2014; 3: 94-108.

3. Vita JA and Keaney JF Jr. Endothelial function: a barometer for cardio-
vascular risk? Circulation 2002; 106: 640—-642.

4. Sena CM, Pereira AM, Sei¢a R. Endothelial dysfuction — A major
mediator of diabetic vascular disease. Biochim et Biophys Acta 2013;
1832: 2216-2231.

5. Goh SY and Cooper ME. Role of AGEs in progression and complica-
tions of diabetes. J Clin Endocrinol Metab 2008; 93: 1143-1152.

6. Rojas A, Morales MA. Advanced glycation end products and endothe-
lial functions: a link towards vascular complications in diabetes. Life Sci
2004; 76: 715-730.

7. Bucala R, Tracey KJ, Cerami A. Advanced glycosylation products
quench nitric oxide and mediate defective endothelium-dependent
vasodilatation in experimental diabetes. J Clin Invest 1991; 87: 432-438.

8. Yan SF, D’Agati V, Schidt AM, Ramasamy R. Receptor for Advanced



)

15.

CARDIOVASCULAR JOURNAL OF AFRICA ¢ Volume 30, No 4, July/August 2019

Glycation End Products (RAGE): a formidable force in the pathogenesis
of the cardiovascular complications of diabetes and aging. Curr Mol
Med 2007; 7: 699-710.

Biao XU, Yong JI, Kang YAO, Yue-Xin CAO, Ferro A. Inhibition of
human endothelial cell nitric oxide synthesis by advanced glycation end-
products but not glucose: relevance to diabetes. Diabet Clin Sci 2005;
109: 439-446.

Xu B, Chibber R, Ruggerio D, Kohner E, Ritter J, Ferro A, et al.
Impairment of vascular endothelial nitric oxide synthase activity by
advanced glycation end products. FASEB J 2003; 17: 1289-1291.

Naser N, Januszewski AS, Brown BE, Jenkins AJ, Hill MA, Murphy TV.
Advanced glycation end products acutely impair Ca** signaling in bovine
aortic endothelial cells. Front Physiol 2013; 4: 38-45.

Marjonneke JM, Mohamed ME, Ahmed HT, Al-Homsi H,
Al-Mahmoud KAS, Al-Obaidli A , et al. Ethnic and gender differences
in AGEs measured by skin auto-fluorescence. Dermatol Endocrinol
2013; 5: 325-330.

Mulukutla SR, Venkitachalam L, Bambs C, Kip KE, Aiyer A,
Marroquin OC, et al. Black race is associated with digital artery
endothelial dysfunction: results from the HEART SCORE study. Eur
Heart J 2010; 22: 2808-2815.

Tessari P, Cecchet D, Cosma A, et al. Nitric oxide synthesis is reduced
in subjects with type 2 diabetes and nephropathy. Diabetes 2010; 59(9):
2152-2159.

Leslie DR, Beyan H, Sawtell P, Boehm BO, Spector TD, Snieder H.

Level of an advanced glycated end product is genetically determined.

17.

18.

19.

20.

21.

22.

Diabetes 2003; 52: 2441-2444.

Tan KCB, Chow WS, Ai VHG, Metz C, Bucala R, Lam KS. Advanced
glycation end products and endothelial dysfunction in type 2 diabetes.
Diabetes Care 2002; 25: 1055-1059.

Munch G, Keis R, Wessels A, Riederer P, Bahner U, Heidland A, et al.
Determination of advanced glycation end products in serum by fluo-
rescence spectroscopy and competitive ELISA, Eur J Clin Chem Clin
Biochem 1997; 35: 669-677.

Yang DH, Chiang TI, Chang IC, Lin FH, Wei CC, Cheng YW.
increased levels of circulating advanced glycation end-products in
menopausal women with osteoporosis. Int J Med Sci 2014; 11: 453-460.
Yamamoto M, Yamaguchi T, Yamauchi M, Yano S, Sugimoto. Serum
pentosidine levels are positively associated with the presence of verte-
bral fractures in postmenopausal women with type 2 diabetes. J Clin
Endocrinol Metab 2007; 93: 1013-1019.

Deanfield JE, Halcox JP, Rabelink TJ. Endothelial function and
dysfunction: testing and clinical relevance. Circulation 2007; 115:
1285-1295.

Vlassara H, Uribarri J, Ferruci L. Identifying AGEs as a major source
of oxidants in aging: Implications for the management and/or preven-
tion of reduced renal function in elderly persons. Clin Diabetes 2009;
29: 594-603.

Kanamori MJ, Selim MM, Takiddin AH, Al-Homsi H, Al-Mahmoud
KA, Al-Obaidli A et al. Ethnic and gender differences in advanced
glycation end products measured by skin auto-fluorescence. Dermatotol
Endocrinol 2013; 5(2): 325-330.

New, cheaper pill taken with statins lowers LDL cholesterol more

A small biotech company has a shot at shaking up a
market roosted by giants, moving towards approval with
a pill it believes can lower bad cholesterol at a discount to
other medicines, reports Stat News. According to Esperion
Therapeutics, a combination of its once-a-day treatment and
a maximum dose of statin lowered LDL cholesterol 18%
more than statins alone after 12 weeks.

The results come from the last of five successful trials
on Esperion’s drug, called bempedoic acid. The company
plans to submit all of its data to the US Food and Drug
Administration in the early months of 2019.

The report says the most important finding of the latest
bempedoic acid trial related to safety. In the 779-patient
study, Esperion’s drug was indistinguishable from placebo
when it came to side effects and deaths. That’s important
because, in an earlier trial involving more than 2 200 subjects,
more patients getting bempedoic acid died than those getting
placebo. The difference wasn’t big enough to rule out random
chance, and none of the deaths was blamed on the drug, but
it was enough to stoke concern that the FDA might think
twice about approving Esperion’s treatment.

‘From my perspective, I think the noise around those
imbalances should not be overestimated in importance,” said
Dr Steven Nissen, a cardiologist at the Cleveland Clinic
who has served as unpaid investigator of bempedoic acid. ‘I
certainly don’t think it’s a regulatory issue at this point.’

The report says Esperion’s drug is meant for patients
who have had a cardiovascular event, like a heart attack or
a stroke, and who are getting as large a dose of statins as
they can handle. The drug is widely expected to win FDA
approval and hit the market in 2020, and that’s when the
company will find out whether its Goldilocks plan can turn
bempedoic acid into a commercial success.

As it stands, the vast majority of at-risk patients get
statins, which have long since gone generic and are available
for pennies a day for those with insurance. If bad LDL
cholesterol levels stay high, doctors prescribe the now-generic
Zetia. And in extreme cases, they reach for injected treatments
from Amgen and partners Regeneron Pharmaceuticals and
Sanofi, drugs that block a protein called PCSK9.

continued on page 215...
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Performance of HAS-BLED and CRUSADE risk scores
for the prediction of haemorrhagic events in patients
with stable coronary artery disease

Ersin Yildirim, Okkes Uku, Mehmet Nail Bilen, Ozlem Secen

Abstract

We aimed to compare the power of the HAS-BLED and
CRUSADE risk scores in predicting in-hospital bleeding
events in patients with stable coronary artery disease undergo-
ing elective coronary angiography. A total of 405 consecutive
patients were included in the study. The mean HAS-BLED
score was significantly higher (p < 0.001) in the in-hospital
bleeding group. In patients with a HAS-BLED score > 3, the
in-hospital bleeding rate was significantly higher than in those
with a HAS-BLED score < 3 (p < 0.001). Receiver operating
characteristic curve analysis revealed that the HAS-BLED
score was superior in predicting in-hospital bleeding events
compared to the CRUSADE score [area under the curve
(AUC) = 0.684 vs 0.569, respectively, p = 0.002]. Also
in the percutaneous coronary intervention subgroup, the
HAS-BLED score was superior to the CRUSADE score
(AUC = 0.722 vs 0.520, respectively, p = 0.002). We showed
that the HAS-BLED and CRUDASE scores are helpful in
stable patients undergoing elective coronary angiography.
Our results suggest that as a practical, easy-to-implement and
more predictive scoring system, the HAS-BLED score was
more useful for predicting in-hospital bleeding in patients
who did not present with acute coronary syndrome.
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Bleeding is one of the most common problems in the clinic post
coronary angiography. Many patients undergoing coronary
angiography need antithrombotic treatment and simultaneously
have other co-morbid diseases, leading to more frequent bleeding
problems.'? For this reason, a number of risk scores have been
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developed in order to predict bleeding events. One of the most
important ones is the CRUSADE risk score, which has been
proven effective for predicting the bleeding risk in patients
presenting with non-ST segment elevation myocardial infarction
(NSTEMI).> However, a reliable scoring system that can predict
bleeding risk has not been identified yet for patients with stable
coronary artery disease, which constitutes a large part of our
daily practice.

Bleeding is an important cause of co-morbidity, not only
in patients with coronary artery disease, but also for diseases
requiring anticoagulation therapy, such as atrial fibrillation
(AF). In patients with AF, the HAS-BLED bleeding risk score
is one of the most useful scoring systems used to predict the risk
of bleeding.* Several studies have previously demonstrated that
the HAS-BLED risk score is an important predictor of bleeding
in patients without AF.>” However, a valid bleeding risk score
has not been established in patients undergoing elective coronary
angiography, except for those presenting with acute coronary
syndrome (ACS). In this study, we aimed to determine whether
significant risk scores, such as the HAS-BLED and CRUSADE,
are useful in predicting the risk of in-hospital bleeding in patients
undergoing elective coronary angiography.

Methods

Following ethical committee approval, 405 elective coronary
angiography patients, who were treated in our coronary
angiography unit, were included in the study. Patients with
ST-segment elevation myocardial infarction (STEMI), NSTEMI
patients, those undergoing coronary angiography after sudden
cardiac events, patients with a dynamic ECG or cardiac enzyme
changes, and those with unstable angina were excluded from the
study. Patients with known or suspected stable coronary artery
disease only were included in the study.

Data on the clinical and demographic characteristics of the
patients, history of diabetes mellitus, hypertension, smoking,
stroke or neurological disease, coronary artery disease, cardiac
failure and medications were recorded from the patients and the
patient files. Patients were divided into two groups according
to whether or not bleeding occurred during in-hospital follow
ups. These groups were compared in terms of demographic
characteristics and risk factors.

The groups with and without bleeding were compared
using the HAS-BLED and CRUSADE risk scores. When
the HAS-BLED score was calculated, each of the following
parameters was calculated as one point: hypertension (systolic
blood pressure > 160 mmHg), abnormal renal function [defined
as the presence of chronic dialysis or renal transplantation or
serum creatinine > 2.3 mg/dl (203.32 mmol/l)], abnormal liver
function (defined as chronic hepatic disease or biochemical
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evidence of significant hepatic derangement, e.g. bilirubin more
than twice the upper limit of normal, in association with AST/
ALT/ALP more than three times the upper limit of normal),
stroke (previous history of stroke), bleeding (major bleeding
history or predisposition to bleeding), labile INRs (refers to
unstable/high INRs or poor time in therapeutic range < 60%),
elderly (age > 65 years), drug therapy (concomitant therapy such
as antiplatelet agents, NSAIDs) and alcohol intake (consuming
eight or more alcoholic drinks per week).

The CRUSADE score was calculated using baseline
haematocrit, glomerular filtration rate, heart rate on admission,
systolic blood pressure on admission, prior vascular disease,
diabetes mellitus, signs of congestive heart failure on admission
and gender. The Cockcroft-Gault formula was used to calculate
creatinine clearance rate.

In addition to comparing the mean of HAS-BLED and
CRUSADE scores, patients were divided into groups according to
HAS-BLED score > 3 (high risk) or 0-2 (low risk), and CRUSADE
score > 40 (high risk), > 30 (medium-high risk) and < 30 (low risk).
The risk groups were then assessed in terms of the incidence of
bleeding. The Bleeding Academic Research Consortium (BARC)
classification was used to classify bleeding. In addition, 130
patients undergoing percutaneous coronary intervention (PCI)
were compared with the same tests in a subgroup analysis.

PCIs were performed via the femoral and radial route by an
experienced interventional cardiologist (Siemens Axiom Artis
zee Angiography System, Germany). Non-ionic low osmolality
contrast medium (Omnipaque 350 MG/ml; GE Healthcare,
Cork, Ireland) was used for the procedures. All stented patients
were given 300 mg aspirin and a 600-mg clopidogrel loading
dose during the procedure. After having visualised the arterial
anatomy, 100 U/kg heparin was administered. Glycoprotein IIb/
IITa use was left to the discretion of the physician. No vascular
closure device was used in any patient. After the sheath was
removed, haemostasis was obtained with direct manual pressure
of the fingertips over the pulse. The pressure was held for
approximately 20 minutes (about three minutes for each French
size) until there was no bleeding.

All patients were transferred to the intensive care unit or
cardiology service after the procedure. Bed rest is generally
required for six hours after a sheath is removed. Stented patients
were continued on 100 mg aspirin and 75 mg clopidogrel. In
patients without stenting, treatment was continued on 100
mg aspirin, but in patients with gastrointestinal intolerance
to aspirin, we used 75 mg clopidogrel instead of aspirin. The
decision for concurrent use of statins, angiotensin converting
enzyme inhibitors, calcium channel blocker and beta-blockers
was made according to the recommendations of the American
College of Cardiology/American Heart Association. No patients
used new oral anticoagulants. The use of non-steroidal anti-
inflammatory drugs was avoided. Patients were followed up with
blood samples and the femoral artery area was checked.

Statistical analysis

Statistical analysis was performed using the SPSS 15.0 for
Windows evaluation version statistical package. Continuous
variables are presented as mean + standard deviation. Categorical
variables are summarised as frequencies. Differences between the
two groups according to continuous variables were determined

by the independent samples z-test. Categorical variables were
compared with the chi-squared or Fisher’s exact test. C-statistics
and receiver operating characteristic (ROC) curve analysis
were used to assess the performance of the HAS-BLED and
CRUSADE bleeding scores. Comparison of ROC curves was
done using the de Long test. A p-value of < 0.05 was considered
statistically significant.

Results

The mean age was higher in the group with in-hospital bleeding
than in the group without bleeding (65.32 £ 11.40 vs 60.01 +
13.57 years, respectively, p = 0.003). Diabetes mellitus was more
frequent among patients in the non-bleeding group compared
to the in-hospital bleeding group (33.8 vs 8%, respectively, p
= 0.001). Potassium and haematocrit values were statistically
significantly lower in the in-hospital bleeding group.

The results of the groups according to bleeding status are
shown in Table 1. Bleeding was observed in 65 patients. Major
bleeding (BARC type 3) was observed in four patients, in the
form of gastrointestinal bleeding in one patient and from
femoral artery haemorrhage in the others. Minor bleeding was
observed in the remaining 61 patients (femoral artery bleeding
in 57, bleeding from the nose in two, and bleeding in the gingiva
in two). Erythrocyte suspension replacement was needed in only
four patients with major haemorrhage. In one patient with major
haemorrhage, a haematoma in the groin was evacuated and the
femoral artery was sutured.

The mean HAS-BLED score of the patients with in-hospital
bleeding was significantly higher than that of the group without
bleeding (2.21 + 1.15 vs 1.49 £ 0.95, p < 0.001). There was no
significant difference between the mean CRUSADE scores of
the two groups (23.69 + 11.37 vs 21.28 + 10.82, p = 0.105).

The in-hospital bleeding rate in patients with a HAS-BLED
score > 3 was significantly higher than in patients with a
HAS-BLED score < 3 (49.2 vs 14.1%, p < 0.001). Similarly,
the rate of in-hospital bleeding in patients with a CRUSADE
score > 30 was significantly higher than in patients with a
CRUSADE score < 30 (36.9 vs 18%, p = 0.001). There was no
significant difference in haemorrhage rate between patients with
CRUSADE scores > 40 and < 40.

In the ROC curve analysis, the HAS-BLED score was
found to be superior to the CRUSADE score in predicting
in-hospital bleeding risk among the whole study population who
underwent elective coronary angiography (AUC =0.684 vs 0.569,
respectively, p = 0.002) (Fig. 1). According to the Youden index
J-statistics, the HAS-BLED score predicted in-hospital bleeding
in patients undergoing coronary angiography without ACS with
a sensitivity of 59.09% and a specificity of 89.81%. In this patient
group, the sensitivity of the CRUSADE score was 36.36% and
the specificity was 82.69%.

When patients who underwent PCI only were examined,
there was no significant difference between the groups in terms
of mean CRUSADE scores, although there was a significant
difference with regard to the mean HAS-BLED scores of the
groups (Table 2). In the ROC curve analysis of the patient
subgroup that underwent stent implantation, the HAS-BLED
score was superior in predicting in-hospital bleeding events
compared to the CRUSADE score (AUC = 0.722 vs 0.520,
respectively, p = 0.002) (Fig. 2). According to the Youden index,
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Table 1. Baseline characteristics and laboratory findings of the two groups Table 2. Bleeding scores

Bleeding No bleeding
Variables (n=65) (n=340) p-value
Baseline characteristics
Age (years), mean (SD) 6532+ 11.40  60.01+13.57 0.003*
Gender (female), n (%) 36 (55.4) 157 (46.2) 0.173
Current smoker, 7 (%) 13 (20) 104 (30.6) 0.084
Hypertension, 7 (%) 32(49.23) 149 (43.8) 0.421
Vascular disease, n (%) 8(12.3) 20(5.9) 0.061
Coronary artery disease, 7 (%) 22 (33.8) 123 (36.2) 0.720
Diabetes mellitus, n (%) 8(12.3) 115 (33.8) 0.001*
Congestive heart failure, n (%) 6(9.2) 18 (5.3) 0.218
Cerebrovascular disease, n (%) 5(7.6) 12 (3.5) 0.177
Body mass index (kg/m?) 28.51 +3.69 28.43+4.24 0.882
Systolic blood pressure (mmHg) 128.30+14.96 130.33+19.23  0.421
Diastolic blood pressure (mmHg) 76.24+12.28  77.39+13.19 0.517
Heart rate (beats/min) 78.26 £ 13.79 75.26 £10.55 0.101
Angiographic characteristics
Stenting 22 (33.8) 108 (31.7) 0.741
Opaque amount (cm’) 76.53£55.57  70.13+£53.62 0.382
Duration of angiography (min) 22.36+21.51 18.21+12.07 0.135
Femoral artery intervention, n (%) 44 (67.6) 233 (68.5) 0.894
Unfractionated heparin bolus, 7 (%) 24 (36.9) 110 (32.4) 0.473
Tirofiban bolus, n (%) 2(3.1%) 12(3.5) 0.855
Laboratory findings
Sodium (mmol/dl; SD) 139.20 +2.61 138.33 £8.63 0.424
Potassium (mmol/dl; SD) 4.28£0.36 447+045  <0.001*
Creatinine (mg/dl; SD) 0.75£0.24 0.82+0.23 0.059
(mmol/l) (66.3+21.22)  (72.49 +20.33)
Urea (mg/dl; SD) 37.05+10.05 34.73+14.76 0.226
WBC (X 10%/pl; SD) 7.36 £2.02 7.84+5.09 0.454
Haemoglobin (g/dl; SD) 14.27 £5.39 14.11 £ 1.76 0.816
Haematocrit, n (%; SD) 40.61 £4.58 4278 £4.46 <0.001*
Platelets (x10*/ul; SD) 258.85+65.24 263.16+78.07 0.686
TSH (uIU/ml) 2.48+4.43 1.96£3.19 0.318
International normalised ratio 1.05+£0.10 1.03+0.11 0.174
Drugs
Clopidogrel, n (%) 32(49.2) 133(39.1) 0.128
Oral anticoagulant n (%) 2(3.1) 4(1.2) 0.245
Acetylsalicylic acid, n (%) 40 (61.5) 215(63.2) 0.795
Beta-blocker, 1 (%) 26 (40) 141 (41.5) 0.825
RAAS blockers, n (%) 22(33.8) 106 (31.2) 0.671
Calcium channel blockers, 1 (%) 8(12.3) 37(10.9) 0.738
Diuretics, n (%) 10 (15.4) 27(7.9) 0.056
Nitrate 8(12.3) 29 (8.5) 0.333
*Independent samples z-test, chi-squared test, Fisher’s exact test; *p < 0.05 statisti-
cally significant. Continuous variables are reported as mean + SD. Categorical
variables are reported as 7 (%).
WBC, white blood cells; RAAS, renin—angiotensin—aldosterone system; NSAID,
non-steroidal anti-inflammatory drugs; TSH, thyroid-stimulating hormone.

Risk scores Bleeding No bleeding  p-value

Bleeding scores of all patients who (n=65) (n=340)

underwent coronary angiography
HAS-BLED 221£1.15 1.49+095 <0.001%*
CRUSADE 23.69+11.37 21.28+10.82  0.105
HAS-BLED > 3, 1 (%) 32(49.2) 48(14.1)  <0.001*
CRUSADE > 30, n (%) 24 (36.9) 60 (18) 0.001*
CRUSADE > 40, n (%) 2(3.1) 18 (5.4) 0.440

Bleeding scores of stented patients (n=22) (n=108)
HAS-BLED 2.50£1.10 1.62+0.81 0.001*
CRUSADE 2227+12.31 21.62+11.68  0.815
HAS-BLED = 3, 1 (%) 13 (59.1) 11(10.2)  <0.001*
CRUSADE > 30, n (%) 8(36.4) 22(21.2) 0.128
CRUSADE > 40, n (%) 1(4.5) 8(7.5) 0.616

*Independent samples z-test, chi-squared test;*p < 0.05 statistically significant.
Continues variables are reported as mean + SD. Categorical variables are
reported as n (%).
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Fig. 1. Comparison of ROC curves in all patients undergoing

coronary angiography.

sensitivity of the HAS-BLED score was 59.09% and specificity
was 89.81% in the subgroup with stenting.

According to the ROC curve analysis, the HAS-BLED score
was found to be statistically significantly predictive of in-hospital
bleeding in patients who underwent stenting due to stable coronary
artery disease (p = 0.0012). In the same patient group, the
sensitivity of the CRUSADE score was 36.36% and the specificity
was 82.69%, but it was not statistically significant (p = 0.789).

Discussion

The main finding of this study was that patients with
stable coronary artery disease undergoing elective coronary
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Fig. 2. Comparison of ROC curves in coronary stent implant-

ed patients.
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angiography with a CRUSADE score of > 30 were under a
significantly increased risk of in-hospital bleeding compared to
those with a CRUSADE score < 30; however the HAS-BLED
score was more valuable for predicting in-hospital bleeding in
these patients compared to the CRUSADE score. To the best of
our knowledge, this is the first study to compare bleeding risk
scores in this patient group.

One of the most important causes of co-morbidity in
patients with stable coronary artery disease undergoing elective
coronary angiography is haemorrhage. For this reason, avoiding
bleeding is as important as treating ischaemia in the patient.®
Since bleeding is a significant cause of morbidity and mortality
in these patients, a precision risk-analysis method is needed
to identify patients who are at high risk of bleeding after the
invasive coronary angiography procedure.’

Many risk models have been used to predict this important
co-morbid situation. Rao et a/. found that bleeding complications
in patients presenting with ACS increased long- and short-term
mortality rates, and suggested that the GUSTO bleeding risk
classification was successful in identifying short- and long-term
adverse cardiac event risk among this patient population. Hence,
they suggested that identifying patients with ACS with high
bleeding risk and using appropriate management techniques
could improve outcomes.! Although this study provides valuable
information, it provides information only on patients presenting
with ACS.

In another study, the SYNTAX score was shown to be
associated with major bleeding events in patients presenting
with NSTEMI who underwent PCL."™ It is also well known
that the CRUSADE score is valuable in predicting bleeding
risk in NSTEMI patients."! However, all of these studies were
performed on ACS patients. Bleeding complications are however
an important problem in patients with stable coronary artery
disease undergoing elective coronary angiography, as well as in
ACS patients.

In this regard, Ndrepepa et al. included only patients with
stable coronary artery disease who underwent elective PCI, and
they showed that bleeding within 30 days of the procedure was
associated with an increased risk of one-year mortality after PCI.
These findings suggest that prevention of procedural bleeding
may contribute to PCI outcomes in terms of reducing mortality
rate in patients with stable coronary artery disease.”? However, in
this study, a scoring system that could predict bleeding was not
used. Our study revealed the predictive value of the HAS-BLED
and CRUSADE scores on the risk of in-hospital bleeding in
patients with stable coronary artery disease.

Although HAS-BLED is mainly used to predict bleeding
risk in AF patients,* some previous studies have demonstrated
that it may also predict bleeding risk in patients with coronary
artery disease. In a study conducted on NSTEMI patients,
the HAS-BLED bleeding score was shown to be as effective
as GRACE and CRUSADE, and even better than the TIMI
scoring system with regard to future bleeding risk prediction.’
In another study, the HAS-BLED score was also found to
be useful in predicting in-hospital major bleeding risk in
NSTEMI patients, together with the CRUSADE and ACUITY-
HORIZONS scores.® All these studies have emphasised that the
HAS-BLED score, which is as useful as other scoring systems,
is more practical and easy to apply. The ease of calculating the
HAS-BLED score and its ease of implementation in clinical

practice further increases the importance of this bleeding risk
scoring system.

The CRUSADE score has been studied several times to
predict bleeding risk in patients with coronary artery disease,
especially in NSTEMI patients. In other studies, the CRUSADE
score has been shown to be effective in predicting major bleeding
in patients undergoing PCI,"*" and was shown to be even more
valuable than the platelet reactivity test in PCI patients." It can
be used to predict mortality risk, similar to the GRACE risk
score in ACS patients,'* and to predict bleeding risk in STEMI
patients.'” The prognostic accuracy of the CRUSADE score can
be used to predict major or moderate bleeding events even in
non-invasively treated ACS patients.” It is interesting that such
an impressive scoring system did not give as good predictive
results as the HAS-BLED scoring system in our patient group.

Costa et al. showed that the CRUSADE risk score predicted
major bleeding events better than the HAS-BLED score in their
study.” However their study differed from ours in that it involved
only patients receiving dual antiplatelet therapy after stenting
and included only major bleeding events. Similar negative
results for the CRUSADE risk score have also been found in
some previous studies. In a study conducted in octogenarians,
it was reported that the CRUSADE score was insufficient to
predict the risk of bleeding in NSTEMI patients and that new
scoring systems were needed.” In a study by Correia et al., it was
reported that the ACUITY scoring system was a better predictor
of major bleeding in patients admitted to hospital with ACS
compared to the CRUSADE score.”

These conflicting results suggest that we do not have an ideal
scoring system to use on all patients and that new developments
are needed in this regard. For this reason, in our study we
examined patients with stable coronary artery disease who
underwent elective coronary angiography, since there is little data
on them and they were often overlooked in previous studies. We
included all patients with stable coronary artery disease with or
without stent implantation, and examined the HAS-BLED and
CRUSADE scores, which were not previously studied in this
group.

We have shown that the HAS-BLED score was more
predictive in these patients, even though the results of the
CRUSADE score were reasonable, and that HAS-BLED may
help us to predict bleeding events and reduce co-morbidity in
these patients. The ease of calculating the HAS-BLED score and
its ease of implementation in clinical practice further increases
the importance of this bleeding risk-scoring system. The present
study provides valuable data because this group of patients is
frequently encountered in the angiography laboratory in daily
cardiology practice and there is no scoring system as yet to
predict bleeding risk among these patients.

This study has some limitations, such as it was a single-
centre study with a small sample size and did not include long-
term results. Another limitation is that the femoral artery was
preferred to the radial artery for coronary angiography.

Conclusion

Various scoring systems are used in the prediction of bleeding
risk in patients undergoing angiography due to ACS. However,
in stable angina patients without ACS, there is not enough data
on this subject. This study showed that the HAS-BLED and
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CRUDASE scores were useful in stable coronary artery disease
patients who underwent elective coronary angiography. However,
in these patients without ACS, we found that it would be more
appropriate to use the HAS-BLED scoring, which is more
practical, easy to calculate, easy to implement in clinical practice
and more predictive for in-hospital bleeding. Although this study
introduces a new approach, there is a need for larger studies to
make a definite decision in this regard.
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Atherosclerotic plaque in HIV-positive patients
presenting with acute coronary syndromes

Ahmed Vachiat, Keir McCutcheon, Ngoba Tsabedze, Don Zachariah, Pravin Manga

Abstract

Aim: This study aimed to characterise the atherosclerotic
plaque and plaque burden in HIV-positive patients presenting
with acute coronary syndromes (ACS), using intravascular
ultrasound (IVUS) and virtual histology (VH).

Methods: This was a prospective study of 20 HIV-positive
patients who presented with ACS. IVUS and VH were used to
assess plaque burden and plaque characteristics in the culprit
and non-culprit coronary arteries.

Results: HIV-positive patients with ACS had a mean age
of 51.1 £ 8.1 years. There were 13 (65%) male patients.
ST-segment elevation myocardial infarction was the most
common presentation of ACS (75%) with the left ante-
rior descending artery being the most common culprit artery
(60%). In 60% of patients, the total plaque burden was of
moderate degree (40-70% stenosis) while it was of mild
degree (< 40% stenosis) in 35%, and in 5% of patients it
was severe (> 70% stenosis). A severe degree of total plaque
burden was more commonly found in the culprit vessel
(30%) than in the non-culprit vessels (5%). Furthermore, the
plaque burden was found to be located predominantly in the
proximal portion of the coronary arteries. The predominant
plaque morphology consisted of fibrous plaque (55.4%) and
fibro-fatty plaque (26.6%), while necrotic core was present in
13.3%. Dense calcium was present in only 4.7% of the cohort.
Conclusions: IVUS and VH demonstrated a high burden of
atherosclerosis in the left anterior descending artery and prox-
imal vasculature of HIV-positive patients. The atherosclerotic
plaque predominantly comprised non-calcified fibrous and
fibro-fatty plaque.

Keywords: atherosclerosis, HIV, acute coronary syndromes, intra-
vascular ultrasound, virtual histology
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There are approximately 37 million people living with human
immunodeficiency virus (HIV) infection worldwide, 70% of
whom live in sub-Saharan Africa.'? Studies suggest that HIV
infection confers an overall 1.5- to 2.0-fold increased risk
of developing ischaemic heart disease (IHD).** Combination
antiretroviral therapies (cART), particularly protease inhibitors
and high levels of traditional cardiovascular disease risk factors
have increased the prevalence of IHD in this population.”

Based upon spectral analysis of ultrasound backscatter,
intravascular ultrasound (IVUS) facilitates the characterisation of
coronary plaque morphology by transforming the coronary vascular
ultrasound images into a colour-coded representation, thereby
creating a virtual histological (VH) assessment of the plaque.
Virtual histological intravascular ultrasound (VH-IVUS) imaging
uses four colour-coded spectral parameters (dark green, yellow-
green, red and white) representing fibrous and fibro-fatty lesions,
necrotic core and calcium, respectively.” This spectral analysis of
coronary plaque has been well correlated with histopathology, with
a predicative accuracy of 87.1, 87.1, 88.3 and 96.5% for fibrous,
fibro-fatty, necrotic core and dense calcium, respectively.”

The characteristics of the atherosclerotic plaque in
HIV-negative patients with IHD are well defined. In a study of
HIV-negative patients with stable angina or troponin-positive
acute coronary syndrome (ACS), VH-IVUS of non-culprit
lesions has shown that fibrous and fibro-fatty plaque was present
in 43.7% of patients, and calcific plaque was present in the
remaining 56.3% of patients."

On the other hand, coronary plaque characteristics in
HIV-positive patients have not been well studied and are
poorly elucidated. Autopsy studies in HIV-positive patients
have described coronary lesions as eccentric atherosclerotic
plaques with 80 to 90% reduction of the vascular lumen, and
histopathological findings as hyperplastic endothelial cells lining
a thickened intima, characterised by the proliferation of smooth
muscle cells and monocyte macrophages.>* Using coronary
computed tomography, asymptomatic HIV-positive patients
have been found to have a higher prevalence of coronary
atherosclerosis, a greater degree of coronary plaque volume and
a greater number of coronary segments with plaque compared
to HIV-negative patients with a similar Framingham 10-year risk
for myocardial infarction."

To date there are no published data describing plaque
characteristics and plaque burden by direct visualisation using
IVUS in HIV-positive patients with ACS. The primary objective
of this study was to characterise the atherosclerotic plaque and
plaque burden in HIV-positive patients presenting with ACS
using IVUS and VH.

Methods

The study was a cross-sectional, prospective study of HIV-positive
patients with ACS conducted at a large urban public hospital
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in Johannesburg, South Africa, over three years (July 2012 to
July 2015). All HIV-positive patients with ACS at the time of
admission were included in the study. Exclusion criteria included
patients less than 18 years and those with previous ACS or
known atherosclerotic vascular disease. Approval for conducting
of the study was obtained from the local institutional review
board (ethics clearance number M111143).

All patients underwent coronary angiography performed via
the femoral route. Following left ventriculography, a 7F guiding
catheter was engaged in the culprit vessel. A coronary (balanced
middle-weight) guide-wire was introduced through the guiding
catheter and tracked into the distal portion of the coronary
vessel. IVUS imaging was initially performed in the culprit vessel
prior to coronary intervention. Culprit lesions were defined by
electrocardiographic criteria such as ST-segment shift or T-wave
inversion and angiographic appearances such as filling defects
consistent with thrombus, plaque irregularity suggestive of
ulceration or point of maximal stenosis.

In patients who had complete vessel occlusion, flow was first
restored and then IVUS imaging was performed. The non-culprit
vessels were then assessed using IVUS. Fractional flow reserve
(Volcano Corporation, Rancho, California) assessment was used
for intermediate lesions.

A 20-Mhz Eagle Eye (Volcano Corporation, Rancho,
California) IVUS catheter with a motorised pull-back device at
0.5 mm/s from the distal safe position to the guide catheter was
used to acquire IVUS images. Data were captured and analysed
offline using the image analysis software version 3.1 (Volcano
Corporation). This was done independently by an experienced
reader (JD), blinded to the clinical data.

Each artery was divided into proximal, mid and distal
segments. The plaque burden was classified into mild disease
(< 40% plaque), moderate (40-70% plaque) and severe disease
(> 70% plaque). Atherosclerotic plaque characteristics as well
as the total plaque burden in both the culprit and non-culprit
arteries were measured. The plaque burden in each of the three
coronary arteries was measured using the difference between the
vessel area and the minimum lumen area. The software of the
IVUS system automatically analysed the coronary vessel area
and narrowest lumen area. Plaque characterisation in our patient
cohort was performed using VH assessment of the IVUS images
in all three major coronary arteries.

Statistical analysis

Results are presented, using descriptive statistics, as mean *
standard deviation, median * interquartile range (IQR) or
percentages, as appropriate. Mean total plaque burden at
different locations was compared using the paired ¢-test. Data
analysis was carried out using SAS version 9.4 for Windows. A
5% significance level was used.

Results

The mean age of the study population was 51.1 + 8.1 years.
Thirteen (65%) patients were male and 17 (85%) were black.
None of the patients had known prior cardiac history. The
median CD4 count of our study group was 301 cells/mm? (IQR
205-417). At the time of admission half of the patient cohort
was on cART. The average use of cART in these patients was

24 months (IQR 5-51 months). None of the patients was on
protease inhibitors. Seven (35%) patients in this group were
newly diagnosed with HIV at the time of presentation with ACS.

Fifteen (75%) patients presented with STEMI (eight anterior
and seven inferior MlIs), three (15%) with non-STEMI and two
(10%) patients presented with unstable angina. Only three (21%)
of the 15 STEMI patients received thrombolysis within six hours
of presentation. No patient had a known prior ACS event.

Risk factors for THD included smoking in 11 (55%),
hypertension in six (30%), diabetes in two (10%), dyslipidaemia
in two (10%), and one (5%) patient had a family history of early
IHD. The average body mass index was 24.4 = 5.5 kg/m* with a
mean waist circumference of 83.0 £ 9.6 cm (Table 1).

A typical presentation in our cohort was of a young patient
with STEMI involving the left anterior descending artery, which
was the most common artery involved (60%), followed by
the right coronary artery (35%) and the left circumflex artery
(20%). Fractional flow reserve assessment was used in only
three patients to assess significance of the proximal left anterior
descending coronary artery lesions and these were all found to be
non-significant. Six second-generation drug-eluting stents were
implanted, with an average length of 22 mm (18-26 mm).

A high thrombus burden, visualised angiographically, was
present in eight patients (40%) and one patient was given
an intracoronary thrombolytic, which resulted in improved
perfusion. Four patients had complete occlusion of the infarct-
related artery.

There were no peri-procedural complications following
percutaneous coronary intervention. No patients required
coronary artery bypass grafting. At six months’ follow up, one
patient had in-stent restenosis and another died due to sudden
cardiac death at home, two weeks after intervention.

In 60% of our patients, the total plaque burden in the

Table 1. Baseline characteristics of the HIV-positive patients

presenting with acute coronary syndrome

HIV-positive patients with ACS
Variables (n=20)
Age 51.1+£8.1
Race (black), n (%) 17 (75)
Male, n (%) 13 (65)
Risk factors, n (%)
Smoking 11 (55)
Hypertension 6 (30)
Diabetes 2 (10)
Dyslipidaemia 2 (10)
Family history 1(5)
Laboratory analysis
Haemoglobin (g/dl) 12.9
Creatinine (mg/dl) 0.84
(mmol/l) (74.26)
Total cholesterol (mg/dl) 158.3
(mmol/l) (4.10)
Triglycerides (mg/dl) 46.3
(mmol/l) (0.52)
HDL-C (mg/dl) 38.6
(mmol/l) (1.00)
LDL-C (mg/dl) 92.7
(mmol/l) (2.40)
CD#4 (cells/mm?) 313
HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density lipoprotein
cholesterol.




)

CARDIOVASCULAR JOURNAL OF AFRICA ¢ Volume 30, No 4, July/August 2019

205

100 -
90
80 1 34
70

60
60 -

50 -
a7

40 -

Percentage plaque

30 A

20 A

10 A

Culprit Non-culprit Total

Severe H Moderate M Mild

Plaque burden in HIV-positive patients with acute

coronary syndrome.

coronary vasculature was of moderate degree, while in 35% the
total plaque burden was mild, and in a minority (5%) it was
severe (Fig. 1). The atherosclerotic disease was significantly
higher in the proximal coronary vasculature compared to the
mid and distal segments of the coronary arteries (p = 0.010).
Furthermore, it was significantly higher in the mid segments
than in the distal segments of the coronary arteries (p = 0.0006).
There was more severe plaque burden (30%) in the culprit vessel
compared to non-culprit vessels (5%).

Assessment of the entire coronary vasculature by VH in these
patients demonstrated that the predominant plaque morphology
consisted of fibrous plaque (55.4%). Fibro-fatty plaque was
found in 26.6% of patients, necrotic core was present in 13.3%,
and dense calcium was present in only 4.7% of patients (Fig. 2).
There were significant differences between the mean volumes
of fibrous plaque, fibro-fatty plaque, necrotic core and dense
calcium (all p < 0.05).
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Virtual histology in HIV-positive patients with acute
coronary syndrome. The mean fibrous plaque volume
was significantly greater than the mean fibro-fatty

plaque volume, which was significantly greater than
the mean necrotic core volume. This in turn was
significantly greater than the mean dense calcium
volume (all p < 0.05).

On assessing plaque morphology in the culprit coronary
arteries, the major plaque morphology remained fibrous plaque
(56.5%), while fibro-fatty tissue (21.2%), necrotic core (14.4%)
and dense calcium (3.6%) plaque constituted the remainder (Fig.
2). In non-culprit arteries, the lesion morphology was similar,
with fibrous plaque found in 55.1% of patients, fibro-fatty
plaque in 29.5%, necrotic core in 8.2% and dense calcium in 4.8%
of patients.

Discussion

This was a prospective study using VH-IVUS to characterise
the coronary plaque morphology in HIV-positive patients
presenting with ACS. First, we demonstrated that some form of
atherosclerosis was present in all HIV-positive patients presenting
with ACS without any prior cardiac history. Even normal vessels
on angiography were found to have atherosclerosis, and in 5%
of these vessels, the plaque burden was surprisingly severe.
Our findings help explain the discrepancy of lower plaque
volumes that have been reported in HIV-positive patients studied
angiographically, as coronary angiograms are not accurate in
defining minor plaque volumes."

Second, our study has shown that the predominant plaque
morphology in the coronary arteries of HIV-positive patients
presenting with ACS consisted of fibrous tissue in just over
half of all patients and fibro-fatty tissue in a further quarter
of patients. Necrotic core lesions were uncommon and dense
calcified lesions were rare. Hence the plaque morphology
in HIV-positive patients can be described as predominantly
non-calcified fibrous and fibro-fatty disease (Fig. 3).

Our findings are supported by non-invasive imaging such as
coronary computer tomography angiography (CCTA), which
has shown an increased prevalence of subclinical atherosclerosis
in HIV-positive compared with HIV-negative patients.'*"7 A
recent meta-analysis of 1 229 asymptomatic HIV-positive
patients on cART demonstrated a three-fold higher prevalence

Fig. 3. Virtual histology intravascular ultrasound of non-calci-
fied fibrous and fibro-fatty plaque from HIV-positive
patients with acute coronary syndrome.
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of non-calcific coronary artery plaques on CCTA, compared
with HIV-negative controls.'® HI V-infected women also showed a
significantly higher percentage of non-calcified plaque on CCTA
compared to HIV-negative women.'

Using dual-source CCTA, features of non-calcified plaque have
also been found in early atherosclerosis of healthy HIV-negative
populations with a family history of early onset of coronary artery
disease."” Therefore, the plaque morphology of atherosclerosis in
HIV-positive populations, as found in our study, was very similar
to that found in early atherosclerosis in HI'V-negative populations.
Our findings suggest that the difference in atherosclerotic plaque
characteristics of HIV-positive compared to HIV-negative
populations is that the atherosclerosis was more extensive in
HIV-positive patients and with less calcification. The reasons
for these differences are unclear but are probably related to the
link between HIV infection and atherosclerosis, independent of
traditional cardiovascular risk factors.

Data from the Strategies for Management of Antiretroviral
Therapy (SMART) study suggest that immune, inflammatory
and viral factors contribute to higher prevalence of coronary
artery disease in HIV-positive patients.® Undetectable viral
loads do not equate to amelioration of ongoing inflammation
and while inflammation and immune activation are diminished
with cART, they are not abolished. HIV infection, even in the
presence of cART, not only initiates endothelial dysfunction
and immune cell activation but activates a number of cellular
pathways.”!

As HIV predominantly infects T cells and macrophages,
there is induction of oxidative and endoplasmic reticulum stress,
dysregulation of autophagy and inflammasome formation, all
of which may contribute to HIV-associated atherosclerosis.”
In addition, HIV-positive patients presenting with ACS have
been found to have a ‘thrombo-inflammatory’ state caused
by heightened platelet function, hypercoagulability and
inflammation.? Mechanisms that promote thrombosis such as
increased levels of soluble p-selectin, CD-40L and microparticles
have been demonstrated in HIV-positive patients with ACS.>
This inflammatory and thrombotic milieu may well be involved
in the pathogenesis of the ‘athero-thrombotic plaque’, as was
found in 40% of our patients.

Disease severity may also contribute to atherosclerosis. An
association between reduced CD4 cell count and non-calcified
coronary artery plaque as well as the presence of coronary
stenosis greater than 50% in HIV-positive compared to
HIV-negative patients have been reported.'®* The average CD4
count in our cohort was low (301 cells/mm?), despite 50% being
on cART at the time of presentation with ACS.

Higher rates of ACS in the general population have been
reported in a number of studies to be associated with fibrous and
fibro-fatty plaque, compared to mixed or calcified plaques.'!**
Non-calcified plaques, as found in our cohort, represent an
earlier stage of atherosclerosis and are more prone to rupture,
leading to ACS.* Furthermore, HIV-positive patients have
a larger burden of coronary atherosclerosis, particularly
non-calcified plaque, compared to HIV-negative patients with
similar cardiovascular risk factors." Therefore the presence of
more extensive non-calcific fibrous and fibro-fatty plaque and
its vulnerability to rupture could explain the higher prevalence
and earlier onset of ACS in HIV-positive compared with
HIV-negative patients.

IHD in HIV-positive patients most commonly manifests
with an acute episode of ACS. Studies to date suggest distinct
demographic characteristics of ACS presentation in HIV-positive
patients.”*” The mean age at presentation of ACS in HIV-positive
patients is a decade younger (mean age 50 years) than the general
population, with patients more likely to be male, current smokers
and to have lower high-density lipoprotein cholesterol levels.
This is similar to our cohort where the mean age was 51.1 £ 8.1
years, the majority being male (65%) and more than half (55%)
current smokers.

It is also recognised that ACS in HIV-positive patients
presents with different risk-factor profiles in developing
compared to developed regions.” Traditional risk factors such as
hypertension, diabetes and dyslipidaemia are more common in
developed regions, whereas in the developing regions, smoking
is the predominant risk factor.*” Similarly, in our study few
patients had hypertension, diabetes, dyslipidaemia or a family
history of IHD but there was a high prevalence of smoking
(55%).

The most common modes of presentation of ACS in our
cohort were STEMI, a low TIMI score (TIMI 2) and single-
vessel disease angiographically. These findings are consistent
with other studies in HIV-positive patients.** In some regions,
HIV-positive patients with ACS may present without classic
atheromatous plaques but with a large burden of thrombus in
the infarct-related artery® In our cohort, a high thrombotic
burden was present in 40% of ACS patients. Of interest is that
the profile of ACS in developed countries is changing. In a
recent study from six United States centres, half (50.4%) of all
HIV-positive patients presenting with an ACS had type 2 MI,
which occurs in the setting of supply-and-demand mismatch.*

In many studies, including the current study, only half of
HIV-positive patients presenting with ACS were on cART.
However, the expectation is that in future, many more patients
will be on cART based on the findings of the SMART study,
which found that patients who deferred or interrupted cART
had a 70% increased hazard of cardiovascular disease events.”
The widespread adoption of cART will hopefully translate not
only to better long-term outcomes but also lead to substantially
fewer cardiac events.

Limitations

This was a single-centre study with a small sample size. There
was no case—control group of HIV-negative patients who had
IVUS and VH imaging. There were clinical limitations, for
example, repeat coronary angiography was not performed on all
patients to determine in-stent restenosis. However, the focus of
this study was not on long-term outcomes but coronary artery
plaque characteristics at ACS presentation.

Conclusion

HIV-positive patients presented at a young age, with STEMI
being the most common mode of presentation. In these patients,
atherosclerosis, as determined by VH-IVUS, was extensive.
The left anterior coronary artery had the largest burden of
disease and this disease burden was predominantly located
in the proximal coronary arteries. Imaging using VH-IVUS
demonstrated that atherosclerosis in young HIV-positive patients
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comprised predominantly non-calcified fibrous and fibro-fatty
plaque.
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Natural cocoa inhibits maternal hypercholesterolaemia-
induced atherogenesis in rabbit pups

Richard Michael Blay, Saviour Kweku Adjenti, Kevin Kofi Adutwum-Ofosu, Bismarck Afedo Hottor,
John Ahenkorah, Benjamin Arko-Boham, Frederick Kwaku Addai

Abstract

Atherosclerosis begins during foetal development and is
enhanced by maternal hypercholesterolaemia during preg-
nancy. This study assessed the effect of natural cocoa on
atherosclerosis in offspring conceived in maternal hypercho-
lesterolaemia. Female rabbits were fed a cholesterol-enriched
diet for two weeks and hypercholesterolaemia was confirmed,
after which they were crossed with normocholesterolaemic
males. One group of hypercholesterolaemic mothers (HCC)
received natural cocoa powder (NCP) in their drinking
water, whereas the other group (HC) received only water.
Histological analysis of three segments of the aorta (arch,
thoracic and abdominal) from offspring of both groups was
compared with a control group (NC). Intima-media thick-
ness of the aortic arch in offspring born to hypercholester-
olaemic rabbits (HC: 146 pm) was higher compared to HCC
(99 um) and control rabbits (58.5 pm). All the sections from
the aortic arch of the HC group had atherosclerotic lesions
while none of the sections of the aortic arch from the NC
and HCC groups had lesions present. Inferentially, regular
and voluntary consumption of NCP during pregnancy may
inhibit aortic atherogenesis in offspring of hypercholesterol-
aemic mothers.

Keywords: atherosclerosis, maternal hypercholesterolaecmia,
intima-media thickness, cocoa, antioxidants, foetal

Submitted 22/9/18, accepted 16/4/19
Published online 24/5/19
Cardiovasc J Afir 2019; 30: 208-215 WWW.cvja.co.za

DOI: 10.5830/CVJA-2019-019

Atherosclerosis is a progressive disease that is initiated by
turbulent blood flow and the accumulation of lipids in the walls
of large arteries, leading to dysfunction of the endothelium, and
subsequently, the formation of lesions.'? The disease leads to
complications such as myocardial infarction and stroke, which
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are known to cause the death of about 17 million people globally
each year.>*

In humans, the process of atherogenesis begins during
foetal development, and early lesions known as fatty streaks,
containing cholesterol-rich macrophages or foam cells, occur in
the first decade of life. There is therefore a long time lag between
the onset of atherogenesis and clinical manifestation,” and fatty
streaks become precursors to advanced lesions later on in life.'

The relationship between serum cholesterol levels and
atherosclerosis has long been established, and cholesterol-
lowering therapy is known to reduce atherosclerosis.® The specific
process that initiates atherosclerosis, however, needs to be further
understood in order to develop effective therapeutic measures.

Three hypotheses have been proposed concerning the initiation
of atherosclerosis, namely, the response-to-injury, the response-to-
retention and the oxidative-modification hypotheses.” According
to the response-to-injury theory, atherosclerosis is initiated
when endothelial cells are denuded due to damage to the cells.”
It is now known that endothelial injury alone does not initiate
atherosclerosis, but injury results in the initiation of oxidation of
low-density lipoprotein (LDL) and the activation of monocytes,
which differentiate into macrophages and foam cells.!""

In the response-to-retention hypothesis, sub-endothelial
retention of apolipoprotein B-containing lipoproteins in the walls
of arteries is the key pathological event during atherosclerosis.”"
The oxidative-modification hypothesis suggests that native LDL
is oxidised in the vessel wall and the uptake of modified or
oxidised LDL by macrophages leads to the formation of foam
cells," which become the pivot for the development of advanced
atherosclerotic lesions.

Putting together the evidence supporting the various
hypotheses, accumulation of cholesterol and its oxidation are
key in the initiation of atherosclerosis. Hypercholesterolaemia,
a condition characterised by elevated cholesterol levels in blood,
is therefore the principal risk factor for cardiovascular diseases,'
and understanding the role it plays during atherosclerosis is
therefore likely to provide several novel treatment solutions.

Maternal hypercholesterolaemia during pregnancy results
in the formation of significantly larger atherosclerotic lesions
in foetuses,” and the formation of advanced lesions in adult life
progresses faster in offspring of hypercholesterolaemic mothers.'
Maternal hypercholesterolaemia may enhance atherosclerosis
by differentially dysregulating the expression of aortic genes in
the offspring,”” resulting in a cascade of processes later in life
that will increase lipid deposition and inflammation. Moreover,
hypercholesterolaemia in pregnancy enhances endothelial
dysfunction in foetal arteries and placental vasculature,' thereby
decreasing nitric oxide-dependent vasodilation while increasing
oxidative stress.” On the other hand, dietary intervention in
humans using antioxidant-rich foods has an inverse relationship
with the risk of cardiovascular diseases.”!
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Cocoa powder is rich in antioxidants and several studies
have shown that treating animals with cocoa powder inhibits
the oxidation of LDL,? and reduces oxidative stress,”
inflammation* and insulin resistance.” Moreover, consumption
of natural cocoa powder reduced hypercholesterolaemia and
atherosclerosis in apolipoprotein E knock-out mice by reducing
the expression of genes related to metabolism, apoptosis and
inflammation.” Our study therefore investigated the effect of
maternal hypercholesterolaemia on the vascular morphology
and atherosclerosis in the offspring of hypercholesterolaemic
rabbits. It also sought to validate potential beneficial effects of
consumption of natural cocoa powder (NCP) in the prevention
of foetal onset of atherosclerosis.

Methods

This study was approved by the Ethical and Protocol Review
Committee of the College of Health Sciences, University of
Ghana. It was carried out in accordance with appropriate
institutional regulations on the care and use of laboratory
animals.

Ten New Zealand white female rabbits (age: 6 months,
body weight: 1.5-2.8 kg) were obtained from the Animal
Experimentation Unit of the Noguchi Memorial Institute for
Medical Research (NMIMR), University of Ghana, Accra. The
rabbits were transported to the animal house of the University
of Ghana Medical School, Korle-Bu and kept for two weeks to
acclimatise. The animals were housed under standard conditions
of local temperature (30°C) and relative humidity (80%) and
exposed to a 12-hour light/dark cycle.

Rabbits were then randomly assigned by lottery to three
groups and housed individually in cages. The rabbits were
arbitrarily numbered from one to 10 and the numbers were
written on pieces of paper. After mixing up the pieces of paper,
rabbits were placed in groups when the numbers were drawn.

The first two groups of four rabbits each were fed cholesterol-
enriched feed (CEF). The CEF was prepared (adopted from Sun
et al.”’) by mixing standard feed (Kosher Feedmill Ltd, Accra)
with 0.5% (w/w) cholesterol (Hopkin and William Ltd, London)
and 10% (v/w) coconut oil (open market, Accra). The rabbits
were fed CEF for two weeks, and when a routine lipid profile
test confirmed hypercholesterolaemia, they were crossed with
normocholesterolaemic males.

The normal cholesterol range for rabbits is 0.14-1.86 mmol/l
(Olfert et al.®). Hypercholestrolaemia was defined as a total
plasma cholesterol level higher than twice the upper level of the
normal range.

One group of rabbits on CEF was given 2% (w/v) of NCP
(GoodFood brand, Kakawa Enterprise Ltd, Accra) as an
aqueous suspension instead of drinking water. This group
(HCC) had 24-hour access to the NCP suspension, which they
drank voluntarily, after being mated until they littered (28-30
days). The second group of rabbits on CEF (HC) were given
24-hour access to filtered tap water.

The third group of rabbits (n = 2), designated as normal
control (NC), were given standard chow without cholesterol
enrichment and filtered tap water throughout the duration of the
experiment. Animals that were fed CEF were fed with standard
chow after delivery and the cocoa drink was replaced with
drinking water. Twelve pups were delivered by the HCC rabbits,

six by the HC rabbits, and the NC rabbits delivered 12 pups.

Total levels of cholesterol were determined after an overnight
fast by an enzymatic colorimetric test in a laboratory at
the Medical Biochemistry Department (University of Ghana
Medical School), using a semi-automated clinical analyser,
Microlab 300 (Vital Scientific, the Netherlands).

Blood samples were obtained by the bleeding of the marginal
ear vein. The skin over the ear of the rabbits was anaesthetised
using a local anaesthetic cream containing lidocain (Lignocaine
2% Jelly, Purna Pharmaceuticals, Belgium) after the fur over
the ear was shaved and the skin sanitised with alcohol. Blood
samples were then drawn from the marginal ear vein and stored
in sterilised test tubes containing heparin.

Maternal blood samples were collected before treatment with
the cholesterol-enriched diet and after two weeks of feeding with
the cholesterol-enriched diet. Blood samples from the offspring
at the end of the experiment were obtained by cardiac puncture
after chloroform inhalation had anaesthetised them.

The rabbit pups were euthanised by chloroform inhalation
one week after birth and perfusion-fixed using 10% normal
saline, followed by 10% phosphate-buffered formalin at pH
7.3. The aorta was dissected to remove the arch, thoracic and
abdominal segments, which were post-fixed in 10% phosphate-
buffered formalin for two to seven days. The aortae were taken
through a routine histological processing.

Every 10th section of the arch, thoracic and abdominal
segments of the aorta with a thickness of 10 pm was stained
and analysed. Sections were stained with haematoxylin and
eosin (H & E) for assessing intima-media thickness. In order
to assess collagen and elastic fibre deposition in the vascular
walls, Verhoeff—Van Gieson (VVG) staining of the sections was
performed.

To determine the presence or absence of atherosclerotic
lesions, frozen sections of the aortic segments were stained with
Oil red O. Sections were counter-stained in alum haematoxylin.
Five sections each of the aortic arch, thoracic and abdominal
aorta were selected 100 pm apart and examined qualitatively for
the presence or absence of atherosclerotic lesions.

Micrographs of stained sections were obtained using a
digital microscope eyepiece (Premiere MA 88) fitted to a Leica
Galen III light microscope. The digital eyepiece was connected
to a computer and images from the microscope were captured
using Microsoft Publisher software 2003 version. Images were
analysed with Photoshop CS 4 (Adobe Systems, San Jose, CA,
2008).

A stage graticule (Nikon, Japan) was used to calibrate the
ruler tool in Photoshop by mounting it onto the stage of a
microscope and a micrograph, taken using the digital eyepiece,
was connected to the X10 objective lens. Intima—media thickness
was measured using the ruler tool in Photoshop. Two lines
(DD and EE) perpendicular to each other were drawn across
the image of the artery through the centre, as shown in Fig. 1.
Intima-media thickness readings were taken between points 1/2
and 3/4 on line EE and the average was calculated and recorded.

Statistical analysis

The results of the study were analysed using Graphpad Prism
software (3.0). The -test was used to compare the means of
two groups, while one-way ANOVA was used to compare the
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Fig. 1. Micrograph of H & E-stained section of the aorta illus-
trating intima—media thickness measurements. Two
perpendicular lines (EE and DD) were drawn across
the micrograph in Photoshop. Two measurements
for intima—media thickness (IMT) were measured
between points 1/2 and 3/4. The average IMT for each
section was then computed.

means of three groups. Inherent in the Graphpad Prism is the
F-test for variances to justify the z-test and the Bartlett’s test to
justify ANOVA. A p-value less than 0.05 was considered to be
statistically significant. Bonferroni’s multiple comparison test
was done to show actual differences between the three groups.

Results

After feeding the female rabbits with a 0.5% cholesterol diet, the
mean total plasma cholesterol of the HC and HCC groups were
significantly higher than baseline concentrations. Cholesterol
levels increased three-fold from the initial concentration for both
groups after two weeks of treatment, as shown in Fig. 2A. In the

HC group, total cholesterol levels increased from 2.38 (SD 0.81)
to 7.33 (SD 1.93) mmol/l and that of the HCC group increased
from 2.35 (SD 0.68) to 7.40 (SD 2.05) mmol/l. Cholesterol level
of the control rabbits was unchanged at 1.8 (SD 0.28) before and
after the same two-week period.

The mean total cholesterol levels of the offspring of the NC,
HC and HCC rabbits were 9.47 (SD 1.56), 6.73 (SD 0.87) and
3.60 (SD 0.66) mmol/l, respectively (Fig. 2B). Statistical analysis
showed significant differences between the total cholesterol levels
of offspring of the different treatment groups (p = 0.0002, F =
23.1 and df = 2). Bonferroni’s multiple comparison test indicated
significant differences between the NC and HC groups (p < 0.05),
the NC and HCC groups (p < 0.0001), and the HC and HCC
groups (p < 0.05).

Histological sections of the aortic arch of the rabbit offspring
showed intima-media thicknesses of 58.5 (SD 6.02) um for
the NC, 146 (SD 18.24) um for the HC and 99 (SD 4.87) um
for the HCC groups. ANOVA showed significant differences
(p < 0.0001, F = 149.2 and df = 2) between the intima-media
thickness of the aortic arch between the three groups, as
shown in Fig. 3. Bonferroni’s multiple comparison test showed
significant differences between the NC and HC groups (p <
0.001), the NC and HCC groups (p < 0.001), and the HC and
HCC groups (p < 0.001).

Histological sections of the aortic arch revealed intimal lipid
accumulations or lesions on all five sections per pup in the HC
group (100%), whereas no lesions were observed on any of the
five sections per pup from the NC and HCC groups (Fig. 4). In
the descending thoracic segment of the aorta, again no lesions
were found on sections from the NC group, as shown in Fig. 5.
Lesions were present on 40% of the sections from the HC group
and 20% of the sections from the HCC group. In the abdominal
aorta, no lesions were present in any section of the three groups
of rabbit pups.

Increased deposition of collagen and smooth muscle in
vascular walls is associated with advanced atherosclerosis,” and
so collagen and elastic fibre deposition were assessed by staining
with VVG. Collagen and elastic fibres within the intima of the
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Bar charts showing total plasma cholesterol concentrations. (A) shows total plasma cholesterol concentration of the moth-
ers in all three groups before and after consuming a cholesterol-enriched diet for two weeks. (B) shows the mean plasma

cholesterol level of the offspring. *p < 0.05 compared to control or baseline,
group. Error bars indicate standard deviation.

**p < 0.001 and “p < 0.05 compared to the HC
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Fig. 3. (A) shows micrographs of H & E-stained sections of the aortic arch of rabbit pups born to the control rabbits (NC), hyper-
cholesterolaemic rabbits without cocoa (HC) and hypercholesterolaemic rabbits given cocoa (HCC). The value of the scale
bar is 140 pm. (B) shows a bar chart of the intima—media thickness of the aortic arch of offspring from the three groups. *p
< 0.001 and #p < 0.001 compared to the HC group. Error bars indicate standard deviation.

blood vessels stain blue-black and red/pink, respectively. Sections Sections from the arch and abdominal aorta showed more
with more pink and black stain represent increased collagen and  deposition of collagen and elastic fibres in the intima of pups
elastic fibres, as shown in Fig. 6. born to hypercholesterolaemic mothers in the HC group, but

Fig. 4. Micrographs at different magnifications of Oil red O-stained sections of the aortic arch of offspring. (A) shows a whole section
of the aortic arch. (B) and (C) show higher magnifications of the aortic arch and lesions (indicated with arrows). Sections from
the NC and HCC pups show no lesions, whereas sections from the HC pups show the presence of atherosclerotic lesions.
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NC HC HCC

Fig. 5. Micrographs at different magnifications of Qil red O-stained sections of the descending thoracic aorta of offspring. (A) shows

a whole section of the aortic arch. (B) and (C) show sections of thoracic aorta with atherosclerotic lesions. Sections from
the NC pups show no lesions, whereas sections from the HC and HCC pups show the presence of atherosclerotic lesions.

less in those born to hypercholesterolaemic mothers fed on cocoa
(HCC). Collagen and elastic fibre content of sections from the
thoracic aorta did not show obvious differences between the two
groups (Fig. 6).

Discussion

The causal role of maternal hypercholesterolaemia in foetal
atherogenesis has been established and evidence suggests that
both lipid-lowering and antioxidant interventions during
pregnancy may inhibit atherosclerosis.® Previously, researchers
seldom considered maternal hypercholesterolaemia to
promote atherosclerosis in offspring because the placenta was
thought to be impermeable to cholesterol and also because
cholesterol levels of newborns were not correlated with maternal
hypercholesterolaemia.***' However, results from later studies have
shown that serum cholesterol level is increased in early foetal life,*
and the Fate of Early Lesions in Children (FELIC) study showed
that increased maternal cholesterol levels enhanced the formation

of fatty streaks in foetuses. Although with age, cholesterol levels
in foetuses decrease, maternal hypercholesterolaemia increases
the progression of atherosclerosis later in life.'®

In this study, plasma cholesterol levels were significantly
high in offspring of normocholesterolaemic as well as
hypercholesterolaemic rabbits. Offspring of hypercholesterol-
aemic mothers that received cocoa powder, however, showed
reduced cholesterol levels compared to the other two groups,
suggesting that consumption of cocoa during pregnancy may
reduce plasma cholesterol levels in the offspring of rabbits. It is
not clear from this study the mechanism by which cocoa reduced
plasma cholesterol levels of the offspring, however, this could
have been due to antioxidant activity, as has already been shown
by Napoli and colleagues.®*

Interestingly, plasma cholesterol level was highest in
offspring of normocholesterolaemic rabbits and this may have
been because pregnancy induces a temporary condition of
hypercholesterolaemia necessary for the normal development of
the foetus." However, beyond certain physiological levels, this
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Aortic arch

Thoracic aorta

Abdominal aorta

Fig. 6. Histomicrographs of Verhoeff-Van Gieson-stained sections of the arch, thoracic and abdominal segments of the aorta from
offspring of NC, HC and HCC rabbits. Elastic fibres are stained blue-black or black and collagen fibres are stained red or pink.

condition may lead to the development of certain pathologies in
both the mother and foetus.”

Although the placenta was thought to be impermeable to
lipoproteins, Frantz et al.* showed that this may not be the case,
and results from our study also suggest cholesterol possibly
crossed the placenta into the foetus. This is consistent with
earlier observations that foetal cholesterol levels showed an
inverse correlation with maternal cholesterol level during the
first six months of life.' Increased cholesterol levels in offspring
of normocholesterolaemic mothers did not, however, result in
atherosclerotic lesion formation in this study.

Maternal hypercholesterolaemia in rabbits led to the
formation of atherosclerotic lesions in the aortic arch and
descending thoracic aorta of offspring, as shown by increased
intima—media thickness and the presence of lesions in sections
of the aorta. Increased intima—media thickness of arteries, a
consequence of pathological vascular remodelling, is associated
with several risk factors for atherosclerosis, including age,
systolic blood pressure, diabetes, LDL cholesterol, smoking and
familial hypercholesterolaemia in humans.** The intima—media
thickness is also increased in hypercholesterolaemic patients

compared to controls,” and has become a convenient marker for
atherosclerosis.*

Oxidation of LDL cholesterol is key in the initiation of
atherosclerosis’ and may also trigger vascular remodelling
by enhancing smooth muscle cell proliferation and collagen
deposition, leading to increased intima-media thickness.
Increased deposition of elastic and collagen fibres was observed
in the present study, shown by VVG-stained sections of aortic
arch and thoracic aorta, suggesting increased atherogenesis, as
shown previously.” Moreover, maternal hypercholesterolaemia
has already been shown to increase the presence of collagen
fibres in the intima—media of coronary arteries.”’ The association
of cocoa intake with a smaller number of aortic sections with
atherosclerotic lesions, as well as reduced collagen and elastic
fibre staining in the rabbits may be explained by inhibition of
LDL oxidation®*and reduction in oxidative stress through high
antioxidant®*and anti-inflammatory* activity.

Maternal hypercholesterolaemia may also trigger the
formation of fatty streaks and atherosclerosis in offspring by
enhancing endothelial dysfunction,® a key event in the initiation
and progression of atherosclerosis. It is known that flavanol-
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rich cocoa inhibits endothelial dysfunction,®* and hence the
initiation of atherosclerosis during foetal development.

Conclusion

Regular consumption of cocoa powder during pregnancy
reduced atherogenesis and intima—media thickening in pups of
hypercholesterolaemic rabbits by inhibiting lesion formation and
the deposition of elastic and collagen fibres in the aorta.
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The report says Esperion, which plans to set a $3 500
list price for bempedoic acid, believes it can play interloper.
The list prices of PCSK9 treatments, which currently exceed
$14 000 a year, have limited their use in the three years since
they hit the market. Esperion’s drug doesn’t lower LDL
as well as PCSK9 blockers, which can roughly halve bad
cholesterol levels, but it would be cheaper and wouldn’t
require an injection.

But cracking the market may not be so simple. Earlier
this year, Sanofi and Regeneron struck a deal with Express
Scripts in which they’ll discount their drugs by more than
50% in exchange for an easier path to patients. And, last
week, Amgen made an unprecedented move to slash the list
price of its treatment to $5 850 a year by 2020. According
to the report, that could create a difficult market dynamic
for Esperion. Zetia prescriptions, like statins, are practically
free for patients with insurance, and each has an established
effect on preventing heart attacks and strokes in the long
term. The PCSK9 treatments have demonstrated dramatic
long-term benefits of their own, and their impending price
decreases could put them within reach of more patients than
ever before.

Bempedoic acid has established that it can reduce LDL
cholesterol levels, but its effects on cardiovascular health
won’t be known until a 13 000-patient trial reads out in 2022.
That could leave Esperion struggling to make its case in a
crowded market.

‘'m still not totally convinced that there’s an obvious
place for this drug,’ said Dr Ethan Weiss, a cardiologist at
the University of California — San Francisco Medical Centre,
who wasn’t involved in the study. ‘We have a good drug with
modest efficacy in statins, and then two drugs with significant
efficacy in PCSKO. If you’re a marketer, I don’t know where
you aim your gun at this one.’

The report says Esperion believes bempedoic acid will
have plenty of room to compete. Despite the established
benefits of PCSK9 therapy, only about 20 000 people are
getting the drugs, Esperion CEO Tim Mayleben said. And
that suggests there’s pent-up demand for an alternative.

‘There are 13 million people in the US who have elevated
LDL cholesterol levels and have had a cardiovascular event
and need more cholesterol lowering,” Mayleben said. ‘The
fact that the price of PCSK9s is being lowered, that’s great.
But it’s still almost twice the list price of our drug.’

Source: Stat News report 2018
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Unmasking right ventricular dysfunction in chronic
rheumatic mitral regurgitation

Ruchika Meel, Ferande Peters, Elena Libhaber, Mohammed R Essop

Abstract

Aims: Right ventricular (RV) systolic function is an impor-
tant predictor of mortality but has been poorly studied in
chronic rheumatic mitral regurgitation (CRMR). We studied
RV systolic function using speckle-tracking echocardiography
(STE) in patients with CRMR.

Methods: Seventy-seven patients with CRMR and 40 healthy
controls were enrolled in a cross-sectional study at Chris Hani
Baragwanath Hospital between January and October 2014.
RV peak systolic strain (PSS) and left ventricular (LV) global
longitudinal strain (GLS) were measured using Philips Qlab
9 STE software.

Results: RVPSS was lower in CRMR patients compared to
the controls (—16.8 £ 4.5 vs —19.2 £ 3.4%, p = 0.003) with no
difference in conventional RV systolic function parameters
(» = 0.39). RVPSS was lower in severe CRMR compared to
moderate CRMR patients (—14.3 £ 4.23 vs —18 £ 4.18%, p <
0.0001). CRMR patients with LV systolic dysfunction had a
greater reduction in RVPSS and LVGLS compared to those
with preserved LV systolic function (p = 0.001). LVGLS and
significant tricuspid regurgitation (TR) were independent
predictors of RVPSS (p < 0.001).

Conclusion: In CRMR patients, RVPSS was a more sensitive
marker for detecting earlier RV systolic dysfunction than
traditional RV functional parameters.

Keywords: right ventricle, rheumatic mitral insufficiency, speckle-
tracking echocardiography
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Systolic dysfunction of the right ventricle (RV) is a known
predictor of mortality after acute myocardial infarction or
coronary artery bypass grafting, and in heart failure and
primary pulmonary hypertension (PHT)." In addition to left
ventricular (LV) parameters, RV systolic function provides
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adjunctive information in the decision-making process regarding
surgical intervention in mitral regurgitation (MR).*¢

Pre-operative RV function is an important determinant of
intra-operative and postoperative outcomes in MR and therefore
has prognostic implications.”” Additionally, RV dysfunction
may have important implications in terms of predicting greater
haemodynamic impairment of the LV and secondary PHT due
to MR.* Furthermore, it has been suggested that there may be
direct involvement of the RV by the rheumatic process, resulting
in necrosis of the myocytes, fibrosis and calcification of the
myocardium, with resultant RV dysfunction."

Recently, newer imaging techniques such as speckle-tracking-
derived RV strain have emerged, which offer several advantages
over traditional echocardiographic parameters for assessing
overt and subclinical RV systolic dysfunction.**!"21* There are
no studies that have assessed RV function in chronic rheumatic
mitral regurgitation (CRMR). We therefore aimed to (1) study
RV systolic function using speckle-tracking echocardiography
(STE) in patients with CRMR; and (2) determine the predictors
of RV free-wall peak systolic strain (PSS) in CRMR.

Methods

We conducted a cross-sectional study at the Chris Hani
Baragwanath Academic Hospital. Patients were enrolled
between January and October 2014. All patients were screened
and patients deemed to have moderate or severe CRMR were
referred for possible inclusion in the study. A total of 91 patients
with presumed CRMR underwent clinical evaluation, resting
electrocardiogram and detailed echocardiographic assessment
according to a pre-determined protocol.

The inclusion criteria were patients aged 18 years or older
with echocardiographic features of moderate or severe CRMR.
Patients were excluded if they had significant aortic valve
disease, concurrent mitral stenosis with a valve area of less
than 2 cm?, documented ischaemic heart disease, pre-existing
non-valvular cardiomyopathy, prior cardiac surgery, congenital
or pericardial disease, pregnancy, severe systemic disorders
such as renal failure, uncontrolled hypertension (systolic blood
pressure > 140 mmHg and diastolic blood pressure > 90 mmHg),
were on medication or had severe anaemia (haemoglobin < 10 g/
dl). Fourteen patients were excluded due to the following: atrial
fibrillation, anaemia, renal dysfunction and inadequate image
quality.

The final sample included 77 patients. Forty age- and
gender-matched controls were also included in the study. All
healthy volunteers with no known diseases and adequate
echocardiographic windows were recruited from the community
following an advertisement for the study. A tolerance of five
years was allowed for age matching. The study was approved
by the University of the Witwatersrand Ethics Committee
(M140114).
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Transthoracic echocardiography was performed on all
patients in the left lateral position by experienced sonographers
using a S5-1 transducer on a Philips iE33 system (Amsterdam,
the Netherlands). The images were obtained according to a
standardised protocol. The data were transferred and analysed
oftline using the Xcelera workstation (Philips).

All linear chamber measurements were performed according
to the American Society of Echocardiography (ASE) chamber
guidelines." Measurements relating to LV diastolic function were
performed in accordance with the ASE guidelines on diastolic
function and included pulse-wave Doppler at the mitral tips
and tissue Doppler of both medial and lateral mitral annuli.”
Measurements relating to the RV were based on the ASE
guidelines on the RV."* All LV volumes were indexed to body
surface area. We used a LV ejection fraction (EF) cut-off of
< 60% to define decreased LV systolic function in MR."”

MR was considered of rheumatic aetiology when the
morphology of the valve satisfied the proposed World Heart
Federation criteria for the diagnosis of chronic rheumatic heart
disease (RHD)."® MR severity was assessed with an integrated
approach using qualitative, semi-quantitative and quantitative
methods as per ASE valvular regurgitation guidelines."

Two-dimensional echocardiography images were obtained
at end-expiration from LV long-axis apical four-, three- and
two-chamber (A4C, A3C and A2C) views with frame rates of
60-80 frames per second.” Three consecutive cardiac cycles
were recorded and averaged.”! LV endocardial surface was traced
manually in the three views by a point-and-click approach.”*
The speckle-tracking points were modified to allow for adequate
speckle-tracking of the LV wall.*** The LV was divided into 17
segments. Peak LV longitudinal systolic strain was calculated
for long-axis A4C, A3C and A2C views, and global LV systolic
strain was calculated by averaging the three apical views.?**

RYV free-wall PSS was derived from a modified A4C RV focused
view."” Once three points, namely the RV apex, medial and lateral
tricuspid annulus, were defined, the software automatically
traced the endocardial and epicardial border." Philips QLAB
version 9.0 software allowed off-line semi-automated analysis
of speckle-based strain. This results in the division of the RV
into six standard segments in the A4C view.""** The region of
interest, once created, can be manually adjusted as needed to
allow for adequate speckle-tracking. The RV free-wall PSS was
obtained by averaging three lateral segments (the basal, mid and
apical RV wall).” The interventricular septum was excluded from
analysis.”** The longitudinal € curves for each segment and a
mean curve of all segments was generated by the software. These
curves were used to derive peak negative RV free-wall PSS.

Statistical analysis

This was performed with Statistica (version 12.5, series 0414 for
Windows). Continuous variables are expressed as mean + SD or
median (IQR). The Student’s z-test or Mann—Whitney U-test
were used to compare continuous variables. Categorical variables
were evaluated with the chi-squared and Fisher’s exact tests when
necessary. A p-value of < 0.05 was recognised as statistically
significant.

Univariate and multivariate linear regression analysis was
used to identify possible independent determinants of RV free-
wall PSS. The independent variables with p < 0.05 on univariate

analyses were tested in multivariate models. Pearson’s correlation
coefficient was used to assess the co-linearity between variables.
These models were further analysed using the forward and
backward multiple linear regression methods.

The intra- and inter-observer variabilities were assessed
for RV free-wall PSS and LVGLS. Measurements were done
in 20 randomly selected subjects. Inter- and intra-observer
reproducibility was assessed by calculating coefficients of
variation. A p-value < 0.05 was considered statistically significant.

Results

There was no statistically significant difference in age, gender,
systolic blood pressure, diastolic blood pressure, body mass index
and heart rate between the patients with MR and the controls (p
> (.05) (Table 1). Hypertension, HIV and a combination of the
two co-morbidities were identified in 41.5, 12.9 and 15.5% of
patients, respectively. Forty-two per cent of the patients were in
New York Heart Association functional class 1, the remainder
were in class 2 (49%) and 3 (9%).

Among the CRMR patients, moderate MR was present in
51 (66%) and severe MR in 26 (34%) subjects. As expected,
compared to controls, linear and volumetric measures of the LV
revealed a greater degree of LV dilatation, and LV mass as well
as left atrial volumes were increased. LVEF was significantly
lower in CRMR patients compared to the controls. In addition,
analysis of LV diastolic parameters revealed that compared to
the controls, E” of both annuli was lower and E/E” was higher
(Table 2).

Pulmonary artery systolic pressure (PASP) was significantly
higher in the MR group compared to the controls (35.1 *
16.9 vs 22.1 + 5.6 mmHg, p < 0.0001). Grade > 2+ tricuspid
regurgitation (TR) was present in 30% of the patients with
CRMR. No difference was noted between RV basal size, right
atrial volume indexed, tricuspid annular plane systolic excursion
(TAPSE) and RVS’ between the CRMR and control groups.
However RV free-wall PSS was significantly lower in the CRMR
patients compared to the controls (Table 2, Fig. 1).

Patients with severe CRMR had higher PASP and a greater
degree of RV hypertrophy compared to those with moderate
MR (Table 3). RV free-wall PSS was significantly lower in
severe MR compared to patients with moderate MR, whereas
no difference was detected between these groups for both
TAPSE and tricuspid S’. A similar trend of depressed RVPSS
with unchanged TAPSE and RVS’ was noted when comparing
patients with LV dysfunction with those with preserved LVEF
(Table 4).

Table 1. Baseline clinical characteristics of the study population

CRMR patients Controls
Variable (n=77) (m=40) p-value
Age (years) 44+13.6 42+134 0.4
Gender (M:F) 13:64 8:32 0.6
Body surface area (m?) 1.7£0.2 1.8+0.2 0.01
Body mass index (kg/m?) 27.1+£59 284+6.2 0.3
Systolic blood pressure (mmHg) 1242+11.4 124 £17.5 0.94
Diastolic blood pressure (mmHg) 77£9.1 757+ 12.6 0.52
Heart rate (beats/min) 77.1£12.6 76.3t14.1 0.75
Data are presented as mean = SD or %.
CRMR: chronic rheumatic mitral regurgitation.
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Table 2. Echocardiographic parameters of the study population

CRMR patients Controls
Variable (n=77) (n=40) p-value
LV parameters
EDD (mm) 548+9.4 425+4.38 <0.0001
ESD (mm) 414194 27.1+42 <0.0001
LVPWD (mm) 85+1.5 9.2+£19 0.03
EDVi (ml/m?)' 93.2+30.1 479+13.5  <0.0001
ESVi (ml/m?)' 40.0+£22.2 17.8+6.4 <0.0001
LAVi (ml/m?)? 64.1+39.9 21.9+49 <0.0001
EF (%) 58.5+12.9 628+ 11.2 0.07
LVMi (kg/m?)' 102.7 +36.3 65.6+20.3  <0.0001
E wave (cm/s) 133.8 +48.1 77.0+17.6  <0.0001
A wave (cm/s) 98.4+£33.5 59.6+£13.0  <0.0001
E’ medial (cm/s) 73+23 8.8+2.8 0.002
E’ lateral (cm/s) 10.1£4.0 13.4+3.6 <0.0001
E/E’ medial (cm/s) 20.1+£10.7 9.4+£3.0 <0.0001
E/E’ lateral (cm/s) 154+8.8 59+1.6 <0.0001
S’ medial (cm/s) 63+1.3 7.1£1.6 0.004
S’ lateral (cm/s) 7.3+2.5 82+2.6 0.07
LV GLS (%) 16.1+£5.3 179+2.1 0.04
RV parameters
RV base (mm) 32.1£6.9 30.8£4.7 0.28
RVS’ (cm/s) 11.5(9.7-13.8) 11.6(10.5-13.4)  0.29
TAPSE (cm) 21104 22+£32 0.78
RAVi (ml/m?)? 23.1+129 18.6+54 0.03
TR (grade > 2+ TR) (%) 30% - -
PASP (mmHg) 35.1+16.9 22.1+5.6 <0.0001
RV free-wall PSS (%) -16.8£4.5 -19.2+£34 0.003
Data are presented as mean + SD or %. "Values are indexed to BSA.
CRMR, chronic rheumatic mitral regurgitation; EDVi, end-diastolic volume
indexed; ESVi, end-systolic volume indexed; IVSD, interventricular septal
diameter; LAVi, left atrial volume indexed; EDD, end-diastolic diameter; EF,
ejection fraction; ESD, end-systolic diameter; GLS, global longitudinal strain;
LV, left ventricle; LVMI, left ventricular mass indexed; NYHA, New York Heart
Association; PASP, pulmonary artery systolic pressure; PWD, posterior wall
diameter; PSS, peak systolic strain; RAVi, right atrial volume indexed; RV, right
ventricle; TAPSE, tricuspid annular plane systolic excursion.

Table 3. RV systolic function parameters according to severity of MR

Moderate CRMR Severe CRMR

Variable (n=51) (n=26) p-value
RV wall thickness (mm) 59+1.6 72423 0.006
PASP (mmHg) 31.0+12.3 439+21.3 0.001
RVS’ (cm/s) 11.6 (9.9-14.6) 11.4(9.4-13.4) 0.29
TAPSE (cm) 2.1+£0.38 20+04 0.28
RV free-wall PSS (%) -17.7+42 -15+4.7 0.01

Data are presented as median (IQR), mean £ SD. CRMR, chronic rheumatic
mitral regurgitation; PASP, pulmonary artery systolic pressure; PSS, peak
systolic strain; RV, right ventricle; TAPSE, tricuspid annular plane systolic
excursion.

There was a positive correlation between RV free-wall PSS
and LVGLS in patients with CRMR (r = 0.3, p < 0.001). The
majority of patients (45%) had preserved RV free-wall PSS and
LVGLS, 26% had decreased LVGLS and RV free-wall PSS, 18%
had diminished LVGLS and preserved RV free-wall PSS, and a
minority (11%) had preserved LVGLS with decreased RV free-
wall PSS (Fig. 2).

By univariate linear regression analysis, severe MR, grade
> 2+ TR, PASP, LVEF, LV end-diastolic diameter, lateral S’
and LVGLS showed a significant association with RV free-wall
PSS, with LVGLS having the strongest correlation (Table 5). By
multivariate linear regression analysis after adjusting for age
and gender, LVGLS and grade > 2+ TR emerged as the most
important predictors of RVPSS (Table 5).

RV free-wall PSS measurements were feasible in 76 patients.
In one patient, RV free-wall PSS was not feasible due to poor
imaging of the lateral wall, however, LVGLS could be quantified.
The intra-observer coefficient of variation for RV free-wall PSS
was 7% with a mean difference £ SD of 0.4 + 2.7 (p = 0.5), and
for LVGLS it was 2.4% with a mean difference + SD of 1.1 £ 2.7
(p =0.09). The inter-observer variability coefficient was 7.6% for
RV free-wall PSS with a mean difference + SD of 0.5 £ 3.8 (p =
0.5) and for LVGLS it was 9.8% with a mean difference + SD of
025+£24 (p=0.6).

2000 %

2000 %

& €RORs o

G.L. Strain =-25%

Fig. 1. Reduced RV free-wall peak systolic strain (PSS) in a chronic rheumatic mitral regurgitation patient (left) compared to normal
RV free-wall PSS in a control subject (right).
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Table 4. Comparison of RV systolic function parameters
in CRMR according to LV systolic function

LVEF<60% LVEF 260%
Variable (n=32) (n=45) p-value
RVS’ (cm/s) 11.3(9.7-13.0) 12.0 (9.6-14.7) 0.27
TAPSE (cm) 1.9+0.30 2.1+041 0.07
LVGLS (%) -13.1£5.6 -182+39 <0.001
RVPSS (%) -14.6+4.1 182142 0.0003
PASP (mmHg) 39.9+21.5 31,6 11.5 0.03
Data are presented as median (IQR), mean £ SD or %. EDD, end-diastolic
diameter; GLS, global longitudinal strain; LV, left ventricle; PASP, pulmonary
artery systolic pressure; PSS, peak systolic strain; RV, right ventricle; RVH, right
ventricular hypertrophy; TAPSE, tricuspid annular plane systolic excursion.

Discussion

The pertinent findings of this study are firstly, that RV free-
wall PSS is a sensitive marker of subclinical RV dysfunction
in CRMR patients, as evidenced by depressed RV free-wall
PSS when conventional clinical measures of RV function were
normal. This trend was observed with CRMR patients compared
to controls, moderate compared to severe MR and between
those with normal LVEF and those with depressed LVEF.
Secondly, LVGLS and significant TR were the most important
determinant of RV free-wall PSS.

RV functional impairment and decreased LVEF are powerful
predictors of cardiovascular and overall survival in degenerative
MR.* The main determinants of RV function in MR are RV
load, myocardial function, neuro-hormonal abnormalities and
ventricular interaction.>*

Only RV free-wall PSS was measured in this study as the
interventricular septum contributes minimally to RV function.”
RVPSS is known to have prognostic and predictive value in
various cardiovascular disease states."? In this study RV systolic
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Fig. 2. Correlation between RV free-wall peak systolic strain
(PSS) and LV global longitudinal strain (LVGLS) in
chronic rheumatic mitral regurgitation (R*= 0.1984,
p < 0.001). Category 1, normal LVGLS and normal

RV free-wall PSS; category 2, normal LVGLS and
decreased RV free-wall PSS; category 3, decreased
LVGLS and decreased RV free-wall PSS; category 4,
decreased LVGLS and normal RV free-wall PSS.

Table 5. Predictors of RV free-wall PSS in chronic rheumatic mitral

regurgitation: uni- and multivariate linear regression analysis

Univariate models R-value Adjusted R? p-value
Age (years) 0.06 0.004 0.56
Gender (M) 0.14 0.008 0.20
LVEF (%) 0.33 0.09 0.003
LVEDD (mm) 0.29 0.07 0.009
Lateral S” (cm/s) 0.24 0.04 0.03
PASP (mmHg) 0.31 0.08 0.006
Severe MR 0.29 0.07 0.008
LVGLS (%) 0.44 0.18 <0.001
Grade 22+ TR 0.42 0.16 0.0001
Multivariate model

R=0.56, p <0.0001

LVGLS (%) 0.40 0.07 0.0004
Grade 22+ TR 0.37 0.07 0.001
Multivariate model

R=0.58, p<0.0001

LVGLS (%) 0.35 0.08 0.0009
Grade >2+ TR 0.38 0.46 0.005
PASP (mmHg) -0.0007 0.44 0.99
Multivariate model

R=0.57, p<0.0001

LVGLS (%) 0.39 0.08 0.0006
Grade 22+ TR 0.29 0.24 0.01
Severe MR 0.12 0.26 0.27
Multivariate model

R=0.56, p <0.0001

LVGLS (%) 0.30 0.34 0.008
Grade >2+ TR 0.36 0.08 0.001
LVEF (%) -0.08 0.31 0.45
Multivariate model

R=0.55, p<0.0001

LVGLS (%) 0.33 0.29 0.004
Grade 22+ TR 0.36 0.07 0.002
Lateral S” (cm/s) -0.04 0.38 0.69
Multivariate model

R=0.5,p<0.001

LVGLS (%) 0.34 0.16 0.002
Grade 22+ TR 0.36 0.05 0.001
LVEDD (mm) 0.13 0.14 0.26
EDD, end-diastolic diameter; EF, ejection fraction; GLS, global longitudinal
strain; LV, left ventricle; MR, mitral regurgitation; PASP, pulmonary artery
systolic pressure; TR, tricuspid regurgitation.

dysfunction was more prevalent by STE than with commonly
used conventional markers of systolic function such as TAPSE
and RVS’. STE-derived RVPSS has been shown to be feasible
and reproducible for clinical use."'"'? In this study RV free-wall
PSS was feasible and reproducible in assessing RV function
in CRMR. STE has been shown to be advantageous over
conventional echocardiographic parameters used to measure RV
systolic function in a variety of cardiovascular disorders such
as heart failure, pulmonary hypertension and pre-operative and
postoperative RV function assessment. %1213

This finding can be explained by technical aspects, as speckle-
tracking is angle independent and less influenced by heart
motion compared to TAPSE and RVS’." Additionally, TAPSE
and S’ only measure regional RV function, whereas RV free-wall
PSS is able to provide more global assessment of RV function.!
Furthermore, Focardi et al. recently showed that among all RV
systolic function parameters, RVPSS had the best correlation
with RVEF measured by cardiac magnetic resonance imaging.”
Therefore, although STE is limited by image quality and load
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dependence, unlike traditional echocardiographic parameters, it
is able to detect subclinical longitudinal RV dysfunction.

The decreased RV free-wall PSS with preserved traditional
markers of RV systolic function in this study implies subclinical
RV dysfunction. The mechanism of reduced RV strain in this
study may be related to the elevated PASP, as the RV is known
to be extremely sensitive to afterload.”* Even small increases
in pulmonary vascular resistance can markedly decrease
RV contractile function. Prior studies have noted a similar
relationship between RV systolic performance and pulmonary
hypertension in degenerative MR .5

Le Torneau et al. have shown in their study that, even though
increased RV afterload secondary to PHT was an important
cause of RV dysfunction in MR, LV dysfunction also contributed
significantly to RV dysfunction, due to their interdependent
relationship.’ In this study PASP was only modestly elevated
but the markers of LV remodelling and systolic function such
as LVGLS, LVEDD and S’ velocity were markedly abnormal.
Therefore, in agreement with Le Torneau et al.,’ LV remodelling
and LV dysfunction, in addition to the modest elevation in
PASP, may be important causes of RV functional impairment
in CRMR.

This is supported by the finding of reduced RV free-wall PSS
in patients with LVEF < 60% and reduced LVGLS. Additionally,
most patients had abnormal RV free-wall PSS in the presence of
abnormal LVGLS, and those with normal RV free-wall PSS also
had normal LVGLS. However, conventional RV systolic function
parameters were still preserved even in the presence of LV
systolic dysfunction. Hence, once abnormalities in LV systolic
function are noted in MR, systematic RV function assessment
must be done with not only traditional parameters but also
STE, in order to detect subclinical RV dysfunction and reduce
mortality associated with biventricular functional impairment.’

Severe MR was associated with worse RV function and was
found to be a determinant of RVPSS in a study by Le Torneau
et al® Volume overload as a result of chronic MR results in LV
remodelling, as noted in our study, and this in turn results in
abnormalities of RV and LV interaction. RV free-wall PSS was
lower in patients with severe MR compared to moderate MR. This
association can be explained by greater chronic volume overload
of the LV and left atrium, accompanied by increased PASP
secondary to backward transmission of increased LV pressure,
as well as remodelling of the pulmonary vasculature in severe
compared to moderate MR.* However, a lack of difference in
traditional RV systolic function parameters between the moderate
and severe MR groups was present, and therefore quantitative
RV function assessment in CRMR mandates evaluation by both
conventional indices and RV longitudinal strain.

TR was an independent predictor of RV free-wall PSS.
Significant TR is likely a reflection of deteriorating RV function
secondary to left-sided disease. The increase in RV preload
initially results in increased RV free-wall PSS due to increased
myocardial lengthening in diastole and shortening in systole.
Once RV myocardial contractile dysfunction ensues, however,
RV systolic strain declines, as RV reaches the descending limb of
the Frank—Starling curve.

Finally, the decline in RV free-wall PSS may be partially
attributed to primary RV dysfunction. The intrinsic myocardial
functional abnormality may be a result of longstanding activation
of neuro-hormonal pathways and increased afterload secondary

to chronic mitral regurgitation.®* We further speculate that
there may be direct involvement of the RV myocardium by the
rheumatic process.

This study had two limitations: first, lack of reference
standard for RV functional assessment such as additional
imaging in the form of cardiac MRI and three-dimensional
echocardiography, and second, we did not routinely perform
right and left heart catheterisation to assess PASP, pulmonary
vascular resistance and coronary anatomy.

Conclusion

In CRMR patients, RV free-wall PSS was a more sensitive marker
for detecting earlier RV systolic dysfunction than traditional
RV functional parameters. LVGLS and TR were important
determinants of RV free-wall PSS in CRMR.

The first author was the recipient of the Carnegie PhD Fellowship award
(Carnegie Corporation grant no. b8749.r01).
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The effect of perindopril on echocardiographic
parameters, NYHA functional class and serum
NT-proBNP values in patients with diastolic heart failure
Umit Yuksek, Levent Cerit, Nihan Kahya Eren, Oktay Ergene

Abstract

Introduction: Growing evidence has demonstrated that dias-
tolic heart failure occurs in about half of heart failure
(HF) patients. We investigated the effects of perindopril on
echocardiographic parameters, New York Heart Association
(NYHA) functional class and serum N-terminal pro B-type
natriuretic peptide (NT-proBNP) levels in patients with dias-
tolic heart failure.

Methods: In total, 108 diastolic heart failure patients aged > 50
years, who had diastolic dysfunction with an ejection fraction
> 50%, were enrolled and randomised to one of the two study
groups. Perindopril was initiated in the study group and the
control group was given standard therapy. Echocardiographic
parameters, NT-proBNP levels and NYHA classes were
recorded. The patients were followed for 11 (three to 16)
months. Eighty-eight patients completed the study.

Results: Although diastolic parameters were not changed, A’
(septal) velocity (10.8 vs 9.9 cm/s) and Sm (septal) velocity
(8.5 vs 7.6 cm/s) were significantly increased in the perindopril
compared to the control group. A significant increase in A’
(septal) velocity (+0.61 vs —0.28 cm/s, p = 0.04) and a slight
increase in Sm (septal) velocity (+0.99 vs 0.36 cm/s, p = 0.054)
were noted in the perindopril group.

Conclusions: Tissue Doppler septal late diastolic velocities
and septal systolic myocardial velocities increased in the
perindopril group but NT-proBNP levels, and NYHA class
was not changed in this study population.

Keywords: diastolic heart failure, perindopril, NT-proBNP,
transthoracic echocardiography
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Heart failure (HF) with normal or preserved ejection fraction
(HFpEF), also called diastolic heart failure (DHF), occurs
in about half of HF patients. DHF is defined as a clinical
syndrome in patients with symptoms and/or signs of HF who
have an ejection fraction of > 50%, accompanied by elevated
natriuretic peptide levels and relevant structural heart disease
(left ventricular hypertrophy and/or left atrial enlargement) or
diastolic dysfunction on echocardiography according to 2016
European Society of Cardiology guidelines for heart failure.'
Diastolic dysfunction (DD) is an important component of
HFpEF.

In some previous studies, DD was an inclusion criterion for
the study (e.g. PEP-CHF study), whereas it was not a prerequisite
in others (e.g. -)PRESERVE or CHARM-Preserved trials). In an
echocardiographic sub-study of the CHARM-Preserved trial,
67% of the patients had DD.> Left atrial (LA) function, which
is a component of diastolic function, is also an important
contributor to the pathophysiology of HFpEF. Several previous
studies demonstrated that increased LA size and decreased LA
systolic function are the most important part of the HFpEF.>¢

Parameters indicating LA systolic function may be found
abnormal in HFpEF patients during exercise and may correlate
with reduced exercise capacity in these patients.’ There are many
ways to assess LA systolic function, such as measurements of
LA systolic strain, LA emptying fraction and end-diastolic
mitral annular velocity in pulsed tissue Doppler. Doppler tissue
imaging of the mitral annulus during atrial systole has been
shown to be a practical method to quantify left atrial contractile
function.® This parameter (Am) correlates well with the changes
in LA fractional area, and it therefore provides an easy way to
assess LA systolic function.

It has long been evident that this disease is not only a disease
of diastolic function. A number of studies have shown that
left ventricular longitudinal function, which is a component of
systolic function that can be measured as myocardial systolic
velocity (Sm) in tissue Doppler echocardiography (TDE), is also
reduced in these patients, even though the ejection fraction is
within the so-called ‘normal’ or ‘preserved’ limits.”"

Benefits of some drugs were demonstrated on diastolic
function in DHF patients. A calcium channel blocker (CCB),
verapamil, was shown to have some benefit on diastolic function
in patients with HFpEF."*"* Recently eplerenone induced
improvements in diastolic echocardiographic measures (e.g.
E/E’ parameter) in HFpEF patients.' In the Hong Kong
diastolic heart failure study, both irbesartan and ramipril,
added to diuretics in HFpEF patients, increased mean peak
systolic (Sm) and early diastolic (Em) mitral annular velocities
in TDE."” There are also some studies investigating the effects of
perindopril on diastolic function in patients with hypertension
(HT), diabetes mellitus (DM), or stable coronary artery disease
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(CAD)."** In those studies, perindopril improved the parameters
of diastolic function in patients with HT and CAD but did not
affect diastolic function in diabetic patients.

Theeffects of perindopril on the echocardiographic parameters
of diastolic and systolic function have not been previously
investigated in patients with DHF. Given the aforementioned
studies, we aimed to investigate the effects of perindopril on
the parameters of diastolic left atrial function and longitudinal
myocardial function with TDE in patients with DHF. We also
investigated whether perindopril treatment changed the NYHA
functional class and serum NT-proBNP levels in this study
population.

Methods

We enrolled 108 patients with DHF, aged > 50 years, who
presented to Izmir Ataturk Education and Research Hospital
(IAERH) cardiology out-patient clinics with HF symptoms
and were found to have an ejection fraction (EF) of > 50%
on transthoracic echocardiography (TTE) accompanied by
an evidence of DD on TDE. The HF diagnosis was based on
Framingham heart failure criteria.

Exclusion criteria included the following: EF < 50%, patient age
< 50 years, severe valvular disease on echocardiography, a history
of acute coronary syndrome, atrial fibrillation, cardiomyopathy
or pericardial disease, anaemia (serum haemoglobin levels < 10 g/
dl), hyperthyroidism, hypothyroidism, renal insufficiency (serum
creatinine > 2 mg/dl or dialysis), serum potassium level > 5.5
mEq/l, moderate to severe pulmonary hypertension (sPAP > 50
mmHg), and/or intolerance to angiotensin converting enzyme
inhibitors (ACEIs) or angiotensin receptor blockers (ARBs),
bilateral renal artery stenosis, or any kind of malignancy.
Patients with decompensated HF were also excluded.

The patients were randomised into two groups using a basic
randomisation method. The first group (perindopril group) was
started on oral perindopril treatment (5 mg/day) and the control
group received standard DHF treatment alone. None of the
patients was using ACEIs or ARBs before enrollment in the study.
The study was designed as a randomised and prospective study.

All patients underwent a detailed clinical examination
and comprehensive TTE (including TDE) using standardised
equipment (Vivid 3 Pro Echocardiography, General Electric
Corp, Milwaukee, WI, USA). EF was measured both visually and
using the M-mode method. All echocardiographic parameters
were measured and recorded.

Blood pressure measurements were taken after 10 minutes of
rest. The height and weight of all patients were measured and
body mass index (BMI) was calculated. The functional capacity
of the patients was assessed according to the NYHA classification
system (I-IV). Blood samples were drawn from all patients for
biochemistry, complete blood count and NT-proBNP analyses.
Blood samples for NT-proBNP measurements were stored in a
—70°C refrigerator until the time of analysis, and were analysed
using Siemens Corp Immulite-2000 NT-proBNP kites.

The study was approved by the local ethics committee of
TAERH and was conducted in accordance with the Declaration
of Helsinki.

The patients were followed for a mean period of 11 months
(range: three to 16 months). After one month of follow up, blood
samples were drawn from all patients for biochemistry analyses

108 patients were randomised

v

54 patients were included
in the perindopril group
(Group 1)

v

3 patients died

4 patients decided
to withdraw from the |<—
study

10 patients
discontinued s
perindopril

\ /

54 patients were included in
the control group not taking
perindopril (Group 2)

At the end of the follow-up
period, perindopril group
consisted of 37 patients

3 patients decided
—»| to withdraw from the
study

\

At the end of the follow-
up period, control group
consisted of 51 patients

Fig. 1. Flow-chart of the study.

and complete blood counts. No significant deteriorations were
noted in serum creatinine or potassium levels, and all patients
had tolerated the study drug during this period. Accordingly,
perindopril dose in the study group was up-titrated to 10 mg/day
at the end of one month.

Over the 11-month follow-up period, seven patients decided
to withdraw from the study and three patients died. Perindopril
was discontinued in 10 patients for different reasons (due
to any side effect). Therefore, at the end of the follow-up
period, the perindopril group consisted of 37 patients and the
control group included 51 patients (Fig. 1). At the end of the
follow-up period, all patients were invited to the hospital and
echocardiographic assessments were repeated. Blood samples
were drawn for biochemistry and NT-proBNP measurements.
NYHA functional classes were reassessed and recorded.

The primary endpoints of the study were the changes in E’,
A’, and Sm velocities, E/E’, E/A, and E’/A’ ratios, isovolumic
relaxation time (IVRT) and deceleration time (DT) at the end of
the follow-up period. Secondary endpoints included the changes
in NT-proBNP levels and NYHA functional classes.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS) version
15.0 software program was used for statistical analysis. The
Kolmogorov—Smirnov test was used to determine whether the
numerical variables were normally distributed. A z-test was
used to compare normally distributed variables between the
two groups and the Mann—Whitney U-test was conducted for
non-normally distributed variables. For categorical variables,
cross-tables were made, and chi-squared analysis or Fisher’s exact
test was performed. The changes from baseline until the end of
the 11-month follow-up period were assessed using the Wilcoxon
test for non-normally distributed variables and a paired-samples
t-test for normally distributed variables. A p-value of < 0.05 was
accepted as statistically significant.
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Table 1. Comparison of the baseline characteristics of the study groups

Perindopril group — Control group

Variable (n=37) (n=351) p-value
Age (years) 62+8 618 0.879
Female, n (%) 31 (84) 38 (75) 0.432
Hypertension, 1 (%) 31(84) 41 (80) 0.784
Diabetes mellitus, n (7o) 19 (51) 17 (33) 0.124
Coronary artery disease, n (%) 4(11) 11(22) 0.254
Peripheral arterial disease, n (%) 2(5) 0(0) 0.174
Hyperlipidaemia, n (%) 18 (49) 30 (59) 0.390
Antihyperlipidaemics, n (%) 5(14) 10 (20) 0.571
Aspirin, n (%) 15 (41) 20 (39) 1.000
Calcium antagonists, n (%) 28 (76) 26 (51) 0.026
Beta-blockers, 1 (%) 15 (41) 20 (39) 1.000
Antidiabetics, 1 (%) 15 (41) 12 (24) 0.105
Diuretics, n (%) 19 (51) 30 (59) 0.521
Body mass index (kg/m?) 33+6 33£5 0.914
Systolic blood pressure (mmHg) 126 £ 16 123+ 19 0.341
Diastolic blood pressure (mmHg) 76+ 12 73+ 13 0.388
Serum creatinine level (mg/dl) 0.92+0.14 0.98+0.25 0.126
NYHA class, n (%)

2 29 (78) 33 (65) 0.237

3 8(22) 18 (35)
NT-proBNP (pg/ml)

Median 114 128 0.391
NYHA; New York Heart Association.

Results

The mean age of the patients was 62 years (50-83). Of all
patients, 78% were women; 81.8% were hypertensive, and 31%
had a history of heart failure. Sixty-one per cent of the patients
were receiving CCBs, 39% were receiving beta-blockers, and
55.6% were using diuretics. One per cent of the patients were in
NYHA functional class 1, 68% were in NYHA class 2, and 31%
were in NYHA class 3.

During the 11 months of follow up, seven patients withdrew
from the study and three patients died. Perindopril treatment
was discontinued in 10 patients due to side effects (dry cough
and hypotension). Therefore, at the end of the study period,
the perindopril group consisted of 37 patients and the control
group included 51 patients. The final analyses of the study
were made on the data from 88 patients. The patients in the
perindopril group used CCBs more frequently than the patients
in the control group (76 vs 51%, p = 0.026). The other clinical
and demographic characteristics were similar between the two
groups (Table 1).

Echocardiographic parameters: At the study baseline, the
mean visual EF of the patients was 64%, and the mean EF on
M-mode was 65%. Mean left atrial volume index (LAVI) was
24 ml/m>. The mean E/A ratio was 0.80, while the average E’
(mean) velocity was 6.5 cm/s. The average A’ (septal) velocity
was measured as 10.1 cm/s, whereas A’ (lateral) velocity was
10.2 cm/s and A’ (mean) velocity was 10.2 cm/s. The E/E’ (mean)
ratio was 11.2. The average Sm (septal) velocity was 7.2 cm/s,
and Sm (lateral) velocity was 7.0 cm/s; Sm (mean) velocity was
7.2 cm/s. Twenty-six per cent of the patients had left ventricular
hypertrophy (LVH); 85% had grade 1 DD, and 15% had grade
2 DD. None of the patients had grade 3 DD. There was no
significant difference between the two groups in terms of the
baseline echocardiographic parameters (Table 2).

Primary outcomes: At the end of the follow-up period, EF

Table 2. Comparison of the baseline echocardiographic
parameters in the study groups

Perindopril group  Control group

Variable (n=37) (n=51) p-value
LA diameter (mm) 39+5 40+4 0.742
LVH, n (%) 11 (30) 12 (24) 0.624
LAV (ml) 44+ 11 46+ 11 0.382
LAVI (ml/m?) 24+6 25+6 0.726
EF (%) 66+7 65+8 0.591
E velocity (m/s) 0.75+£0.17 0.72£0.17 0.446
A velocity (m/s) 0.94+0.20 0.95+0.24 0.902
E/A ratio 0.83+0.26 0.80£0.24) 0.537
E’ (sep) velocity (cm/s) 6.5+1.0 6.5+0.8 0.925
E’ (lat) velocity (cm/s) 6.7£0.9 6.5+1.0 0.327
A’ (sep) velocity (cm/s) 102+1.7 10.2+1.6 0.919
A’ (lat) velocity (cm/s) 10.3+2.6 10.2+2.1 0.867
E’ (mean) velocity (cm/s) 6.6+0.8 6.5+£0.8 0.491
A’ (mean) velocity (cm/s) 103+1.8 102+1.5 0.872
E’/A’ (sep) ratio 0.65+0.13 0.66+0.11 0.880
E’/A’ (lat) ratio 0.67£0.15 0.66£0.16 0.569
E’/A’ (mean) ratio 0.66+0.12 0.65+0.12 0.684
E/E’ (sep) ratio 11.7+£2.8 11.2+2.8 0.472
E/E’ (lat) ratio 11.3+2.7 11.4+3.1 0.953
E/E’ (mean) ratio 11.4+25 11.2+28 0.787
Sm (lat) velocity (cm/s) 73+£19 7.0+£1.5 0.450
Sm (sep) velocity (cm/s) 7.5+2.0 72+1.3 0.351
Sm (mean) velocity (cm/s) 74+1.7 7.01+1.1 0.350
DD grade, n (%)

Grade 1 31(84) 42 (82) 1.000

Grade 2 6(16) 9 (18)
IVRT, mean (msn) 132+27 129+ 21 0.533
DT, mean (msn) 238 +39 241 +35 0.658
LA: left atrium, LVH: left ventricular hypertrophy, LAV: left atrial volume,
LAVT: left atrial volume index, EF: ejection fraction, E velocity: early diastolic
mitral inflow velocity, A velocity: late diastolic mitral inflow velocity, E/A: ratio
between early and late diastolic mitral inflow velocities, E” (sep) velocity: septal
tissue Doppler early diastolic mitral annular velocity, A’ (sep) velocity: septal
tissue Doppler late diastolic mitral annular velocity, E” (lat) velocity: lateral
tissue Doppler early diastolic mitral annular velocity, A” (lat) velocity: lateral
tissue Doppler late diastolic mitral annular velocity, E” (mean) velocity: mean
tissue Doppler early diastolic mitral annular velocity, A” (mean) velocity: mean
tissue Doppler late diastolic mitral annular velocity, E'/A” (sep, lat, mean): the
ratio between septal/lateral/mean tissue Doppler early and late diastolic mitral
annular velocities, E/E’ (sep, lat, mean): the ratio between septal/lateral/mean
early diastolic mitral inflow velocities and tissue Doppler early diastolic mitral
annular velocities, Sm (sep, lat, mean): septal/lateral/mean tissue Doppler
systolic mitral annular velocities, DD: diastolic dysfunction, IVRT: isovolumic
relaxation time, DT: deceleration time, SD: standard deviation.

values were similar between the two groups. Mean LAVI values,
mean E/A ratios, average E’ (mean) velocities, average A’ (mean)
velocities, E/E” (mean) ratios were also not significantly different
between the two groups. LVH was found in 30 and 26% of the
patients in the perindopril and control groups, respectively.
When we compared the echocardiographic parameters of the
two groups at the end of the follow-up period, all parameters
were comparable except for significant differences noted in A’
(sep), Sm (sep) and Sm (mean) velocities. A” (sep), Sm (sep) and
Sm (mean) velocities were significantly higher in the perindopril
group (Table 3). A” (sep) velocity in the perindopril group
was significantly higher than in the control group (10.8 vs 9.9
cm/s, 95% CI: 0.065-1.795, p = 0.036). Sm (sep) velocity was
also elevated in the perindopril group (8.5 vs 7.6 cm/s, 95% CI:
0.127-1.791, p = 0.025). Sm (mean) velocity was also higher in
the perindopril group (8.3 vs 7.7 cm/s, 95% CI: 0.046-1.163, p
= 0.034). DT and IVRT values were similar between the two
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Table 3. Comparison of the echocardiographic parameters
at the end of the 11-month follow-up period

Perindopril group — Control group

Variable (n=37) (n=51) p-value
LA diameter (mm) 40+5 40+4 0.994
LVH, n (%) 11 (30) 13 (26) 0.809
LAVI (ml/m?) 25+6 25+5 0.830
M-mode EF (%) 65+7 646 0.669
E/A ratio 0.86 £0.24 0.83£0.21 0.520
E’ (sep) velocity (cm/s) 6.8£0.7 6.6+0.7 0.153
E’ (lat) velocity (cm/s) 7.2£0.8 7.0£0.9 0.460
A’ (sep) velocity (cm/s) 10.8+24 99+1.2 0.036
A’ (lat) velocity (cm/s) 10.5+1.8 104£1.5 0.710
E’ (mean) velocity (cm/s) 7.0£0.5 6.8+0.7 0.165
A’ (mean) velocity (cm/s) 10.7+1.6 102+1.2 0.093
E’/A’ (mean) ratio 0.67+0.13 0.68£0.11 0.628
E/E’ (mean) ratio 11.2+24 11.6+2.7 0.487
Sm (lat) velocity (cm/s) 8.1+1.8 78+1.3 0.399
Sm (sep) velocity (cm/s) 85+22 7.6+1.4 0.025
Sm (mean) velocity (cm/s) 83+1.6 77+1.1 0.034
DD grade, n (%)

Grade 1 30 (81) 44 (86) 0.564

Grade 2 7(19) 7 (14)
IVRT, mean (msn) 11816 117+17 0.806
DT, mean (msn) 224 +27 233+29 0.128

groups, which suggested that perindopril treatment did not have
a significant effect on these variables.

We also analysed the changes in the echocardiographic
parameters from baseline until the end of the follow-up period.
For this purpose, we compared the differences in the values
recorded at the end of the follow-up period between the two
groups. As a result, we found that only the change in the A’ (sep)
velocity parameter was statistically significant. In the perindopril
group, the A’ (sep) velocity increased, whereas it decreased in the
control group. During the study we observed 0.61 cm/s increase
in A’ (sep) velocity in the perindopril group and a decrease of
0.28 cm/s in the control group (0.61 vs —0.28 cm/s, 95% CI:
0.039-1.748, p = 0.04). The increase in Sm (sep) velocity in the
perindopril group also reached near significance (p = 0.054). The
changes observed in the other parameters were not statistically
significant (Table 4).

Secondary outcomes: At the end of the follow-up period,
the median NT-proBNP level was 150 pg/ml. In the perindopril
group, the median level was 151 pg/ml and in the control group,
it was 149 pg/ml. When the two groups were compared, the
NT-proBNP levels were not found to be significantly different (p
= 0.688 for the comparison of the median values). NT-proBNP
levels did not change significantly with perindopril.

At the end of the follow-up period, 57 (65%) patients were in
NYHA functional class 2, whereas 31 (35%) were in NYHA class
3. When we compared the two groups, no statistically significant
difference was found in terms of the functional capacity at the
end of the study (p =0.184). When we analysed the two groups to
determine the change in functional capacity during the follow-up
period, no meaningful changes in NYHA functional class were
found in either group (Table 5).

Discussion

HFpEF is a clinical syndrome that is becoming more frequently

Table 4. Comparison of the change in echocardiographic parameters

during the 11-month follow-up period between the two groups

Perindopril Control group

Variable group (n=37) (n=51) p-value
Change in LA diameter (mm) 02%2.0 -0.1+£1.9 0.449
Change in LAVI (ml/m?) 0.74 +2.77 0.55+3.14 0.764
Change in M-mode EF (%) -0.816.7 -0.5£6.9 0.864
Change in E/A ratio 0.03+0.26 0.03+£0.20  0.977
Change in E’ (sep) velocity (cm/s) 0.35+0.90 0.14+0.83  0.253
Change in E’ (lat) velocity (cm/s) 0.48 £0.87 0.55+0.92  0.737
Change in A’ (sep) velocity (cm/s) 0.61 +2.04 -0.28+£1.95  0.040
Change in A’ (lat) velocity (cm/s) 0.21+2.47 0.16+2.04 0.921
Change in E’ (mean) velocity (cm/s) 0.42+0.69 0.35+£0.66 0.634
Change in A” (mean) velocity (cm/s) 042+ 1.54 -0.05£1.65 0.171
Change in E'/A’ (mean) ratio 0.01+0.11 0.03+0.13  0.394
Change in E/E’ (mean) ratio -0.2+£25 04+2.0 0.259
Change in Sm (lat) velocity (cm/s) 0.84 £1.26 0.85+1.43  0.995
Change in Sm (sep) velocity (cm/s) 0.99+1.73 0.36+1.28  0.054
Change in Sm (mean) velocity (cm/s) 090+1.12 0.60+1.07 0.210
Change in IVRT, according to DD
grade (msn)

Grade 1 -18+18 -14+18 0.373

Grade 2 -2+£20 -3+19 0.873
Change in DT, according to DD
grade (msn)

Grade 1 —15+28 -12+21 0.660

Grade 2 -8+42 -10+32 0295
The change in the parameters was calculated as the value at 11 months — value
at 0 months. Because the meaning of the change in DT and IVRT was different
in diastolic dysfunction grades 1 and 2, the comparisons between DT and IVRT
values were stratified according to the diastolic dysfunction grade.

seen as the population ages worldwide. More strikingly, its
mortality rate has not changed for decades while the mortality
rate of systolic HF has declined significantly.? DD is an
important component of HFpEF. Some small studies have
reported improvements in DD with some drugs such as CCBs,
aldosterone receptor blockers, ACEIs and ARBs in this patient
population.'*'” However, no previous study assessed the effect of
perindopril on diastolic and systolic function in HFpEF patients.

In this study, we found that perindopril treatment increased
tissue Doppler septal late diastolic velocity and slightly increased
tissue Doppler septal systolic myocardial velocity in HFpEF
patients. It did not improve the E/E’ ratio and tissue Doppler
early diastolic velocity, which are markers of increased diastolic
pressure in this population. The other diastolic parameters
did not improve with perindopril treatment. In fact, only a
few studies have reported improvements in systolic or diastolic
echocardiographic parameters in HFpEF patients. One of these
studies is the Hong Kong Diastolic Heart Failure study, which
reported improvements in E” and Sm velocities with ramipril
and irbesartan."” It is well known that both E” and Sm velocities

Table 5. Change in NYHA functional class of the patients in the two

groups of the study at the end of the11-month follow-up period

NYHA class, 11 months

NYHA class, 0 months Class 2 Class 3 p-value
Group 1

Class 2 25

Class 3 2 0687
Group 2

Class 2 28

Class 3 2 16 0453
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are reduced in HFpEF patients, although EF is within normal
limits.”"* Therefore, the systolic function cannot be considered
normal in these patients.

The loss of longitudinal function may be compensated for by
increased radial motion, which may preserve the EF in HFpEF
patients; an effect that is also seen in diabetic patients.”? The Sm
velocity was shown to be a prognostic marker in patients with
systemic hypertension and left ventricular hypertrophy, as well
as patients with dilated cardiomyopathy.>** The improvement
in septal tissue Doppler myocardial systolic velocity may be
an important finding of the present study, although it did not
translate into an improvement in EF, likely due to the short
duration of follow up. An improvement in EF also may be
noticed in the long term.

To the best of our knowledge, this study is the first to show
that perindopril treatment improved tissue Doppler systolic
function in HFpEF patients. Improvement in systolic function
may be related to several mechanisms, including reduction in
myocardial fibrosis, left ventricular mass, ischaemia or afterload.

The improvement in tissue Doppler septal late diastolic
velocity may also be another important finding of this study.
Since this velocity represents LA systolic function in HFpEF
patients, perindopril treatment also improved the left atrial
function in these patients. This velocity is not the only way to
assess left atrial function, but it is a practical way to show the
contractile function of the left atrium.® Left atrial dysfunction
was associated with exercise intolerance in HFpEF patients,’
so improving this function may decrease exercise dyspnoea,
which is an important symptom in these patients. We could not
demonstrate symptomatic improvement in our patient group.

Future studies should investigate whether this improvement
in left atrial systolic function is also seen during exercise in these
patients. It may be more crucial to improve exercise left atrial
function since the symptoms are generally exacerbated with
exercise. A longer duration of follow up may also show some
benefit on symptoms.

The median serum NT-proBNP level of the patients recruited
to the present study was 135 pg/ml. This value may be considered
low for an HFpEF diagnosis. In reality, there are not clearly
defined cut-off values for the diagnosis of this syndrome. In the
consensus document of the European Society of Cardiology
(ESC) regarding HFpEF published in 2007, natriuretic peptides
(NPs) were offered to aid the diagnosis when the E/E’ ratio
was between eight and 15.* According to this document, an
NT-proBNP value > 220 pg/ml supports the diagnosis of
HFpEF, but NT-proBNP < 120 pg/ml makes the diagnosis
unlikely. In the new 2016 ESC guidelines for heart failure, it
is stated that an NT-proBNP value > 125 pg/ml supports the
diagnosis of HFpEF.!

Other studies have also investigated NP levels in DHF
patients. In one of those articles, in patients presenting to the
out-patient clinic (similar to our study), if the patient’s volume
status was stable or optivolaemic, NP levels in HFpEF patients
may be much lower.”” A different study that enrolled 159 HFpEF
patients reported that 29% of the patients had normal BNP
values (< 100 pg/ml). These patients were symptomatic and had
elevated pulmonary capillary wedge pressures.® The authors
found that patients with normal BNP levels were younger, were
more often female, were mostly obese and had higher BMIs.
They concluded that a normal BNP level did not exclude an

out-patient diagnosis of HFpEF. Obesity is known to reduce
serum NT-proBNP levels, and this trend should be kept in mind
when considering a diagnosis of HFpEF. NP levels decline
linearly with increasing BMI, and low NP cut-off values should
be used for the diagnosis of HFpEF when BMI is increased.”*

In our study, the average BMI of the patients was 33 kg/
m?, which might have reduced the NT-proBNP levels. On the
other hand, some drugs, such as diuretics and beta-blockers® are
known to diminish serum NT-proBNP levels.

At the baseline of the present study, 54% of the patients
were on diuretic drugs and 35% used beta-blockers. Therefore,
concomitant drug use may be an additional factor that decreased
baseline NT-proBNP levels. Nevertheless, we believe that the
patients we recruited for this study had HFpEF. Framingham
criteria were used to diagnose HF, and all patients were required
to have evidence of DD on echocardiography, which is an
important component of this disease. Another supporting fact
not reported in the results section was that 24% of the patients in
this study were hospitalised or presented to the emergency room
because of HF decompensation during the follow-up period.
These data, which are close to the number of hospitalisations
characteristic to this population, provide another clue that our
patients truly had HFpEF.»

Study limitations

There are many limitations of our study that are worth
addressing. First of all, many patients discontinued the study
drug or withdrew from the study. Seventeen patients, accounting
for 16% of the total study population (20 patients, when three
patients who died are also included), were excluded from the
study after randomisation due to different reasons. This number
may be large for this type of small-size study. The follow-up
period may also have been too short to accurately investigate the
outcomes associated with the study drug. Over a longer period,
the study drug might have shown more pronounced benefits in
HFpEF patients. LA systolic function was assessed by tissue
Doppler annular late diastolic velocities. This method provides
a rapid way to assess LA systolic function, but it might be
more accurately assessed by LA systolic strain or LA emptying
fraction methods.

Conclusion

Tissue Doppler septal late diastolic velocity and septal systolic
myocardial velocity were increased in the perindopril group.
NT-proBNP level and NYHA functional status were not
changed in this study population.
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Plasma phospholipid fatty acid patterns are associated
with adiposity and the metabolic syndrome in black
South Africans: a cross-sectional study

Alice Achieng Ojwang, Herculina Salome Kruger, Manja Zec, Cristian Ricci, Marlien Pieters, lolanthé
Marike Kruger, Edelweiss Wentzel-Viljoen, Cornelius Mattheus Smuts

Abstract

Background: Diets rich in n-6 polyunsaturated fatty acids
(PUFAs) and saturated fatty acids (SFA) have been associated
with increased risk of obesity and the metabolic syndrome
(MetS), but the evidence is inconsistent, whereas diets high
in n-3 long-chain (LC)-PUFAs are associated with lower risk.
There is limited information about the association of plasma
phospholipid fatty acids (FAs) with obesity and the MetS
among black South Africans.

Objective: To investigate the association of dietary FAs and
plasma phospholipid FA patterns, respectively, with measures
of adiposity (body mass index, waist circumference, waist-to-
height ratio) and the MetS in black South Africans.

Methods: Factor analysis was used to identify FA patterns
from 11 dietary FAs and 26 individual plasma phospholipid
FAs. Cross-sectional association of the identified patterns with
measures of adiposity and the MetS was investigated. A
random sample of 711 black South African adults aged 30 to 70
years (273 men, 438 women) from the North West Province was
selected from the South African leg of the Prospective Urban
and Rural Epidemiology (PURE) study. Sequential regression
models adjusted for confounders were applied to investigate the
association between dietary FAs and plasma phospholipid FA
patterns with measures of adiposity and the MetS.

Results: Two patterns were derived from dietary FAs and six
patterns from plasma phospholipid FAs that explained the
cumulative variance of 89 and 73%, respectively. The associa-
tion of FA patterns with adiposity and the MetS was weaker for
dietary FA patterns than for plasma phospholipid FA patterns.
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The plasma phospholipid FA pattern with high loadings of
saturated FAs (high-Satfat) and another with high loadings of
n-3 very-long-chain PUFAs (n-3 VLC-PUFAs) were positive-
ly associated with measures of adiposity and the MetS, while
patterns with positive loadings of LC mono-unsaturated fatty
acids (n-9 LC-MUFA) and a positive loading of n-3 essential
FAs (n-3 EFA) showed inverse associations with the MetS
and some measures of adiposity.

Conclusions: The n-9 LC-MUFA and n-3 EFA patterns
seemed to provide possible protective associations with
adiposity and the MetS, whereas the high-Satfat and n-3
VLC-PUFA patterns were associated with adiposity and
the MetS in our study participants. The results are reflective
of the metabolic difference between overweight and obese
compared to lean individuals.
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patterns, adiposity, metabolic syndrome, waist:height ratio
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South Africa is currently experiencing rapid nutritional,
economic, demographic and epidemiological transitions with
likely consequences for lifestyle and health.! The prevalence of
overweight and obesity in South Africa in 2012 was 31% in men
and 64% for women.?> This increased in 2016 to 68% in women
but remained the same for men.* Abdominal obesity among
black South African women is particularly associated with
elevated blood pressure (BP), lower high-density lipoprotein
cholesterol, higher serum triglycerides, and elevated fasting
plasma glucose, indicative of insulin resistance.* Unhealthy diet
is a major risk factor associated with the rising prevalence of
obesity and the metabolic syndrome (MetS).**

Fat intake among the black urban population of South
Africa has increased from 16.4 to 26.2% of total energy over the
past 50 years.” The transition from more traditional to Western
diets, characterised by an increase in n-6 polyunsaturated fatty
acids (PUFA), saturated fatty acids (SFA), industrial trans fatty
acids (FAs),* as well as a decrease in n-3 PUFA intake, is also
prevalent in this population.” Diets high in percentage energy
from animal protein and total fat intake may increase the risk
of non-communicable diseases in rural and urban black South
Africans, and this may be related to meat intake, which is a
major source of both MUFAs and SFAs in South Africans."
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By contrast with this, however, a study that investigated dietary
intake of carbohydrate and SFAs in 18 countries undergoing
rapid nutritional transition documented that SFA intake was
associated with lower risk of mortality.”

Studies investigating circulating FAs have also reported some
conflicting results. A recent study examined the relationship
between body mass index (BMI) and plasma phospholipid FA
composition in men aged between 48 and 65 years and reported
higher plasma phospholipid levels of palmitic (C16:0) and
stearic acid (C18:0) in obese individuals.”® Furthermore, plasma
concentrations of C16:0 were positively associated with risk for
total mortality in men and women in a prospective study in the
USA." SFAs, myristic acid (C14:0), C16:0 and C18:0 in plasma
were positively associated with the MetS, while longer-chain
SFAs, and arachidic (C20:0), behenic (C22:0) and lignoceric
acid (C24:0) were inversely associated in men and women
from Taiwan.” Another study also reported lower levels of
plasma C22:0 and C24:0 in the MetS participants.' Palmitoleic
acid (C16:1n-7) level in plasma phospholipids was positively
associated with BMI in men and women,'*' and higher levels of
plasma C16:1n-7 were associated with multiple metabolic risk
factors in men and women.'s"

In different populations, total n-3 FAs in plasma were
associated with lower BMI, waist circumference (WC) and hip
circumference® and inversely associated with the MetS,* while
omega-6 PUFA have been associated with obesity and the MetS.
Pickens and associates reported higher plasma phospholipid
levels of dihomo-y-linolenic acid (C20:3n-6) in overweight and
obese individuals.” Positive associations of serum phospholipid
C20:3n-6 with BMI, as well as total n-6 PUFAs with waist:hip
ratio were also documented in a study of Mexican women."”
Some studies also report positive associations of specific plasma
phospholipids n-6 PUFAs with metabolic risk,'* while other
studies report inverse associations of total n-6 PUFAs in
erythrocytes and serum, respectively, with the MetS.»* Due to
inconsistent results in different studies relating to circulating n-6
PUFAs, further research to understand their role in association
with obesity and the MetS is highly recommended.”

Since people consume food rather than individual nutrients,
it is difficult to isolate the individual nutrients in the diet and
link them to disease and health.” Therefore, the analysis of
food intakes into patterns derived from various combinations
of nutrients or foods has developed as a preferred alternative
to investigating associations between nutrients and diseases.”
Several studies have applied factor and cluster analysis to derive
patterns from food and tissues in investigating the association of
these patterns with health and diseases.*

FA patterns from adipose tissue and plasma have been
employed to describe associations of FAs with obesity” and the
MetS.>* Despite the extensive use of plasma FAs in research,
there is limited epidemiological research on the use of both
dietary and circulating FA patterns in association with obesity
and the MetS in black populations in Africa. To address the
key gaps in the current knowledge, the aim of this study was to
investigate the associations of dietary and plasma phospholipid
FA patterns with adiposity measures [BMI, waist circumference
(WC) and waist-to-height ratio (WHtR)] and the MetS in a
selected group of black South African adults. This study was
based on a random sub-sample of 711 participants selected
from the South African site (North West Province) of the multi-

country Prospective Urban and Rural Epidemiological (PURE)
study. This study made use of cross-sectional data collected at
baseline during the months of August to November 2005.

Methods

A sub-sample of 711 black South African participants were
randomly selected from 2 010 adults recruited at baseline (in
2005) from urban (1 004) and rural (1 006) households in the
North West Province to assess dietary FA intake and plasma
phospholipid FA status. Those included were apparently healthy
subjects older than 30 years at baseline, with no reported diseases
of lifestyle, tuberculosis or HIV, and used chronic medication for
diabetes and hypertension only.

Ethical approval for the South African PURE study was
obtained from the Ethics Committee of North-West University
(Ethics number 04M10). Participants provided written informed
consent and participation was voluntarily.

Transportation was provided for the study subjects to reach
the data-collection centres in both rural and urban areas.
During face-to-face interviews by trained fieldworkers, each
participant completed questionnaires in his or her preferred
language (Afrikaans, Setswana or English). The questionnaires
included demographic,” physical activity®? and quantitative
food-frequency questions (QFFQ),** and made use of, among
others, validated food photo-books to estimate portion sizes.*
Reproducibility® and details of dietary assessments have been
published elsewhere."

Dietary macronutrients and FAs were calculated using the
South African Medical Research Council food composition
tables.* Twenty-eight dietary FAs were included initially, but
FAs that had a daily median intake of less than 0.10 mg were
excluded. A total of 11 dietary FAs were used to derive FA
patterns for investigation in this study.

Anthropometric measurements were performed by
trained research assistants according to standards prescribed
by the International Society for the Advancement of
Kinanthropometry.”” A portable electronic scale (Precision
Health Scale, A&D Company, Tokyo, Japan) was used to measure
weight. Height was measured using a calibrated stadiometer
(Seca, Hamburg, Germany). Waist and hip circumferences were
recorded using steel tapes (Lufkin, Apex, NC, USA). BMI and
WHItR were calculated using weight (kg)/height (m*) and waist
(cm)/height (cm) formulas, respectively. Blood pressure (mmHg)
was measured in duplicate (five minutes apart) on the right upper
arm. Appropriately sized cuffs were used for obese subjects.

Fasting blood samples were collected from the antecubital
vein with a sterile winged infusion set with minimal stasis. The
samples were collected and plasma and serum were prepared and
aliquoted by a registered nurse and then stored at —80°C in the
urban areas. In rural areas, the samples were stored at —18°C for
up to five days, where after it was transported to the laboratory
facility and stored at —80°C until analysed.

Fasting plasma glucose concentration was determined by
the hexokinase method using the Synchron® system (Beckman
Coulter Co, Fullerton, CA, USA). The sequential multiple
analyser computer (SMAC) using the Konelab™ auto-analyser
(Thermo Fisher Scientific Oy, Vantaa, Finland) performed
quantitative determinations of high-density lipoprotein
cholesterol (HDL-C), triglycerides and total cholesterol (TC).
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Low-density lipoprotein cholesterol (LDL-C) was calculated
using the Friedewald equation.®

EDTA plasma samples were thawed and extracted with
chloroform:methanol (2:1 v/v) according to the modified
Folch method.” The plasma phospholipid FA fraction was
isolated by thin-layer chromatography from the extracted
lipids.® Subsequently, the phospholipid FA fraction was
transmethylated to FA methyl esters and analysed by quadrupole
gas chromatography electron ionisation mass spectrometry
by means of an Agilent Technologies 7890 A GC system, as
described by Baumgartner et al.®

Thirty-two FAs were measured in fasted plasma samples
from 711 participants. Six FAs, i.e. pentadecanoic acid (C15:0),
margaric acid (C17:0), trans vaccenic acid (C18:1n-7t), rumenic
acid (C18:2n-7tt), stearidonic acid (C18:4n-3) and eicosatrienoic
(C20:3n-3) were below the limit of quantification and therefore
not included. The remaining 26 plasma phospholipid FAs
were quantified and expressed as a percentage of total FAs.
Quality of data was assured with a separate calibration for each
FA, monitoring of internal standard (1,2-diheptadecanoyl-sn-
glycerol-3 phosphorylchloline, Matreya, Pennsylvania, USA)
and Levey Jennings graphs for a pooled plasma control analysed
with each batch.

The MetS was defined according to recommendations by the
Joint Interim Statement of six international associations as the
presence of three or more of the following: (1) fasting plasma
glucose levels > 5.6 mmol/l or the use of oral hypoglycaemic
medication; (2) serum triglycerides > 1.7 mmol/l; (3) serum HDL
< 1.0 mmol/l for men and < 1.3 mmol/l for women; (4) BP >
130/85 mmHg or the use of BP medication; and (5) WC of > 94
cm for men and > 80 cm for women.*

Statistical analysis

Continuous variables were described as medians and interquartile
ranges if data deviated from the normal distribution according
to the Kolmogorov—-Smirnov test, whereas categorical variables
were presented as percentages. Non-normally distributed data
were log transformed before inclusion in regression models.
Participants’ characteristics were compared by gender and BMI
categories using the Mann—Whitney U-test or chi-squared test
for continuous and categorical variables, respectively. Differences
between individual FAs and ratios by BMI and gender groups
were tested with the Mann-Whitney test. A BMI < 25 kg/m?
was considered as underweight and/or normal-weight or lean,
whereas BMI > 25 kg/m® was considered overweight and/or
obese. The effect size of the differences between groups was
calculated using the Man-Whitney U-value and sample size of
the groups.®

Principal-component-based varimax factor analysis of the
correlation matrix was used to define dietary FA (based on the
QFFQ) and plasma phospholipid FA patterns. The identification
and naming of 11 dietary FAs and 26 plasma phospholipid
FAs used in this study are based on relevant literature and the
levels of specific FAs observed in our population.* The number
of factors to retain was established by the Kaiser criterion
(eigenvalues > 1) and scree-plot visual inspection. Loadings
with absolute values > 0.5 were considered as relevant for the
contribution to each FA pattern. The associations between FA
patterns and outcomes were evaluated by sequential regression

models, logistic regression for the dichotomous outcome (MetS),
and generalised linear models for continuous outcomes (WC,
BMI and WHtR).

The first step of the sequential modelling analyses was
based on models that contained only dietary FAs or plasma
phospholipid FA patterns and was referred to as a crude
model. The crude model was then adjusted for gender and age
(adjusted model,). This model was further adjusted for lifestyle
confounders, including the level of education, physical activity,
alcohol and total energy intake, and self-reported smoking
status, creating a fully adjusted model. We further adjusted this
model for contraceptives (adjusted for in plasma phospholipid
FA pattern models only) and dietary factors, including total fats,
carbohydrates, dietary fibre and energy from added sugar as
individual confounders and as combined covariates.

Model fitting was evaluated using the adjusted R-square
for linear regression and maximum re-scaled R-square statistic

Table 1. Demographics, health and dietary intake data of

an apparently healthy cohort of 711 black South African adults
participating in the PURE study

Men (n=273) Women (n=438)

Variables Median (Q,, Q,)* Median (Q,, Q,)*  p-value
Demographics
Age (years) 52 (46, 60) 52 (45,59) 0.80
Education (educated), n (%) 155 (57.6) 263 (62.2) 0.22
Tobacco use (current
smoker), 1 (%) 163 (59.7) 205 (46.8) 0.0008
Alcohol (g/week) 6.4 (0, 24.9) 0(0,3.9) <0.0001
Physical activity index 2.8(2.5,3.1) 2.8(2.5,3.3) 0.71
Waist circumference (cm) 75.4(69.7, 82.4) 82.0(71.7,92.6)  <0.0001
Waist-to-height ratio 0.45(0.4,0.5) 0.52 (0.5, 0.6) <0.0001
Body mass index (kg/m?) 20.0 (18.1, 23.2) 26.0(21.8,31.9) <0.0001
Systolic blood pressure
(mmHg) 135 (121, 152) 132 (118, 150) 0.06
Diastolic blood pressure
(mmHg) 88 (78, 98) 88 (70, 97) 0.84
Fasting glucose (mmol/l) 4.8(4.3,54) 494.3,54) 0.53
Total cholesterol (mmol/l) 5.0(4.1,6.0) 5.1(4.4,6.2) 0.35
High-density lipoprotein
cholesterol (mmol/l) 1.54(1.2,2.1) 1.5(1.2,1.8) 0.04
Low-density lipoprotein
cholesterol (mmol/l) 3.1(2.3,4.0) 34(2.7,4.2) 0.06
Triglycerides (mmol/l) 1.0 (0.8, 1.5) 1.2(0.9, 1.8) 0.002
Dietary intake®
Total energy (kcal/day) 1874 (1377,2612) 1628 (1189, 2212) 0.001

Total carbohydrate (g/day)  285.4 (199, 378)  248.8 (180.6,325.1)  0.01

Total fibre (g/day) 14.8 (25, 30) 17.9(12.7,25.2) 0.004
Total protein (g/day) 55.0(38,75.7) 46.2(33.1,65.0)  <0.0001
Total fat (g/day) 45.3(28.5,63.7) 40.5(26.3, 64.4) 0.10
Total saturated fatty acids

10.5 (6.5, 15.7 9.5(5.6, 16.6 0.13
() (65,15.7) ( )
Total mono-unsaturated
fatty acids (g/day) 11.4(6.8,17.8) 10.4 (6.0, 18.3) 0.14
Total polyunsaturated fatty  13.6 (8.8, 19.6) 13.1 (7.5, 20.0) 0.47
acids (g/day)
Total n-3 polyunsaturated 0.4 (0.2, 0.6) 0.33(0.20, 0.5) 0.15
fatty acids (g/day)
Total n-6 polyunsaturated 13.3(8.8,19.2) 12.9 (7.3, 19.6) 0.55
fatty acids (g/day)

“Baseline demographic details of participants.

"Data are presented as median (interquartile range): Q,, lower interquartile
range; Q,, upper interquartile range.

“Significance levels of differences in parameters between men and women, based
on Mann-Whitney and chi-squared tests for continuous and categorical vari-

ables, respectively.
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for logistic regression. Linear regression results are presented
as standardised B and 95% confidence intervals (CI) with their
significance levels, and odds ratio and 95% CI with significance
levels for logistic regression. All analyses were performed using
SAS Version 9.4 (SAS Institute, Cary, NC, USA)* and p < 0.05

was considered significant.

Results

The baseline characteristics of the 711 participants are shown
in Table 1. The majority were women (61.6%) and the median
age was comparable between men and women. Men had higher

had higher total dietary fibre intake.
Table 2 shows that total intakes of fat, SFAs and MUFAs
were significantly higher in overweight/obese women compared
to lean women. Plasma phospholipid FAs within SFA, MUFA

Table 2. Dietary intake of fats, individual fatty acids and plasma phospholipid fatty acid profile
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HDL levels and were more likely to smoke. By contrast, the
women had higher serum triglycerides, as well as higher levels
of measures of adiposity (p < 0.0001). The dietary intake data
revealed that men had higher total energy, total carbohydrate
and total protein intakes, whereas the women, on the other hand,

and PUFA classes differed across BMI categories and gender.
In men, the plasma levels of SFAs, C18:0, C20:0, C22:0, C24:0
and n-6 PUFA C20:3n-6 were significantly higher in overweight

by BMI categories and gender in 711 black South African adults

and women based on Mann—Whitney tests.

“BMI, body mass index; PUFA, polyunsaturated fatty acids.
*Median (Q,, Q,) = differences between FAs across BMI and gender were tested by independent #-test according to BMI < 25 and BMI > 25 kg/m?. Data are presented as
median; Q,: lower interquartile range, Q, upper interquartile range.

‘Plasma phospholipid fatty acids (% total FAs) = fatty acids are expressed as a percentage (%) of total FA. Significance levels of differences in parameters between men

Men (n=273) Women (n=438)
BMI* < 25 kgln?® BMI 225 kglm? BMI <25 kgln? BMI 225 kgln?
(n=233) (n=40) Effect (n=191) (n=247) Effect
Variables Median (Q,, Q,)  p-value  size Median (Q,, Q.) Median (Q,, Q,)  p-value  size
Total energy, dietary fat intake
Total energy (kcal/day) 1856 (1374, 2599) 2052 (1370, 2681) 0.48 1579 (1139, 2188) 1651 (123, 2224.) 0.50
Total fat (g/day) 44.8(28.5,63.0)  46.8(31.5,66.9)  0.71 35.5(22.8,59.2)  44.9(27.9,68.0)  0.002
Total saturated fatty acids (g/day) 10.4 (6.5, 15.4) 12.4 (8.1, 16.3) 0.71 8.4(4.7,15.5) 10.8 (6.2, 17.1) 0.003
Total polyunsaturated fatty acids (g/day) 13.8 (8.8, 19.6) 12.8 (8.7, 18.7) 0.32 11.8 (7.0, 19.5) 13.5(8.2,20.9) 0.29
Total n-3 PUFAs (g/day) 0.4 (0.2,0.6) 0.34 (0.2, 0.6) 0.58 0.3(0.2,0.5) 0.4 (0.2,0.5) 0.09
Total n-6 PUFAs (g/day) 13.5(8.7, 19.1) 12.4(9.2,19.8) 0.39 12.1 (6.9, 18.9) 13.4(8.1,20.2) 0.27
n-6/n-3 ratio 33.1(24.4,152.4) 34.2(22.5,53.1) 0.84 37.3(27.57,49.73)  36.8 (26.1, 51.9) 0.76
Total mono-unsaturated fatty acids (g/day) 11.2 (6.8, 16.4) 13.4(7.2,19.7) 0.48 8.5(5.0, 16.4) 12.0 (6.4, 19.4) <0.0001
Plasma phospholipid fatty acids (% total FAs)*
Saturated fatty acids
Myristic acid (C14:0) 0.25(0.2,0.3) 0.25(0.2,0.3) 0.75 0.26 (0.2,0.3) 0.27(0.2,0.3) 0.21
Palmitic acid (C16:0) 27.6(25.2,29.5) 26.3 (24.6, 28.0) 0.002 037  26.7(24.8,29.2) 25.7(24.0, 27.6) 0.21
Stearic acid (C18:0) 14.0 (12.4,15.5) 15.1(14.4,16.2) <0.0001 0.31 14.8 (13.5,16.3) 15.5(14.3,17.0) 0.0004 0.38
Arachidic acid (C20:0) 0.27 (0.21, 0.34) 0.34(0.27,0.39) 0.02 033 0.30(0.25,0.37) 0.36(0.30,0.43)  <0.0001 0.35
Behenic acid (C22:0) 0.94 (0.66, 1.17) 1.22(0.97, 1.43) 0.0006  0.32 1.03(0.78, 1.35) 1.27(1.07,1.54)  <0.0001 0.35
Lignoceric acid (C24:0) 1.01(0.81,1.23)  1.13(0.91,1.36)  0.02 040  1.00(0.81,1.24)  1.07(0.9, 1.27) 0.03 045
Mono-unsaturated fatty acids
Palmitoleic acid (C16:1n-7) 0.88 (0.5, 1.6) 0.6 (0.4, 0.8) 0.0007 0.34 0.8 (0.5, 1.2) 0.6 (0.4, 0.8) 0.003  0.40
Cis-vaccenic acid (C18:1n-7) 1.46 (1.26, 1.69) 1.19 (1.01, 1.44) 0.002  0.30 1.41 (1.20, 1.65) 1.30(1.12, 1.5) 0.03 0.41
Oleic acid (C18:1n-9) 10.0 (7.6, 13.0) 7.5(6.2,9.3) 0.0002 030  82(7.0,11.3) 7.16(6.3,8.3)  <0.0001 0.35
Elaidic acid (C18:1n9t) 0.31(0.20, 0.56) 0.27(0.20, 0.5) 0.32 0.34(0.21, 0.81) 0.32(0.21, 0.61) 0.50
Gondoic acid (C20:1n-9) 0.11(0.09, 0.12) 0.10 (0.08, 0.11) 0.04 0.36 0.11(0.09, 0.12) 0.10 (0.09, 0.12) 0.02 0.42
Erucic acid (C22:1n-9) 0.06 (0.04, 0.08) 0.07 (0.04, 0.09) 0.29 0.06 (0.05, 0.09) 0.07 (0.05, 0.09) 0.50
Nervonic acid (C24:1n-9) 1.66 (1.44, 1.95) 1.61 (1.35,1.95) 0.75 1.69 (1.42,2.02) 1.88 (1.55,2.21) 0.005 0.41
n-3 polyunsaturated fatty acids
a-linolenic acid (c18:3n-3) 0.09(0.07,0.12)  0.08(0.05,0.10)  0.18 0.08 (0.06, 0.1) 0.1(0.05, 0.1) 0.77
Eicosapentaenoic acid (C20:5n-3) 0.6 (0.5, 0.9) 0.6 (0.5, 0.9) 0.32 0.6 (0.4, 0.9) 0.6 (0.4, 0.8) 0.92
Docosapentaenoic acid (C22:5n-3) 0.5(0.4,0.7) 0.6 (0.4, 0.8) 0.51 0.6 (0.5, 1.0) 0.5 (0.4, 0.8) 0.92
Docosahexaenoic acid (C22:6n-3) 3.8(3.0,4.8) 4.29 (3.2, 5.6) 0.09 4.4 (3.5,5.5) 5.0 (4.05,5.8) 0.0008  0.39
n-6 and n-9 polyunsaturated fatty acids
Linoleic acid (C18:2n-6) 16.1 (13.6, 18.5) 16.4 (14.1, 18.6) 0.71 15.9(12.8, 18.4) 16.0 (13.8, 18.7) 0.50
ylinolenic acid (C18:3n-6) 0.13(0.1,0.2) 0.10(0.07,0.14)  0.04  0.39 0.1(0.1,0.2) 0.10 (0.07,0.13)  0.07
Eicosadienoic acid (C20:2n-6) 0.34(0.29, 0.39) 0.35(0.29, 0.4) 0.71 0.36 (0.31, 0.42) 0.38 (0.33, 0.44) 0.07
Dihomo-y-linolenic acid (C20:3n-6) 2.7(24,3.3) 3.1(2.7,3.9) 0.006  0.32 2.8(24,3.2) 3.1(2.72,3.61)  <0.0001 0.35
Arachidonic (C20:4n-6) 12.9(11.5,14.3) 14.1 (12.6, 15.7) 0.08 13.5(12.0, 15.0) 14.2(12.7, 15.6) 0.007  0.44
Docosadienoic acid (C22:2-n6) 0.018 (0.013, 0.023) 0.018 (0.014,0.022)  0.75 0.02 (0.014, 0.027) 0.025(0.018, 0.032) <0.0001  0.37
Adrenic acid (C22:4n-6) 0.6 (0.5, 0.7) 0.6 (0.5,0.7) 0.51 0.6 (0.5, 0.7) 0.6 (0.5,0.7) 0.29
Osbond acid (C22:5n-6) 1.4(1.2,1.6) 14(1.1,1.7) 0.71 1.4(1.2,1.6) 1.4(1.1, 1.6) 0.15
Mead acid (C20:3n-9) 0.3(0.2,0.4) 0.2(0.1,0.3) 0.09 0.2(0.1,0.3) 0.17 (0.1, 0.3) 0.0003  0.41
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men than in lean men, whereas C16:0, C18:3n-6 and MUFAs, Plasma levels of similar SFAs, i.e. C18:0, C20:0, C22:0 and
C16:1n-7, cis-vaccenic acid (C18:1n-7), oleic acid (C18:1n-9) and ~ C24:0, as well as nervonic acid (C24:1n-9), docosahexaenoic
gondoic acid (C20:1n-9) were higher in lean than in overweight  acid (C22:6n-3), C20:3n-6, arachidonic acid (C20:4n-6) and
men. Although significant differences were observed for these  docosadienoic acid (C22:2-n6) were higher in overweight women
FAs between overweight and lean groups in men, most had a  than in their lean counterparts. Similar MUFAs, i.e. C16:1n-7,
small effect size of approximately 0.30 to 0.40. C18:1n-7, C18:1n-9 and C20:1n-9, but also mead acid, were

Table 3. Factor loadings for dietary and plasma phospholipid fatty acids

Dietary fatty acid patterns*

Non-marine Marine

Dietary fatty acids (A,=60%)° (A,=29%)
Saturated fatty acids

Myristic acid (C14:0) 0.78 0.10

Palmitic acid (C16:0) 0.97 0.22

Stearic acid (C18:0) 0.94 0.21

Behenic acid (C22:0) 0.67 0.29
Mono-unsaturated fatty acids

Palmitoleic acid (C16:1n-7) 0.89 0.28

Oleic acid (C18:1n-9) 0.95 0.23
n-3 fatty acids

a-Linolenic acid (C18:3n-3) 0.89 0.22

Eicosapentaenoic acid (C20:5n-3) 0.21 0.96

Docosahexaenoic acid (C22:6n-3) 0.23 0.96
n-6 fatty acids

Linoleic acid (C18:2n-6) 0.80 0.31

Arachidonic acid (C20:4n-6) 0.70 0.48

The Kaiser’s measure of sampling adequacy = 0.0.84

Plasma phospholipid fatty acid patterns®

High-Satfat n-3 VLC-PUFA High-LA n-6 VLC-PUFA n-9 LC-MUFA n-3 EFA
Plasma phospholipid fatty acids (A =24%) (A2=11%) (A3=11%) (M =10%) (AS=10%) (A6 =7%)
Saturated fatty acids
Myristic acid (C14:0) -0.13 -0.28 —-0.06 —-0.06 —-0.56 0.01
Palmitic acid (C16:0) -0.10 -0.54 -0.47 -0.40 -0.34 -0.05
Stearic acid (C18:0) 0.80 -0.21 —-0.04 0.08 —-0.04 -0.16
Arachidic acid (C20:0) 0.86 -0.08 0.01 -0.04 0.36 -0.08
Behenic acid (C22:0) 0.92 -0.03 0.06 -0.07 0.24 -0.07
Lignoceric acid (C24:0) 0.81 -0.19 -0.01 -0.06 0.34 0.10
Mono-unsaturated fatty acids
Palmitoleic acid (C16:1n-7) -0.84 -0.13 -0.25 0.08 -0.12 0.23
Cis-vaccenic acid (C18:1n-7) -0.73 0.10 0.16 0.08 0.40 -0.20
Oleic acid (C18:1n-9) -0.82 -0.15 -0.26 0.11 -0.01 0.35
Elaidic acid (C18:1n9t) 0.44 -0.58 -0.25 -0.04 0.09 -0.02
Gondoic acid (C20:1n-9) -0.17 -0.07 0.52 —-0.05 0.54 —-0.13
Erucic acid (C22:1n-9) 0.35 -0.01 0.05 0.22 0.42 -0.05
Nervonic acid (C24:1n-9) 0.16 0.09 0.07 -0.01 0.85 -0.04
n-3 fatty acids
o-linolenic acid (C18:3n-3) -0.23 0.02 0.28 -0.15 -0.09 0.71
Eicosapentaenoic acid (C20:5n-3) -0.37 0.57 -0.25 -0.32 -0.01 0.42
Docosapentaenoic acid (C22:5n-3) -0.08 0.71 -0.01 0.12 0.15 0.27
Docosahexaenoic acid (C22:6n-3) 0.05 0.79 0.25 -0.08 0.08 -0.24
n-6 and n-9 fatty acids
Linoleic acid (C18:2n-6) 0.08 0.31 0.80 -0.10 0.05 0.16
Y-linolenic acid (C18:3n-6) —-0.41 —-0.08 -0.17 0.27 -0.37 0.49
Eicosadienoic acid (C20:2n-6) 0.09 0.06 0.82 0.30 0.15 0.13
Dihomo-y-linolenic acid (C20:3n-6) 0.00 0.29 0.14 0.65 -0.06 0.30
Arachidonic acid (C20:4n-6) 0.04 0.66 0.12 0.42 0.24 -0.31
Docosadienoic acid (C22:2-n6) 0.44 0.08 0.47 -0.06 0.45 -0.24
Adrenic acid (C22:4n-6) -0.13 0.02 0.03 0.83 0.08 0.01
Osbond acid (C22:5n-6) -0.12 -0.04 -0.09 0.82 0.01 -0.32
Mead acid (C20:3n-9) -0.58 -0.15 -0.53 0.32 0.05 0.28

The Kaiser’s measure of sampling adequacy = 0.78

*Fatty acid patterns derived from dietary fatty acids. *Variance explained by the single factor. <Fatty acid patterns derived from plasma phospholipids.
High-Satfat, saturated fatty acid pattern; n-3 VLC-PUFA, n-3 very-long-chain polyunsaturated fatty acid pattern; high-LA, high linoleic acid pattern; n-6 VLC-PUFA,
n-6 very-long-chain polyunsaturated fatty acid pattern; n-9 LC-MUFA, n-9 long-chain mono-unsaturated fatty acid pattern; n-3 EFA, n-3 essential fatty acid pattern.
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Table 4. Associations of dietary fatty acid patterns with adiposity and the MetS in 711 black South African adults in regression models

Linear regression models Logistic regression models
Body mass index Waist circumference Waist:height ratio Metabolic syndrome
B (95% CI)* p-value B (95% CI) p-value B (95% CI) p-value OR (95% CI)® p-value

Crude model*

Non-marine 0.05 (-0.02, 0.13) 0.15 0.07 (-0.004, 0.14) 0.07 0.06 (-0.02, 0.13) 0.14 1.13(0.96, 1.32) 0.14

Marine -0.015 (-0.09, 0.06) 0.69 0.007 (-0.07, 0.08) 0.85 0.004 (-0.07, 0.08) 0.92 0.99 (0.84, 1.16) 0.88

R (%) 0.03 0.02 0.03 0.43
Adjusted model ¢

Non-marine 0.04 (-0.02, 0.11) 0.20 0.06 (-0.01, 0.13) 0.09 0.04 (-0.02, 0.11) 0.19 1.12(0.95, 1.33) 0.19

Marine -0.02 (-0.09, 0.05) 0.55 0.004 (-0.07, 0.08) 0.91 -0.0015 (-0.07, 0.07) 0.97 0.98 (0.82, 1.16) 0.78

R (%) 20.48 6.35 17.25 17.69
Fully adjusted model®

Non-marine 0.04 (-0.02, 0.11) 0.21 0.06 (-0.01, 0.13) 0.09 0.04 (-0.03, 0.11) 0.25 1.15(0.96, 1.38) 0.12

Marine -0.02 (-0.10, 0.04) 0.47 0.002 (-0.07, 0.07) 0.96 -0.005 (-0.07, 0.06) 0.88 0.94(0.78, 1.14) 0.53

R () 26.68 13.34 22.72 20.39
*Standardised betas and standardised 95% confidence intervals (CI). "OR, odds ratio and 95% CI. <Crude model; consisted of plasma phospholipid fatty acid patterns
only. ‘Adjusted model, ; crude model and additionally adjusted for age and gender. Fully adjusted model; adjusted model,, additionally adjusted for lifestyle confound-
ers (physical activity, self-reported smoking, total dietary energy and alcohol intake (Kcal) and level of education).

Table 5. Associations of plasma phospholipid fatty acid patterns with adiposity and the MetS in 711 black South African adults in regression models

Linear regression models Logistic regression models
Body mass index Waist circumference Waist: height ratio Metabolic syndrome
B (95% CI)* p-value B (95% CI) p-value B (95% CI) p-value Exponent of B (95% CI) p-value
Crude model
High-Satfat 0.37(0.31, 0.44) <0.0001  0.28 (0.21, 0.35) <0.0001  0.31(0.24,0.38) <0.0001 1.62 (1.34, 1.96) <0.0001
n-3 VLC-PUFA 0.21 (0.15,0.28) <0.0001  0.22(0.15,0.28) <0.0001  0.22(0.15,0.28.) <0.0001 1.76 (1.44, 2.15) <0.0001
High-LA 0.04 (-0.02,0.11) 0.20. -0.05 (-0.12, 0.02) 0.16 -0.04 (-0.10, 0.03) 0.29 1.09 (0.92, 1.30) 0.33
n-6 VLC-PUFA 0.05 (-0.0, 0.12) 0.13 0.06 (-0.005, 0.13) 0.07 0.07 (0.001, 0.14) 0.045 1.28 (1.08, 1.53) 0.006
n-9 LC-MUFA -0.05(-0.11, 0.02) 0.17 -0.10 (-0.16, -0.03) 0.007  -0.09 (-0.16, -0.02) 0.009 0.63 (0.52, 0.75) <0.0001
n-3 EFA —0.12 (-0.18, -0.05) 0.0007  -0.06 (-0.13, 0.006) 0.07 -0.09 (-0.16,-0.02) 0.009 0.81 (0.68, 0.96) 0.02
R (%) 19.72 13.87 15.62 18.30
Adjusted model ¢
High-Satfat 0.29 (0.22, 0.35) <0.0001  0.25(0.18,0.32) <0.0001  0.23(0.16, 0.30) <0.0001 1.44 (1.17,1.76) 0.0004
n-3 VLC-PUFA 0.18(0.12,0.24) <0.0001  0.20(0.13, 0.27) <0.0001  0.18(0.12,0.24) <0.0001 1.70 (1.37, 2.10) <0.0001
High-LA 0.03 (-0.04, 0.09) 0.43 -0.04 (-0.11, 0.03) 0.26 -0.04 (-0.11, 0.02) 0.21 1.10 (0.89, 1.30) 0.43
n-6 VLC-PUFA 0.029 (-0.03, 0.09) 0.36 0.05 (-0.016, 0.12) 0.13 0.05(-0.02, 0.11) 0.16 1.26 (1.04, 1.51) 0.02
n-9 LC-MUFA -0.04 (-0.10, 0.02) 0.20 ~0.10 (-0.16, -0.03) 0.005  -0.09 (-0.15,-0.02) 0.007 0.61 (0.5, 0.73) <0.0001
n-3 EFA —0.06 (-0.13, 0.001) 0.05. —0.060 (-0.13, 0.010) 0.09 —0.05 (-0.12, 0.011) 0.10 0.84(0.69, 1.01) 0.07
R (%) 30.78 16.73 25.76 29.74
Fully adjusted model*
High-Satfat 0.27(0.20, 0.34) <0.0001  0.22(0.15, 0.30) <0.0001  0.20(0.13,0.27) <0.0001 1.54 (1.21, 1.95) 0.0004
n-3 VLC-PUFA 0.14 (0.08, 0.20) <0.0001  0.16 (0.087, 0.23) <0.0001  0.15(0.08, 0.21) <0.0001 1.72 (1.38, 2.16) <0.0001
High-LA -0.004 (-0.070, 0.06) 0.90 -0.06 (-0.13, 0.01) 0.11 -0.06 (-0.13, 0.01) 0.07 1.14(0.93, 1.4) 0.22
n-6 VLC-PUFA 0.029 (-0.04, 0.09) 0.37 0.05 (-0.02, 0.12) 0.14 0.05 (-0.02, 0.11) 0.15 1.25(1.02, 1.54) 0.03
n-9 LC-MUFA 0.002 (-0.06, 0.07) 0.957  -0.06 (-0.13, 0.02) 0.13 -0.05(-0.11, 0.02) 0.17 0.61 (0.50, 0.75) <0.0001
n-3 EFA —0.06 (-0.13, 0.005) 0.07 —-0.06 (-0.13, 0.014) 0.12 —0.05 (-0.12, 0.02) 0.17 0.81 (0.66, 0.99) 0.04
R (%) 33.69 20.38 28.38 31.09
*Standardised betas and standardised 95% confidence intervals (CI). *Crude model; consisted of plasma phospholipid fatty acid patterns only. ‘Adjusted model ; crude
model and additionally adjusted for age and gender. ‘Adjusted model,; adjusted model,, additionally adjusted for lifestyle confounders (physical activity, self-reported
smoking, total dietary energy and alcohol intake (KJ) and level of education). Fully adjusted model; adjusted model,, additionally adjusted for contraceptive use.
High-Satfat, saturated fatty acid pattern; n-3 VLC-PUFA, n-3 very-long-chain polyunsaturated fatty acid pattern; high-LA, high linoleic acid pattern; n-6 VLC-PUFA,
n-6 very-long-chain polyunsaturated fatty acid pattern; n-9 LC-MUFA, long-chain mono-unsaturated fatty acid pattern; n-3 EFA, n-3 essential fatty acid pattern.

higher in lean than in overweight women. In women, small effect
sizes (~ 0.35-0.44) were found for most FAs, except for C24:0,
which had a medium effect size of 0.45.

The factor analysis identified two dietary FA and six plasma
phospholipid FA patterns according to the Kaiser criterion and
scree-plot visual inspection. Results are shown in Table 3. Eleven
dietary FAs and 26 phospholipid FAs were entered into the
analysis. The factors generated explained 89% of the cumulative
variance in dietary FA patterns and 73% in plasma phospholipid

FA patterns. The Kaiser’s measure of sampling adequacy was
0.84 and 0.78 for the dietary FA and plasma phospholipid FA
patterns, respectively. Loadings with absolute values higher than
0.5 were considered relevant for the contribution to each FA
pattern. The patterns are characterised and named according to
the highest loadings of the specific FAs present in a given pattern.

Among dietary FAs, the first extracted pattern presented with
high positive loadings of saturated FAs, MUFAs, o-linolenic
acid (C18:3n-3) and n-6 FAs, and therefore was named the
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‘non-marine’ FA pattern. The second pattern was named the
‘marine’ FA pattern because it was characterised by high positive
loadings of eicosapentaenoic acid (C20:5n-3) and C22:6n-3.

The six plasma phospholipid FA patterns are discussed in
the order in which they were derived. The first pattern presented
with positive loadings of LC-SFAs, C18:0, C20:0, C22:0 and
C24:0 and very high negative loadings of C16:1n-7, C18:1n-7
and C18:1n-9; we named it the ‘high-Satfat’ pattern. The second
pattern was named ‘n-3 VLC-PUFA’ and presented with high
positive loadings of docosapentaenoic acid (C22:5n-3), C22:6n-3
and C20:5n-3, as well as C20:4n-6. The third pattern presented
the highest positive loadings of C18:2n-6 and eicosadienoic
acid (C20:2n-6) and was named accordingly as the ‘high-LA’
pattern. The fourth pattern was named ‘n-6 VLC-PUFA’ since
it was characterised with high positive loadings of adrenic acid
(C22:4n-6), C22:2-n6 and C20:3n-6. The fifth pattern extracted
was named the ‘n-9 LC-MUFA’ pattern and presented with
positive loadings of C24:1n-9 and gondoic acid (C20:1n-9).
The sixth and last pattern had a positive loading of one FA, i.e.
C18:3n-3, and we named it ‘n-3 EFA’ pattern.

Dietary FA patterns were weakly associated with measured
outcomes (Table 4). The non-marine FA pattern showed marginal
positive associations with WC in the crude model and the
association remained marginal after adjusting for age and gender
(B=0.06,95% CI=-0.01-0.13, p =0.09). The association was lost
after adjustment for lifestyle variables and energy intake. On the
other hand, we did not find any associations with the marine FA
pattern (Table 4). Neither pattern revealed any association with
BMI, WHtR or the MetS. Further adjustment to the regressions
for total fat, fibre, carbohydrates and added sugar did not result
in any significant associations. The variables in the adjusted
models explained 0.02 to 27% of the variation in measures of
adiposity and 0.4 to 20% of the variation in the MetS.

Plasma phospholipid FA patterns resulted in stronger
associations with measures of adiposity and the MetS (Table
5). The high-Satfat and n-3 VLC-PUFA patterns were positively
associated with all measures of adiposity and the MetS. The
associations remained significant in the fully adjusted model.
The omega-6 VLC-PUFA pattern showed marginal and positive
associations with WC and WHtR in the crude model, but
associations were lost after further adjustments. This pattern
also showed higher odds for having the MetS and remained
significantly associated in the fully adjusted model (odds ratio,
OR =1.25,95% CI = 1.02-1.54, p = 0.03).

The n-9 LC-MUFA pattern was inversely associated with
WC and WHItR in the crude model as well as after adjustment
for age and gender. The associations were, however, lost after
adjustments for lifestyle variables and energy intake. This pattern
also showed lower odds for having the MetS and remained
significantly associated in the fully adjusted model (OR = 0.61,
95% CI = 0.50-0.75, p <0.0001).

The omega-3 EFA pattern showed an inverse association with
BMI, WC and WHtR, but in the fully adjusted model marginal
significance remained for BMI only. This pattern also showed
lower odds for having the MetS and remained significantly
associated in the fully adjusted model (OR = 0.81, 95% CI =
0.66-0.99, p = 0.04). The variables in all the adjusted models
explained 14 to 34% of the variation in measures of adiposity,
and 18 to 31% of the variation in the MetS.

We further adjusted all regression models for use of

contraceptives and intakes of total fat, fibre, carbohydrates,
and energy from added sugar in association with plasma
phospholipid FAs. Additional adjustment for these variables
did not result in different associations with anthropometric
indices. The association between high-LA pattern and the MetS
remained marginally significant after adjusting for additional
variables, whereas the associations with the n-6 VLC-PUFA and
n-3 EFA patterns were lost.

Discussion

The results of this study add new information about identified
FA patterns both in diet and plasma phospholipids among a
selected group of black South Africans from the North West
Province. We identified for the first time two dietary FA patterns
and six plasma phospholipid FA patterns (Table 3) by means
of factor analysis in this group of black adults. The dietary
non-marine FA pattern showed a weak positive association with
WC, whereas the marine pattern did not show any associations
with outcomes measured.

On the other hand, two plasma phospholipid FA patterns
(high-Satfat and n-3 VLC-PUFA) were positively associated
with all measures of adiposity and the MetS. The omega-6
VLC-PUFA pattern showed a positive association with the MetS,
but not with measures of adiposity. The n-9 LC-MUFA and the
n-3 EFA patterns showed an inverse association with the MetS in
fully adjusted models and tended to be negatively associated with
some measures of adiposity. The high-LA pattern was neither
associated with measures of adiposity nor the MetS. Our findings
indicate that dietary FA patterns were weakly associated, whereas
plasma phospholipid FA patterns were more strongly associated
with measures of adiposity and the MetS.

Previous studies have reported FA patterns, derived from
different components of blood and tissue in association with
obesity” and the MetS,2* but not with dietary patterns. These
patterns were generated by varying numbers of FAs ranging
from nine to 34 FAs,”** and some included estimated desaturase
activities,” by means of use of factor®* and cluster® analysis.
Consequently, these derived patterns differed from that obtained
in our study.

A dietary pattern, consisting of SFAs, PUFAs, MUFAs and
other nutrients, was not associated with obesity among Iranian
adults.” On the contrary, a multiracial study in the USA reported
a positive association of intakes of total fat, total saturated fat,
LC-SFAs, myristic acid (C14:0), C16:0 and C18:0, and MUFAs
with BMIL.* Furthermore, a study investigating the association
of dietary patterns with the MetS concluded that a pattern high
in meat products was associated with a higher prevalence of the
MetS.¥

In our study, the dietary non-marine FA pattern showed
marginal and positive associations with WC, but not with other
measures of adiposity or the MetS. The non-marine FA pattern
had positive loadings of FAs from SFAs, MUFAs and PUFAs,
specifically from two SFAs (C16:0 and C18:0), two MUFAs
(C16:1n-7, C18:1n-9) and two PUFAs (C18:2n-6 and C18:3n-3).
The dietary marine FA pattern showed no association with
outcomes measured.

Our results are in agreement with a study in the USA that
also found no associations of n-3 LC-PUFAs with BMI due to
low intakes of these FAs in their participants.® In our study and
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the study in the USA, lower intakes of n-3 PUFA compared to
the FAO/WHO recommendation of 0.25-2 g/day were found.*
Under-reporting of dietary intake may significantly influence
nutrient pattern investigation and association with disease,”
however, in the PURE study, over- and under-reporters of
dietary intake (subjects with reported energy intakes > 30 000
or < 3 000 KJ) were excluded prior to analyses.” Apart from
the marine FA pattern, we did not derive other clear dietary FA
patterns, likely due to the homogenous nature of food intake
in this group of adults. Therefore, factor analysis may not be
the most appropriate method to investigate dietary FAs in this
population and the associations observed should be interpreted
with caution.

The first plasma phospholipid FA pattern, high-Satfat, was
positively associated with all measures of adiposity and the
MetS. This pattern had high positive loadings of SFAs C18:0,
C20:0, C22:0 and C24:0, as well as negative loadings of MUFAs.
In our study, the plasma phospholipid levels of these saturated
FAs were also higher in overweight men and women compared
to their leaner counterparts, although effect sizes tended to be
small.

Plasma phospholipid VLC-SFAs, such as C20:0, C22:0 and
C24:0 have previously been reported to be inversely associated
with the MetS among adults in Taiwan.” In a study in Japan,
serum VLC-SFAs were also inversely associated with the MetS
and positively associated with HDL-C." The authors concluded
that these VLC-SFAs may be indicative of healthier metabolic
health."*'® Li and colleagues® derived a cluster that consisted
of the same VLC-SFAs mentioned above. This cluster was also
associated with the healthier metabolic profile,” but was not
identical to the high-Satfat pattern identified in this current
study, as it did not have negative loadings of MUFAs.

High intakes of MUFAS are generally considered the driving
force behind the protective effect of the Mediterranean diet
on cardiovascular diseases.”” The combined presence of high
loadings of some SFAs, particularly C18:0 and low loadings on
MUFASs may therefore explain the association with obesity and
the MetS found in our study. Plasma C18:0 levels were higher
and plasma Cl18:1n-9 levels were lower in the overweight/obese
groups than among their leaner counterparts in the current
study, and the same FAs had positive and negative loadings,
respectively, in the high-Satfat pattern. These two FAs made up
a considerable proportion of the FAs in the plasma phospholipid
profile and may be the driving force behind the positive
association of the high-Satfat pattern with all measures of
adiposity and the MetS in the current study.

The second pattern, n-3 VLC-PUFA, had high positive
loadings of C20:5n-3, C22:5n-3 and C22:6n-3, as well as the n-6
PUFA arachidonic acid (C20:4n-6). This pattern was positively
associated with all measures of adiposity and the MetS. In line
with our findings, an n-3 FA pattern (with positive loading of
C20:5n-3, and estimated delta 5 desaturase activity and negative
loading of C20:3n-6) in the study by Warensjo et al.* predicted
the development of the MetS in Swedish men, independent of
lifestyle factors. The main difference between our study and that
of Warensjo and colleagues® is that they included estimated
desaturase activity in their patterns and measured FAs in serum.

Omega-3 PUFAs, especially C22:6n-3 and C20:5n-3, have
multiple beneficial effects and are generally inversely associated
with obesity and related risk factors, as detailed in a recent

review.” Other studies have also reported the inverse association
of circulating n-3 PUFAs with measures of adiposity and the
MetS.2?! It should be kept in mind that the PURE-SA study
population reported very low intakes of n-3 FAs; however, despite
these low intakes, their plasma levels were considered sufficient.®
Continuous low intake of n-3 LC-PUFAs, as reported in the
present study, can result in up-regulation of the endogenous
synthesis of n-3 LC-PUFAs from C18:3n-3. The possibility
therefore exists that this upregulated conversion is a response to
the cardiovascular risk milieu, reflecting reverse causality, rather
than being the other way around. Further research is needed to
elucidate the endogenous conversion of dietary n-3 PUFAs in
black African populations.

It is also possible that the positive association of this
pattern with adiposity and the MetS could have been driven
by the C20:4n-6, which formed part of this pattern. Omega-
3 and n-6 FAs compete for incorporation into target tissues
and metabolism by common enzymes, which may lead to
opposing health effects.”® The eicosanoid metabolic products
from C20:4n-6 promote inflammatory responses. There is some
evidence that a higher ratio of n-6 PUFAs to n-3 PUFAs is
associated with a higher prevalence of obesity and the MetS.*

The fourth plasma phospholipid pattern, n-6 VLC-PUFA,
had positive loadings of n-6 VLC-PUFAS, C20:3n-6, C22:4n-6
and osbond acid (C22:5n-6) and was positively associated with
the MetS. Mayneris-Perxachs et al."® also reported a positive
association between plasma phospholipid C20:3n-6 PUFAs and
the MetS among older adults in Spain.

Higher concentrations of plasma phospholipid C20:3n-6 were
observed in both overweight men and women compared to their
leaner counterparts in our study, but the n-6 VLC-PUFA pattern
was not associated with BMI in the fully adjusted model. Plasma
phospholipid levels of C20:3n-6 were also positively associated
with BMI in participants from the USA and Mexico."*"” There
was, however, also a longitudinal study that found higher
total circulating n-6 PUFAs, in particular linoleic acid and
arachidonic acid, to be protective of risk factors for the MetS,
including both systolic and diastolic BP and plasma triglycerides
in men,* indicating that different n-6 FAs showed opposite
associations with the MetS. The association of C20:3n-6 with the
MetS requires further investigation.'

The fifth pattern, n-9 LC-MUFA, loaded positively with
C20:1n-9 and C24:1n-9, and negatively with myristic acid
(C14:0). This pattern showed an inverse association with WC
and WHtR, but lost association when adjusted for lifestyle
variables and energy intake. However, lower odds for having the
MetS remained after adjustment for covariates. In our study,
levels of C20:1n-9 were significantly higher in lean men and
women compared to their overweight counterparts, whereas
C24:1n-9 was higher in overweight compared to lean women
only. Nervonic acid (C24:1n-9) and C20:1n-9 are both products
of endogenous metabolism by elongation from oleic acid,” but
plasma C24:1n-9 may also be related to fish intake.* Since fish
consumption was very low in our study population, this pattern
could therefore reflect an upregulated metabolism of oleic acid
in our lean study participants.

The sixth pattern, n-3 EFA, was positively loaded with
C18:3n-3 and tended to be inversely associated with all measures
of adiposity and showed lower odds for the MetS. This is in
agreement with a study that found C18:3n-3 in serum cholesteryl
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esters to be inversely associated with abdominal obesity in a recent
cross-sectional study of 60-year-old men and women.” Alpha-
linolenic acid (C18:3n-3) is an essential FA and a precursor from
which n-3 LC-PUFAs are synthesised. Increased consumption
of C18:3n-3-rich foods elevates its tissue levels as well as levels
of C22:6n-3 and C20:5n-3 in the liver lipids.*® Alpha-linolenic
acid can be beneficial to health. Firstly, C18:3n-3 intake was
associated with a moderately lower risk of cardiovascular disease
in randomised, controlled studies as outlined in reviews.®®
Secondly, as explained above, C18:3n-3 competes for the same
metabolic enzymes, as does C18:2n-6, and increased dietary
intake may be a worthy approach to decrease elongation of n-6
FAs leading to reduced plasma C20:4n-6 levels and increased
plasma levels of C22:6n-3 and C20:5n-3.% As C18:3n-3 is an
essential FA, this pattern, identified in our study participants,
is probably related to food intake and therefore indicative of a
higher intake of vegetable oils, legumes, nuts and seeds.®'

Strengths and limitations

A rigorous methodological approach of sequential regression
modelling enabled us to investigate the associations between
dietary FA and plasma phospholipid FA patterns, respectively,
and measures of adiposity and the MetS. Another strength of
our study is the use of both dietary FA and plasma phospholipid
FA patterns,” which is a preferred method to investigate the
association between diet and diseases.”

Our work is not free of limitations. Firstly, inaccuracies
associated with collecting dietary intake data may have
influenced the dietary FA results; however, in our population,
fieldworkers collecting dietary data were intensively trained and
supervised, and both under- and over-reporters of dietary intake
were excluded.® In addition, repeatability of the QFFQ was
also demonstrated.”® Secondly, the cross-sectional design does
not account for possible reverse causation between measures
of adiposity and dietary FA intake or plasma phospholipid
FA concentration, nor can causality be inferred. Thirdly, a
possible limitation of the study is incomplete information on FA
composition in the food composition databases. This limitation
was compensated for by our study design that also considered
plasma phospholipid FAs. Fourthly, we assessed the associations
with indirect measurements of adiposity, including BMI, WHtR
and WC, as secondary markers of total and central adiposity,
whereas imaging methods would better differentiate between
lean and fat mass.

Conclusion

To our knowledge, this is the first study to investigate and
document novel data on dietary FA and plasma phospholipid
FA patterns and their association with measures of adiposity
and the MetS in a selected group of black South African adults.
This study presents evidence that although marginal association
was found with dietary FA patterns, some circulating plasma
phospholipid FA patterns were more strongly and significantly
associated with BMI, WC, WHtR and the MetS. The high-
Satfat and n-3 VLC-PUFA patterns were positively associated
with adiposity and the MetS, whereas the n-9 LC-MUFA and
n-3 EFA patterns were inversely associated with adiposity. These
patterns may suggest possible differences in FA metabolism

between lean and overweight/obese individuals. It should also
be considered that, in a study population with low-fat intakes,
such as the PURE participants, plasma FA levels may reflect
endogenous FA generation rather than dietary intakes, which
could result in different findings than those reported in other
studies from affluent communities.

Our results are not sufficiently conclusive to make
recommendations on dietary FA intakes in this population.
Further prospective cohort studies that explain possible
differences in characteristics of FA metabolism among black
South African men and women are needed. More studies that
apply the use of dietary FA and plasma or tissue FA patterns are
required to determine whether the results from the current study
can be generalised to the black population of African descent.
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Exercise test predicts CVD mortality risk

Performance on a simple exercise test predicts the risk
of death from cardiovascular disease, cancer, and other
causes, reports a large study presented at EuroEcho-Imaging
2018. Good performance on the test equates to climbing
three floors of stairs very fast, or four floors fast, without
stopping. The findings underline the importance of fitness
for longevity.

The study included 12 615 participants with known or
suspected coronary artery disease. Participants underwent
treadmill exercise echocardiography, in which they were
asked to walk or run, gradually increasing the intensity, and
continue until exhaustion. The test also generates images of
the heart to check its function.

During a median 4.7-year follow up, there were 1 253
cardiovascular deaths, 670 cancer deaths and 650 deaths
from other causes. After adjusting for age, gender and other
factors that could potentially influence the relationship, each
MET (metabolic equivalent) achieved was independently
associated with 9, 9 and 4% lower risks of cardiovascular
death, cancer death and other causes of death during follow
up.
The death rate from cardiovascular disease was nearly
three times higher in participants with poor compared
to good functional capacity (3.2 vs 1.2%, p < 0.001).
Non-cardiovascular and non-cancer deaths were also nearly
three-fold higher in those with poor compared to good

functional capacity (1.7 vs 0.6%, p < 0.001). Cancer deaths
were almost double in participants with poor compared to
good functional capacity (1.5 vs 0.8%, p < 0.001).

As expected, the imaging part of the examination was
predictive of cardiovascular death but not of deaths caused
by cancer or other conditions.

Study author Dr Jestis Peteiro, a cardiologist at the
University Hospital A Coruiia, A Coruia, Spain, said: ‘Our
results provide further evidence of the benefits of exercise
and being fit on health and longevity. In addition to keeping
body weight down, physical activity has positive effects
on blood pressure and lipids, reduces inflammation, and
improves the body’s immune response to tumours.’

Peteiro said people do not need to undergo exercise
echocardiography to check their fitness level. ‘There are
much cheaper ways to estimate if you could achieve 10 METs
on the treadmill test,” he said. ‘If you can walk very fast up
three floors of stairs without stopping, or fast up four floors
without stopping, you have good functional capacity. If not,
it’s a good indication that you need more exercise.’

ESC guidelines recommend at least 150 minutes a week
of moderate aerobic physical activity or 75 minutes a week
of vigorous aerobic physical activity, or a combination of the
two intensities.

Source: Medical Brief 2019
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The role of echocardiography in acute viral myocarditis

Mamotabo R Matshela

Abstract

The diagnosis of acute viral myocarditis can be very chal-
lenging during the initial evaluation, warranting multiple
diagnostic tests to be performed, including a full echocar-
diographic evaluation to exclude other aetiologies that might
present similarly. Acute myocarditis may masquerade as
acute myocardial infarction in older patients or as any form
of cardiomyopathy in young patients. As a result, all these
patients need a thorough evaluation and to be managed at a
high cardiac-care setting from the very outset. A wide range
of diagnostic tests may be warranted, including conven-
tional echocardiography, to exclude other underlying cardiac
diseases, to evaluate cardiac chamber size, wall thickness,
ventricular function and the presence of pericardial collec-
tions, and to assist in guiding further management. Although
left ventricular dysfunction tends to be described more often,
right ventricular dysfunction has been reported as the most
likely cause of unfavourable outcomes, compared with left
ventricular dysfunction. Therefore it is important to thor-
oughly evaluate and report all echocardiographic parameters
for both ventricles and to determine the prognosis.
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Diagnosis of acute viral myocarditis can be challenging as its
clinical presentation may masquerade as other cardiac conditions,
such as an acute myocardial infarction. As a result, all patients
with suspected acute viral myocarditis should undergo thorough
evaluation, including a full echocardiographic assessment to
exclude other causes that could present in a similar fasion.'”
Most importantly, these patients need closer monitoring and
should be managed in a high-care or cardiac-care setting.'
Diagnosis of acute viral myocarditis is based on the presenting
symptoms, elevated cardiac markers suggestive of myocardial
necrosis, and electrocardiographic and echocardiographic
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changes. Although a wide range of diagnostic tests may be
warranted when initially evaluating these patients, conventional
echocardiography remains a crucial imaging modality to
exclude other underlying cardiac diseases, to evaluate cardiac
chamber size, wall thickness, ventricular function and presence
of pericardial collections, to differentiate fulminant from acute
myocarditis, and to help guide the patient’s management.

There is earlier information on the role of echocardiography in
myocarditis, however data on new or advanced echocardiographic
imaging modalities are limited; as a result, future research is
warranted in this area. Hence, the main objective of this article
was to review the role of different echocardiographic modalities
that may be useful during suspicion of acute viral myocarditis,
as well as to report on new or advanced echocardiographic
modalities to be applied during echocardiographic assessment,
including contrast and speckle-tracking echocardiography.

Two-dimensional transthoracic echocardiography

Conventional echocardiography forms a crucial component for
diagnostic work up in patients suspected of acute myocarditis.”
Two-dimensional transthoracic echocardiography (2D-TTE) plays
a crucial role in evaluating ventricular function and excluding
other causes of chest pain or heart failure, including valvular,
congenital and ischaemic heart diseases, and pericardial diseases.

Previous data have extensively reported on acute myocarditis
as an important masquerader of acute myocardial infarction,
therefore regional wall-motion abnormalities should be looked
for during TTE, particularly in elderly patients or those with
traditional risk factors for coronary artery diseases, as opposed
to young, healthy athletes.>” Even though 2D-TTE features of
acute myocarditis are non-specific, it is still useful to exclude
potential differentials, assist in guiding further management,
including follow ups, and for prognostic purposes.

Echocardiographic criteria for myocarditis

Despite the fact that echocardiographic diagnosis of acute
myocarditis has been hampered by non-specific features at the
time of examination, the diagnostic criteria were previously
suggested and have been adopted.** These criteria focus mainly
on distinguishing fulminant from acute myocarditis and are
very important in assisting triaging patients for specialised care,
depending on the disease stage.

Several studies have previously evaluated the role of
echocardiography during initial and follow-up management of
patients suspected of or confirmed with acute myocarditis.
Therefore echocardiography plays a crucial role and should be
implemented at the initial evaluation and during the follow up.'**
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Left ventricular function

Hsiao et al* reported septal wall thickness, left ventricular
dimensions and ejection fraction in acute myocarditis patients
compared with healthy controls, and further implemented
the role of two-dimensional speckle-tracking echocardiography
(2D-STE). Here, the authors demonstrated that 2D-STE could
be helpful when evaluating patients with acute myocarditis
during initial presentation of the disease process, compared with
2D-TTE.

Traditionally, echocardiographic findings in patients with
acute myocarditis include left ventricular (LV) regional/segmental
or global dysfunction and overall LV dilatation, however normal
LV function continues to be reported in biopsy-proven acute
myocarditis.” Occasionally, myocardial interstitial oedema,
which could be detected echocardiographically as increased
ventricular wall thickness, has also been reported in acute
myocarditis.** Additional echocardiographic measurements
suggestive of myocarditis include depressed ventricular
function, including systolic and diastolic dysfunction, and
regional wall abnormalities; however there are other non-specific
echocardiographic parameters characteristically associated with
acute myocarditis.**

Right ventricular function

The LV is the most commonly assessed and reported cardiac
chamber in acute myocarditis, however echocardiographic
assessment of right ventricular (RV) function is also highly
recommended in any form of myocarditis.** Pinamonti et al.*
retrospectively reviewed echocardiographic images of 42 patients
with biopsy-proven myocarditis and reported RV dysfunction to
be fairly common, as 23% of their study patients had evidence
of RV dysfunction.*

RV dysfunction in patients with acute viral myocarditis has
been reported as the most likely cause of poorer outcomes in
terms of death and increased need for cardiac transplantation
compared with LV dysfunction.**” The LV-RV interaction has
also been reported to be crucial in patients with myocarditis, as
significantly impaired LV function was reported more often in
patients with depressed RV function than in those with normal
RV function during the initial presentation.**

Speckle-tracking echocardiography

STE is a new echocardiographic technology with high sensitivity
and reproducibility for detection of subclinical ventricular
systolic and diastolic dysfunction. The invention of STE strain
and strain rate indices are useful to evaluate intrinsic cardiac
deformation. STE indices provide accurate measurements of
both regional and global ventricular contractility enhanced by
angle independency and fewer pitfalls throughout the motion
plane, compared with convectional 2D echocardiography. STE
has demonstrated its superior utility compared with conventional
echocardiography in patients presenting with acute myocarditis
or any form of inflammatory cardiomyopathy.**#-

The 2D-STE strain and strain rate parameters are useful
prognostic measures, even in patients presumed to have
preserved LV ejection fraction at baseline and during the follow-
up periods of the acute myocarditis process.* In addition,
strain parameters could be useful in predicting deterioration

and overall event-free survival after an evidenced or recovery
from acute viral myocarditis, and to differentiate myocarditis
from other conditions including coronary artery disease.* An
additional report indicated that STE should be recommended
in daily clinical practice to evaluate multiple cardiac conditions,
including inflammatory cardiomyopathies, as strain parameters
could detect early ventricular dysfunction compared with
conventional echocardiography, and it is also useful for long-
term prognostic purposes.*

In the recent past, a case of acute viral myocarditis was reported
where significantly impaired LV longitudinal, circumferential and
radial systolic strain parameters were demonstrated.* The authors
also reported significantly attenuated inferior, inferolateral and
apical segmental strain values, with the inferolateral segment
demonstrating a paradoxical circumferential strain.*

In a larger study of 28 consecutive patients with cardiac
magnetic resonance (CMR) imaging-verified diagnosis of acute
myocarditis based on the Lake Louise criteria, Logstrup et al.*
indicated that 2D-STE was useful during the initial evaluation,
as global longitudinal systolic strain added supportive
information to clinical and conventional echocardiography.®
Furthermore the authors also reported that global longitudinal
systolic myocardial strain (including epicardial and endocardial
longitudinal systolic strain) correlated strongly with the degree
of myocardial oedema. The same study highlighted that 2D-STE
was undoubtedly useful for the diagnosis and to evaluate the
degree of myocardial dysfunction in acute myocarditis.*

Even though three-dimensional (3D) STE is still evolving,
Caspar et al”” demonstrated significantly lower 3D global
longitudinal, circumferential, area and radial strain values in
acute viral myocarditis cohorts compared with normal healthy
controls, despite documented preserved baseline LV ejection
fraction on standard echocardiography in both groups.

Tissue Doppler imaging

Tissue Doppler imaging (TDI) indices are important and
more specific when evaluating patients with acute myocarditis.
Despite limited reports on the detection of myocarditis by novel
echocardiographic modalities, such as tissue Doppler, studies have
demonstrated impaired longitudinal segmental myocardial strain
on Doppler echocardiography due to myocardial oedema.’***
Furthermore, tissue Doppler parameters and contrast-enhanced
CMR could synergistically help in confirming the diagnosis and
guide further management.

Smedema et al® reported a case where the authors
demonstrated the importance of TDI as part of the diagnostic
work-up and management of acute myocarditis. In the same
report, the authors further highlighted TDI indices, which were
indicative of abnormalities suggestive of myocardial scarring.*
Here the echocardiographic parameters were better suited to
characterise acute myocardial tissue changes and changes over
time in patients with acute myocarditis.

Contrast echocardiography

Generally, the clinical applications of contrast echocardiography
include LV quantification and Doppler enhancement, which are
useful during the evaluation of ventricular function, particularly
in patients with a poor echocardiographic window.*-!
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Although the clinical utility of contrast echocardiography in
acute myocarditis is yet to be demonstrated and is controversial,
contrast echocardiography is used routinely to exclude LV apical
thrombus in patients with acute myocardial infarction and could
also be useful in acute myocarditis, particularly in patients with
impaired LV systolic function.

The presence of LV thrombus may be difficult to confidently
image using standard TTE and, as recommended by national
guidelines, contrast echocardiography can be useful to aid in
the diagnosis in difficult situations.” A LV mural thrombus
is a common complication, particularly in patients with LV
dilatation and significantly impaired contractility, so contrast
echocardiography could be used in those patientsin guiding further
management to prevent peripheral emobilisation.®®*¢" Other
imaging modalities, including CMR or 3D echocardiography,
should be considered for confirmatory purposes.

Three-dimensional echocardiography

The real-time 3D-TTE is an advanced and important
echocardiographic imaging modality used to evaluate cardiac
patients; however its role in acute myocarditis is yet to be
elucidated as larger data on its utility are limited. Despite
this pitfall, a case was previously reported using real-time 3D
echocardiography in acute myocarditis.*® Thuny et al.* reported
the role of both 2D and 3D echocardiography in a 43-year-old
male with acute myocarditis, where the authors demonstrated
the presence of hypokinetic and impaired LV contractility and
biventricular thromboses, which were better delineated by 3D
compared with 2D echocardiography.®

Differentiating acute from fulminant myocarditis

Echocardiography in patients with myocarditis allows for serial
assessment of LV dysfunction and is useful to distinguish
fulminant from acute myocarditis.®* Fulminant myocarditis
is characterised by the presence of a normal cavity and
hypocontractile LV with increased septal thickness, compared
with acute myocarditis. Acute myocarditis is characterised by
marked LV dilation, normal septal thickness and ventricular
dysfunction. In any form of myocarditis or inflammatory
cardiomyopathy, cardiac function should be monitored using
serial echocardiograms to demonstrate any change over time.*”*
In general, LV function improves over a period of approximately
six months in fulminant myocarditis, compared with acute
myocarditis. 6>

An athlete with myocarditis

Responding to increased cardiac output demanded during
exercise, both ventricles must increase stroke volume, which
imposes high stress on myocardial structures, more so on the
RV, which normally works at low pressures compared with the
LV. Previously, studies on athletes’ hearts were more focused
on the LV; however recently, due to the evolution of advanced
echocardiographic techniques and CMR, RV exercise-induced
remodelling has been demonstrated.

Echocardiography is a widely available imaging modality
that could provide useful information in sports cardiology,
particularly in areas of pre-participation screening and to

evaluate exercise-induced cardiac remodelling. Based on current
guidelines, it is recommended resuming competitive sport once
there are no biomarkers or evidence of inflammation and no
concerns regarding arrhythmias, and after the LV has assumed
normality.” Prior to clearance, the athlete should demonstrate
a normal work-up based on an echocardiogram, exercise
electrocardiogram and Holter monitor. If the athlete wishes to
return to competitive sporting activity, recommendations are
provided on how best to do so in a safe manner and should be
followed closely, using intermittent repeated rhythm monitors,
imaging and stress testing, depending on the sporting activity
and degree of delayed gadolinium enhancement.

Since several reports have indicated a strong prognostic role
for residual myocardial scarring after myocarditis, athletes should
be prohibited from participating in competitive sport if there is
evidence or concern regarding either ventricular arrhythmias or
progressive LV dysfunction, which could be associated with the
presence of residual myocardial scarring.**” Furthermore, CMR
has added prognostic implications, as evidence of late gadolinium
enhancement was significantly associated with major adverse
cardiac events in athletes.®*® Despite current advancements
in imaging, including echocardiography, for young athletes
wishing to return to sport after an acute episode of myocarditis,
more data on advanced echocardiography, including STE, are
warranted.

Discussion

Even though only standard echocardiography has been used,
reports indicate that echocardiography plays some part during
the initial evaluation and subsequently in diagnosing possible
myocarditis. This limitation, compared with normal healthy
individuals, is mostly due to normal reported evaluations in those
with less severe forms of myocarditis. Despite these negatives,
multiple abnormalities have been reported, namely segmental
and global ventricular wall-motion abnormalities, and different
patterns of cardiomyopathies, such as dilated, hypertrophic
or even restrictive forms of cardiomyopathy in patients with
histology-proven myocarditis. In addition, areas of necrosis and
inflammation have been reported, which are associated with or
lead to myocardial perfusion defects on further imaging.

Despite the lack of prior larger reports, studies or broader
knowledge of myocardial contrast echocardiography in acute
myocarditis, contrast echocardiography is useful to rule out
ventricular mural thrombus. It is also useful in guiding further
management and to prevent embolisation, which could lead
to devastating outcomes, particularly in severely impaired
ventricular contractility.’*¢!

Two-dimensional STE strain echocardiography is useful
in evaluating regional contractile function and assisting
with detecting subclinical myocardial dysfunction, despite
presumed normal ventricular function, based on conventional
echocardiography.’*” 2D-STE has a favourable signal-to-noise
ratio, angle independence and the ability to differentiate active
from passive myocardial motion, compared with standard
echocardiography.

Despite limited information about the sensitivity and
specificity of some of these newer echocardiographic techniques,
their availability allows a window of opportunity to prospectively
address important questions in myocarditis. Furthermore, since
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there are no well-established echocardiographic criteria to predict
outcomes in patients with any form of myocarditis, it is a good
opportunity to develop new criteria to guide management and
for prognostic purposes in future. Despite this premise, systolic
and diastolic dysfunction, the presence of regional wall-motion
abnormalities, and changes in echocardiographic image texture
have previously been reported, which may be modified with
larger studies in the future. Echocardiography may further assist
with classification of myocarditis patients into clinically relevant
subgroups, with prognostic implications.

Conclusion

The presentation of acute myocarditis may masquerade as other
cardiac conditions, making the diagnosis even more challenging.
A wide range of diagnostic tests may be warranted when
initially evaluating patients with suspected acute myocarditis,
where conventional echocardiography could assist in excluding
other cardiac diseases. Conventional echocardiography could
be useful to evaluate cardiac chamber size and function, exclude
complications, and help guide further management in terms
of optimising heart failure and thromboprophylaxis therapies
accordingly.

New and advanced echocardiographic modalities, including
STE, should be considered for future daily clinical practice
for early detection of subclinical ventricular dysfunction, to
help develop criteria to predict outcomes, and for prognostic
purposes. Most clinicians are concerned with LV dysfunction,
however echocardiographic exclusion of RV dysfunction is
crucial because RV dysfunction in acute myocarditis is common
and predicts poorer outcomes and an increased need for cardiac
transplantation, compared with LV dysfunction.
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Losing weight can reverse atrial fibrillation in obese patients

Australian research shows for the first time that obese people
who are suffering from atrial fibrillation can reduce or reverse
the effects of the condition by losing weight. The researchers
found that a 10% loss in weight along with management of
associated risk factors can reverse the progression of the
disease. They studied 355 overweight or obese people who
lost varying amounts of weight.

The research was led by the Centre for Heart Rhythm
Disorders at the University of Adelaide and the South
Australian Health and Medical Research Institute
(SAHMRI). ‘This is the first time that evidence has been
found that if people who are obese and are suffering from
atrial fibrillation the disease can be alleviated by losing
weight and treating lifestyle factors,” says lead author Dr
Melissa Middeldorp, researcher from the University of
Adelaide’s Centre for Heart Rhythm Disorders.

Atrial fibrillation (AF), Australia’s most common heart
rhythm disorder, is a leading cause of stroke and can lead
to heart failure. Millions of people around the world are
diagnosed with this condition every year. Chest pain, a
‘racing’ or unusual heart beat and shortness of breath are all
symptoms of AF.

‘AF is a progressive disease in which initial short,
intermittent symptoms develop into more sustained forms
of the condition. Obesity and lifestyle factors are associated
with its progression,” says Middeldorp.

The number of overweight and obese adults has doubled

over the past two decades, with Australia now being ranked
as one of the fattest developed nations. “The study showed
that if obese people lose more than 10% of their weight and
subsequent management of other risks to their lifestyle, they
can reverse the progression of the disease. People who lost
weight experienced fewer symptoms, required less treatment
and had better outcomes. Those who previously had sustained
symptoms experienced only intermittent symptoms or indeed
stopped experiencing AF entirely,” says Middeldorp.

‘Progression of the disease is shown to have a direct link
with the degree of weight loss. Without weight loss, there is a
progression of AF to more persistent forms of AF.

The Centre for Heart Rhythm Disorders is led by Professor
Prash Sanders, world leader in atrial fibrillation research.
‘This study shows that weight loss and treating lifestyle
factors is an essential component for effectively managing
AF, in many instances being an alternative to surgery or drug
intervention. Melissa’s work has widespread implications for
the management of this disease globally and is good news for
people with the condition,” says Sanders.

‘With record levels of obesity in Australia and in most
high-income countries, this study gives hope that obese
people can have a better quality of life as well as reducing
their dependence on health-care services if they lose weight.’

Source: Medical Brief 2019
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Case Report

Wellens’ syndrome: a life-saving diagnosis

Yan ming Chen, Kang xing Song

Abstract

Wellens’ syndrome is a relatively common clinical entity;
however, it is often missed, especially in young patients.
Without prompt diagnosis and aggressive intervention,
patients with Wellens’ syndrome may rapidly go on to develop
extensive anterior wall myocardial infarction and possibly
sudden death. In this case report, we present a 33-year-old
male patient with atypical chest pain, and discuss the signifi-
cance of a prompt recognition of Wellens’ syndrome.
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Wellens” syndrome is a pattern of electrocardiographic T-wave
changes associated with severe stenosis of the left anterior
descending artery (LAD). The risk factors for Wellens’ syndrome
are the same as for acute coronary syndrome, such as diabetes
mellitus, hypertension, hyperlipidaemia, advanced age, and
family history of premature coronary heart disease. However,
it is different from other acute coronary syndromes in that an
electrocardiogram (ECG) obtained during episodes of pain
demonstrates normalisation, and T-wave changes are found
during pain-free periods. Therefore it is inclined to be missed in
young patients without obvious cardiovascular risk factors.

Without prompt diagnosis and aggressive intervention,
patients with Wellens’ syndrome may rapidly go on to develop
extensive anterior wall myocardial infarction and possibly sudden
death. Immediate repetitive ECG evaluation after the chest pain
subsides and timely recognition of this diagnostic ECG pattern
are crucial to decrease cardiovascular risk. Here we report on a
fortunate young man with Wellens’ syndrome who was correctly
diagnosed and treated.

Department of Cardiology, General Hospital of Chinese
PLA, Beijing, China

Yan ming Chen MD, chenyanmingabcd0 @ sina.com

Kang xing Song, MD

Case report

A 33-year old man was admitted to the hospital because of
intermittent chest pain for seven days. The chest pain was
substernal and ‘prickling’. It occurred in the morning and at
night, and lasted for 10 minutes to a few hours. He had no
history of diabetes, hypertension, hyperlipidaemia, drug abuse
or family history of premature coronary heart disease. He had a
sedentary lifestyle.

The physical examination was unremarkable. The initial
ECG obtained after admission was normal. At 07:40 the next
morning, his pain recurred. An immediate ECG was obtained
and there were no obvious T-wave changes (Fig. 1A). Twenty
minutes later, the pain was relieved with 0.5 mg sublingual
nitroglycerin, and then a pain-free ECG was performed (Fig.
1B), which showed biphasic T waves in leads V2-V4.

The dynamic T-wave changes raised concerns about Wellens’
syndrome, which is associated with severe stenosis of the LAD.
The patient underwent immediate coronary angiography, and the
procedure showed 95% stenosis of the proximal LAD (Fig. 2A);
the stenosis was treated with a drug-eluting stent (Fig. 2B). The
troponin T level rose to a peak of 0.195 ng/ml (normal value <
0.1 ng/ml).

The patient was discharged home symptom free and referred
to a cardiac rehabilitation programme. He has been in constant
follow up and has not experienced angina again.

Discussion

Wellens’ syndrome is a pre-infarction stage of coronary artery
disease. It comprises 10 to 15% of all acute coronary syndromes
in the USA. However, it is often missed, especially in young
patients."?

Khan reported Wellens’ syndrome in a 24-year-old woman
with atypical chest pain and characteristic ECG changes. This
was initially unrecognised and the young patient subsequently
progressed to an anterior non-ST elevation myocardial
infarction.* Wang reported another Wellens’ syndrome in a
22-year-old man.® Both young patients in these two cases
had cardiovascular risk factors, namely diabetes and familial
hypercholesterolaemia, respectively.** Our case was different, as
the young patient has no obvious cardiovascular risk factors or
family history of premature coronary heart disease.

Wellens’ syndrome is prone to misdiagnosis. However the
characteristic ECG pattern is specific for a differential diagnosis.

Wellens” syndrome, first reported by de Zwaan in 1982, is
a pattern of electrocardiographic T-wave changes associated
with severe stenosis of the LAD.® More specifically, Wellens’
syndrome can be classified into two types. Type 1 Wellens
constitutes 24% of cases, is less common, poorly recognised, and
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Fig. 2. A. After coronary angiography, 95% stenosis of the proximal left anterior descending coronary artery was seen. B. After the
stenosis was treated with a drug-eluting stent.

described as biphasic T waves in V2-V3, which was the finding
in our patient (Fig. 1B). The more common type 2 Wellens’
accounts for the remaining 76% of cases and is identified by
deep, symmetrically inverted T waves in V1-V4. This T-wave
pattern is well recognised by junior doctors. It is important to
emphasise that the T-wave changes of Wellens’ syndrome occur
during pain-free periods, while during an episode of chest pain,
the T waves normalise.

The criteria for Wellens’ syndrome are as follows: previous
history of chest pain, no Q waves or loss of R waves, no
significant ST-segment elevation, normal or minimally elevated
cardiac markers, and biphasic/inverted T-wave changes in the
precordial leads. Without prompt diagnosis and aggressive
intervention, patients with Wellens’ syndrome may rapidly go
on to develop extensive anterior wall myocardial infarction,
with a mean time of 8.5 days. As a result, patients with Wellens’

syndrome should undergo immediate or rapid invasive coronary
strategy.’

Conclusion

We highlight three learning points about this case: (1) immediate
repetitive ECG evaluation after the chest pain subsides, even
in young patients without significant risk factors; (2) timely
recognition of the diagnostic ECG pattern of Wellens’ syndrome;
(3) emergency coronary angiography should be conducted if
diagnosed.
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