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Abstract
Purpose Individuals with dysglycaemic are prone to dyslipidaemia. Understanding the dyslipidaemic status of dysglycaemic
individuals is essential for monitoring and early prevention. The aim was to assess the control of lipidaemia by glycaemic status
in a representative adult population.
Methods A retrospective health examination survey was performed on a sample of adults (n = 3947) in Malta in 2014–6.
Sociodemographic data, biochemistry blood tests and anthropometric measurements were gathered. Statistical analysis was
performed to evaluate the lipidaemic status and its control across the glycaemic spectrum (normoglycemic, impaired fasting
glucose individuals, new diabetics and known diabetics).
Results The prevalence of uncontrolled dyslipidaemia was 7.75% (CI 95%: 6.69–8.63), among whom 6.97% (CI 95%: 6.21–
7.81) were naïve dyslipidaemic. A progressive elevation in both LDL-C and total cholesterol but not triglycerides was present
among uncontrolled dyslipidaemia individuals across the glycaemic spectrum. Global dyslipidaemia was present in 19.26% (CI
95%: 18.05–20.52) of the total general population and in 46.59% (CI 95%: 40.49–52.69%) of known diabetics. Most individuals
irrespective of lipid status were normoglycaemic.
Conclusions Dyslipidaemia occurs in the presence of insulin resistance. Dyslipidaemia predominated in the normoglycaemic
state irrespective of statins use, indicating the need to manage dyslipidaemia prior to dysglycaemia.
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Introduction

Understanding the dyslipidaemic status and its metabolic corre-
lations at population level is essential for monitoring of health
status, planning and evaluating healthcare. Dyslipidaemia is the
presentation of combined elevation of low-density lipoprotein
cholesterol (LDL-C) level and an elevated triglyceride level
and a decreased high-density lipoprotein cholesterol (HDL-C)
level [1]. This is a common occurrence in dysglycaemic individ-
uals, especially among those with an established diabetes
mellitus type 2, also known as diabetic dyslipidaemia [2].
Furthermore, dyslipidaemia is a well-established contributor to
the development of cardiovascular disease especially in
dysglycaemic individuals [2, 3]. Individuals suffering from dia-
betes mellitus have been reported to have a 2- to 4-fold increased
risk for the developing of cardiovascular disease. In fact, diabetes
has been identified as a coronary artery disease risk factor [4, 5].

Individuals with diabetes tend to lose the ability to metabolise
lipids and lipoproteins, increasing the risk of elevated low-
density lipoprotein (LCL-C), elevated triglycerides and a
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decreased level of high-density lipoprotein (HDL-C) [6]. The
diabetic LDL-C particle tend to be smaller and denser due to
the simultaneous presence of high triglyceride levels. This con-
tributes to the documented Batherogenic lipid pattern^, which is
present in both pre-diabetic and diabetic individuals (impaired
fasting glucose and impaired glucose tolerance) [7, 8]. These
smaller, denser LDL-C particles have greater ability to penetrate
into the blood vessels, thereby potentiating the risk for thrombus
formation [9]. A reduction of 1 mmol/L of the mean LDL-C
plasma level at population level is thought to contribute to a
21% risk reduction in cardiovascular mortality [10, 11].

The most commonly used lipid-lowering medications are
statins. Statins block the 2-hydroxy-3-methyl glutaryl coen-
zyme A (HMG-CoA) conversion to mevalonic acid and there-
fore limit cholesterol synthesis [12]. In turn, lower hepatic
cholesterol levels result, leading to an increase in low-
density lipoprotein (LDL)-receptor expression in hepatocytes.
This leads to an enhanced LDL-particle clearance from the
blood [13]. Statins also act on reducing the triglyceride levels
whilst increasing the high-density lipoprotein [12, 14].

The Mediterranean Island of Malta has been reported to have
high diabetes mellitus type 2, obesity and hypertension preva-
lence rates when compared to other European countries [15–18].
This makes the adult population of Malta an ideal cohort in
which to analyse the effects of glycaemia on lipidaemic status.
Furthermore, considering that the total population of Malta is
less than half a million and that the Maltese Islands are small
(316Km [2]), the short distances between towns made it feasible
for a nationally representative health examination survey to be
conducted with all participants undergoing fasting lipid profile
testing. Commonly, epidemiological studies are unable to under-
go such an extensive examination at a population level [3].

The aim of this study was to assess the glycaemic status of
the population in relation to their lipidaemia control with or
without the use of statins, while establishing the prevalence of
uncontrolled and global dyslipidaemia among the high-risk
Maltese population. The hypothesis was that as the glycaemic
spectrum shifts from normoglycaemia to full-blown diabetes
mellitus, the lipid profile would become more dyslipidaemic
without the use of statins, while it would stay more within the
normal range for those on statins. Such data can facilitate a
comparative review by neighbouring Mediterranean countries
as well as among other high diabetes prevalence countries.
The data will aid in the identification of dyslipidaemic chang-
es at population level which may relate to the onset of cardio-
metabolic complications and to understand the relationships
between dyslipidaemia and dysglycaemia.

Method

A retrospective cross-sectional survey on diabetesmellitus type 2
was conducted between November 2014 and January 2016

under the auspices of the University of Malta. The detailed study
protocol was described elsewhere [19]. In summary, a nationally
representative health examination survey was performed on a
randomised, stratified sample. Stratification was affected by age
(18–70 years), gender and town, with individuals selected from
across all towns within the Maltese Islands. The sample popula-
tion under study represented approximately 1% of each town’s
adult population. Blood tests performed as part of the health
survey included fasting blood glucose (FBG), low-density lipo-
protein cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), triglycerides (TG) and total cholesterol (TC). Informed
written consent was obtained from every participant. Ethical and
data protection approvals were granted from the University of
Malta Research Ethical Committee (UREC) and the Information
and Data protection national commissioner respectively.

The segment of the study population obtaining a dyslipid-
aemic status (high LDL-C + high triglycerides + low HDL-C
levels) at the time of the health examination survey was la-
beled as uncontrolled dyslipidaemia. The dyslipidaemia status
was defined as an elevated LDL-C of ≥3 mmol/l, an elevated
triglyceride (TG) level of ≥1.69 mmol/L and a low HDL-C
level of ≤1.03 mmol/L for males and ≤ 1.29 mmol/L for fe-
males [5, 20, 21]. The label of global dyslipidaemiawas given
to the proportion of the study population that reported to be on
statin medication irrespective of current measured lipid pro-
file, in combination with those participants that were found to
have dyslipidaemia during the health examination survey but
were not on statin medication. Therefore, this population
(global dyslipidaemia) was hypothesized to represent the
whole Maltese dyslipidaemic population with potential ath-
erogenic changes and susceptibility to dysglycaemia.

The study population was subdivided into four glucose
regulatory subgroups, namely normoglycaemia, impaired
fasting glucose (IFG), newly diagnosed diabetes mellitus
(NDM) and previously known diabetes mellitus (KDM) sub-
groups. This was performed in order to represent a continuum
in the transition from normal to disordered glucose metabo-
lism, which enabled a more accurate biochemical analyses
across the glucose transition. The subdivision was based on
the fasting blood glucose results obtained during the health
examination survey while incorporating any self-reported his-
tory of diabetes mellitus. Those participants obtaining a
fasting blood glucose (FBG) level between 5.6–6.9 mmol/L
and not reporting to be on oral hypoglycaemic agents were
labeled as Impaired Fasting Glucose (IFG). All IFG individ-
uals reported to have not been aware of their dysglycaemia
before the health examination survey. Those participants with
a FBG> =7 mmol/L were labeled as Newly diagnosed diabe-
tes mellitus (NDM), provided they were not previously diag-
nosed as diabetics or were on oral hypoglycaemic agents [22].
Identifying newly diagnosed diabetics following a single
fasting blood glucose reading is a common practice in
population-based health examination surveys [23]. The
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participants with a previous history of diabetes mellitus or on
oral hypoglycemic agents, irrespective of their measured
fasting plasma glucose, were labeled as cases of known dia-
betes mellitus (KDM). Those individuals who did not fall
within these glucose dysglycaemic categories were considered
as having normoglycaemia.

The Kolmogorov-Smirnov test for normality confirmed
that the blood test measurements for the population were not
normally distributed. Statistical analyses using non-parametric
tests were performed using IBM SPSS version 21. The medi-
an and interquartile ranges (IQR) were calculated for the lipid
profile variables within each of the four-glycaemic subgroups.
The Kruskal-Wallis test was performed to establish any sig-
nificant differences between each lipid profile variable and the
corresponding glycaemic subgroup within the different dys-
lipidaemic populations (uncontrolled and global). Pairwise
comparisons (Dunn’s test) between the four-glycaemic sub-
groups for each dyslipidaemic population were performed.

Results

A total sample population of 3947 adults was included in the
study after weighting for non-responders (response rate of
49%, p = <0.05). The prevalence of high LDL-C levels was
51.25% (CI 95%: 49.69–52.81), that of high triglyceride
levels was 15.05% (CI 95%: 13.97–16.20) and that of high
cholesterol levels was 52.31% (CI 95%: 49.19–52.31) for the
entire population. The prevalence of uncontrolled
dyslipidaemia (high LDL-C + high TG + Low HDL-C) at the
point of the study was of 7.75% (CI 95%: 6.69–8.63). The
uncontrolled dyslipidaemia population was composed of
naïve dyslipidaemic individuals (n = 275) and individuals re-
ported to be on statins (n = 485) yet still with uncontrolled
dyslipidaemia during the examination (n = 31). Thus, the
7.75% of prevalent current uncontrolled dyslipidemia
consisted of a proportion with naïve dyslipidaemia - 6.97%
(CI 95%: 6.21–7.81) and a proportion of those with known
dyslipidaemia, on statins and yet uncontrolled - 0.79% (CI
95%: 0.55–1.12). The naïve dyslipidaemia sub-population
was predominantly male (76.73% CI 95%: 71.37–81.35) aged
between 30 and 70 years.

Considering that the uncontrolled dyslipidaemia popula-
tion was predominantly composed of naïve dyslipidaemic in-
dividuals, it was hypothesized that this population represented
the uncontrolled lipidaemia adult population of Malta who
remained mostly without dyslipidaemic awareness and with-
out the effect of statins.

Participants on statins may have been taking these due to
either a known dyslipidaemic status or else had been started as
a preventive measure following certain conditions such as
cardiovascular disease or at onset of diabetes mellitus [24].

Regrettably, data pertaining to the reason the participants were
on statins was not available.

The global dyslipidaemia population contributed to
19.26% (CI 95%: 18.05–20.52) of the total general popula-
tion. The global dyslipidaemic population was considered as
representative of the total adult population of Malta with a
dyslipidaemic status with or without statin medication at pop-
ulation level. This global dyslipidaemia population consisted
of the combination of individuals that were already on statin
treatment (n = 485, out of which n = 31 had uncontrolled
dyslipidaemia on examination) in addition to naïve cases
(n = 275).

Global dyslipidaemia was found to be present in 46.59%
(CI 95%: 40.49–52.69%) of this study population’s known
diabetes sub-population.

Both populations (uncontrolled and global dyslipidaemia)
were sub-categorised according to their glycaemic status that
was established during the health examination survey, as seen
in Table 1. For both the dyslipidaemic populations
(uncontrolled and global), the majority of the individuals ex-
hibited a normoglycaemic status (FBG <5.6 mmol/L with no
history of diabetes) with a female predominance, followed by
impaired fasting glucose (IFG) with a male predominance. As
expected, the newly diagnosed diabetic (NDM) subgroup ex-
hibited a slightly higher proportion with uncontrolled
dyslipidaemia when compared to previously known diabetics
(KDM). This follows the standard practice where statin ther-
apy is initiated with the onset of diabetes mellitus [25]. This
finding contrasted with the global dyslipidaemia sub--
population, where the KDM sub-group contributed a higher
proportion when compared to the NDM subgroup.

Table 2 illustrates the reported statin use across the different
glycaemic status sub-groups in relation to the two dyslipidae-
mic (uncontrolled and global) populations while being
contrasted with the general population. A progressive steady
increase in statin use was observed within the general popu-
lation across the glycaemic spectrum from normoglycaemia to
previously known diabetes mellitus. However, on evaluating
those with uncontrolled dyslipidaemia status, the IFG sub-
group individuals reported a predominance for statin medica-
tion. Interestingly 2.94% (CI 95%: 1.47–5.58) of the uncon-
trolled dyslipidaemic population was cognizant of their diabe-
tes mellitus status and were already on statins, yet still had
uncontrolled dyslipidaemia. The highest reported statin use
within the global dyslipidaemic population was amongst the
normoglycaemic sub-group, which coincides with the
established fact that the global dyslipidaemic population was
predominated by the normoglycaemic status.

Uncontrolled dyslipidaemia population

The median lipid profile components of the uncontrolled
dyslipidaemia population were evaluated across the
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glycaemic transition, from normoglycaemia to full-blown
known diabetes mellitus, as seen in Table 3. As expected the
new DM sub-group exhibited a significantly higher LDL-C
and total cholesterol levels when compared to all other
glycaemic status groups (except when total cholesterol was
compared to normoglycaemic sub-group). There was no sig-
nificant difference between the lipid profile components of the
normoglycaemic and the impaired fasting glucose sub-catego-
ries. On further sub-analysing the uncontrolled dyslipidaemia
population by gender, the female population showed a tenden-
cy for higher lipid profile components when compared to the
male proportion within the normoglycaemic (except for tri-
glycerides), NDM and KDM sub-groups, as seen in Table 4.

Global dyslipidaemia population

The median lipid profile components of the global
dyslipidaemic population across the glycaemic status are
shown in Table 5. The previously known diabetes (KDM)
dyslipidaemic sub-group exhibited significantly lower LDL-
C, triglycerides and total cholesterol levels when compared to
normoglycaemic, IFG and newly diagnosed (NDM) sub-

groups. Conversely, similarities were present across all lipid
profile components between normoglycaemic, IFG and NDM
dyslipidaemic sub-groups. On sub-analysing the global
dyslipidaemic population by gender, similarities between the
females and males were evident. However, across all the
glycaemic spectrum females exhibited significantly higher
HDL-C levels than did males, as seen in Table 6.

Uncontrolled dyslipidaemia vs. global dyslipidaemia
populations

On comparing the lipid profile components of the uncon-
trolled dylipidaemia population to the global dyslipidaemia
population, significant differences were found between the
lipid profile components across all the glycaemic status sub-
groups, as shown in Tables 3, 4, 5, and 6. The median LDL-C,
triglycerides and total cholesterol values were significantly
higher within the uncontrolled dylipidaemia population when
compared to the global dyslipidaemia population. This held
true also on gender stratification (p = <0.01 respectively). The
HDL-C median levels were significantly lower within the un-
controlled dylipidaemia population when compared to the

Table 1 Summarizes the different lipid status sub-population according to their glycaemic status

Population Glycaemic status

Normoglycemic IFG NDM KDM

Uncontrolled dyslipidaemia (n = 306) Total 49.35% 32.03% 9.48% 9.15%
Female (n = 77) 61.04% 28.57% 2.60% 7.79%
Male (n = 229) 45.41% 33.19% 11.79% 9.61%

Global dyslipidaemia* (n = 760) Total 40.39% 27.37% 10.39% 21.84%
Female (n = 285) 46.32% 26.32% 7.02% 20.35%
Male (n = 475) 36.84% 28.00% 12.42% 22.74%

Normal lipidaemia** (n = 1550) Total 75.74% 1.61% 7.16% 15.48%
Female (n = 824) 81.92% 1.21% 5.10% 11.77%
Male (n = 726) 68.73% 2.07% 9.50% 19.70%

General (n = 3947) Total 66.28% 23.44% 4.03% 6.31%
Female (n = 1949) 74.50% 18.57% 2.82% 4.16%
Male (n = 1998) 58.26% 28.18% 5.21% 8.41%

*Global dyslipidaemia – the combination of uncontrolled dyslipidemia found during health examination, controlled dyslipidaemia found during health
examination but on reported statin treatment

**Normal LDL-C + Triglycerides + HDL-C

IFG, Impaired fasting glucose; NDM, Newly diagnosed diabetes mellitus; KDM, Previously known diabetes mellitus

Table 2 Summarises the reported
statin uses across the different
glycaemic status, by the different
lipidaemia populations under
study

Populations Glycaemic status - reported to be on statins Total on statin

Normoglycemic IFG NDM KDM

Uncontrolled dyslipidaemia (n = 306) 1.63% 4.90% 0.65% 2.94% 10.13%

Global dyslipidaemia* (n = 760) 21.18% 16.45% 6.71% 19.34% 63.68%

Normal lipidaemia (n = 1550) 4.97% 0.77% 5.42% 2.58% 13.74%

General (n = 3947) 6.15% 13.51% 32.08% 59.44% 12.29%

*Global dyslipidaemia – the combination of uncontrolled dyslipidemia found during health examination, con-
trolled dyslipidaemia found during health examination but on reported statin treatment
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global dyslipidaemia population, even after gender stratifica-
tion (p = <0.01 respectively). Of note was the fact that the
global dyslipidaemia population was significantly older (in
years) when compared to the uncontrolled dylipidaemia
population.

Discussion

Dyslipidemia is a physiological occurrence in the presence of
insulin resistance with or without the presence of
hyperglycaemia [26, 27]. Lipoprotein abnormalities typically
initiate in the pre-diabetic state [28]. In our study, the highest
population proportion contributing to both the uncontrolled
and global dyslipidaemic populations were found to have
normoglycaemic status. However, when compared, the
normoglycaemic and the IFG (pre-diabetes) lipid profile com-
ponents were found to be similar with both exhibiting a high
triglyceride level. This may suggest underlying insulin resis-
tance that will lead to a shift from normoglycaemia to
dysglycaemia in a matter of time even though the current
FBGwas within the normal range. In fact, it has been reported
that dysregulation of lipids indicates underlying pathophysio-
logical abnormalities such as insulin resistance and abdominal
obesity which contribute to hyperinsulinaemia. This in turn
leads to hyperglycaemic status and enhances hepatic gluco-
neogenesis and glucose output. Furthermore, a reduction in
the suppression of adipose tissue lipolysis occurs resulting in
an eventual hypertriglyceridemia and reduced HDL-C levels
[29]. In our study, the body mass indexes (BMI) of both the
normoglycaemic and IFG sub-groups were found to have
comparable obesity states, which further supports the fact that
insulin resistance may have been present. It is a well-known
fact that both insulin resistance and obesity are features of the
metabolic syndrome that is involved in both the lipid and
glucose metabolism [21, 30].

The uncontrolled dyslipidaemia population lipid compo-
nents showed a progressive median incline across the
glycaemic spectrum (Normoglycaemia-IFG vs. NDM) for
both the LDL-C and total cholesterol levels but not for triglyc-
erides. The triglyceride levels across the glycaemic spectrum,
although elevated, did not show any significant changes
across the glycaemic spectrum, which is not in keeping with
the literature [31].

Considering that the pre-diabetic subgroup (IFG) within our
study reported to have not been previously aware of their
dysglycaemia; it can be hypothesized that the use of statins
(within this subgroup) prior to their knowledge of dysglycaemia
suggests that diabetic dyslipidaemia had already started to devel-
op and supports the literature in that lipoprotein changes occur in
the pre-diabetic state [28]. In fact, this observation was further
supported by the progressive statin usage trend across the
glycaemic spectrum within our study population. It is

documented that as dysglycaemia appears more evident, so too
does dyslipidaemia and/or related co-morbidities such as cardio-
vascular disease [32]. For this reason, initiating statin therapy as a
preventive measure against dyslipidaemic complications is a
common practice along with lifestyle management for newly
diagnosed diabetics [24]. It is important to note that lower lipid
profile component targets are set for certain conditions, such as
in dysglycaemic individuals [5]. However, a considerable num-
ber of individuals treated with statins do not achieve the treat-
ment goal values envisaged by physicians. This could be ob-
served in our study, where a percentage of previously known
diabetic individuals were found to have uncontrolled dyslipidae-
mic despite their statin medication [3]. One possible reason for
the presence of uncontrolled dyslipidaemia in this group is non-
adherence to medication. This is a common public health chal-
lenge with as many as 50% of patients discontinuing their med-
ications within a year of initial prescription [33, 34]. Such prac-
tices could result in long-term complications, co-morbidities and
premature mortality, which also incur additional costs to the
health care system [35]. This non-adherence to medication
may explain why not every previously known diabetic individ-
ual attending our study reported to be on statin medication. This
follows the fact that it is of standard practice in Malta and inter-
nationally that all newly diagnosed diabetic individuals are
started on lifestyle modifications followed by statin treatment
[25, 36]. It appeared that within our KDM population, the males
were even less adherent to their medication when compared to
their female counterparts as age progressed. Conversely, non-
adherence to medication was reported to be multi-factorial and
gender-specific [37, 38]. However, the lack of data on the het-
erogeneity of statin dose among the compliant participants may
have had an effect on the study’s outcome.

Conclusions

Understanding the dylipidaemic pathophysiology with its
early onset prior to the development of any co-morbid-
ities, including dysglycaemia, is essential. Our study pro-
vides the evidence that dyslipidaemia predominates in
normoglycaemic states irrespective of statins use, with
those on statin medications having lower lipid profile
components. Initiating educational outreaches to the pop-
ulation to undergo medical check-ups for the presence of
dyslipidaemia, especially in high-risk populations, is es-
sential. Physicians should supplement lifestyle modifica-
tion with statin therapy depending on the plasma lipid
profile results. Managing dyslipidaemia in its early stages,
prior to the presence of dysglycaemia should be the norm
according to current clinical guidelines. This could pre-
vent co-morbidities including diabetes and cardiovascular
diseases from developing, as well as lowering related
mortality rates.
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Study limitations

The study has the usual temporal limitations associated with
cross-sectional studies i.e. it is unable to predict the exposure,
disease onset and outcome time relationships because both
have been collected at the same time. Establishing a diagnosis
of diabetes mellitus following a single fasting blood glucose
has been reported to be satisfactory for an epidemiological
study, such as this one. However, such a protocol could have
erroneously diagnosed a proportion of pre-diabetic individuals
as newly diagnosed diabetics since a second confirmatory test
was not conducted. Data on the type and dose of statin thera-
py, as well as the reason for statin prescription were not avail-
able and therefore could not be taken into consideration during
data analysis and interpretation. Oral glucose tolerance testing
was not conducted as part of the population health examina-
tion survey and therefore impaired glucose tolerance (IGT)
status could not considered as part of the pre-diabetes status
in this study. Furthermore, since this data is self-reported,
human error in drug medication reporting as well as regarding
drug compliance to medication could have been in place. A
small sample population in certain sub-groups could have had
an effect on the power of the statistical comparisons and anal-
ysis and led to type 1 errors.
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