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Introduction

The metabolic syndrome is the term used to describe a
clustering of risk factors for cardiovascular disease
(CVD): high triglycerides, low high-density lipoprotein
(HDL), hypertension, hyperglycemia/insulin resistance
and abdominal obesity [1]. The underlying premise of
the metabolic syndrome requires that individuals should
have at least one measurement/assessment for each of
the five components; individuals are then defined as
having the metabolic syndrome if at least three of the
five components are present. In the general population,
the prevalence of the metabolic syndrome increases
with older age. In HIV infection, dyslipidaemia and
alterations in glucose homeostasis are often observed,
both as a consequence of exposure to antiretroviral
drugs and due to dietary and lifestyle factors [2–4].
Prior studies [5–8] have reported that the composition
of the components making up the metabolic syndrome
differs in HIV-infected individuals compared with the
general population, with hypertriglyceridemia and low
HDL cholesterol being predominant features in HIV
metabolic syndrome. Furthermore, the metabolic
syndrome has several features in common with the
lipodystrophy syndrome observed in HIV-infected
individuals, including insulin resistance, dyslipidaemia
and fat redistribution [9].

The application of the metabolic syndrome to an
observational research setting may be complicated by
the presence of missing data and/or measurement
variability. Several HIV studies [5,8,10,11–13] have
explored the prevalence of the metabolic syndrome, very
often without presenting information on how they dealt
with these issues. However, both factors are likely to have
an impact on the estimated prevalence of the metabolic
syndrome. Therefore, the aim of this study is to explore
differences in the reported prevalence of the metabolic
syndrome when these factors are incorporated into
statistical analyses.
Methods

Study population
The Data Collection on Adverse Events of Anti-HIV
Drugs (D:A:D) study is a prospective, observational study
formed by the collaboration of 11 cohorts following
33 347 HIV-infected individuals at 212 clinics in Europe,
Australia and the United States. The primary objective of
the study is to investigate the possible association between
combination antiretroviral therapy (cART) and the risk of
myocardial infarction (MI). The D:A:D study method-
ology has been described in detail elsewhere [14,15].
Secondary objectives include the assessment of other risk
factors for CVD in this population, including the
metabolic syndrome [16].
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Data collection
Patients are followed prospectively during visits to
outpatient clinics scheduled as a part of regular medical
care. At enrolment and at least every 8 months thereafter,
standardizeddata collection forms are completed at the sites
providing information concerning family history of
coronary heart disease, prior history of CVD and diabetes,
cigarette smoking, blood pressure (BP), lipid-lowering and
antihypertensive therapy, the presence of clinical signs of
lipodystrophy and serum lipid levels (total cholesterol,
HDL cholesterol, triglycerides and information on fasting
conditions), as well as HIV-related information (antiviral
therapy, CD4 cell counts, HIV viral loads and dates of
diagnoses of all AIDS-defining diseases).

Statistical methods
We described the prevalence of the metabolic syndrome
among patients under follow-up in the cohort at the end
of each calendar period (2000–2001, 2002, 2003, 2004,
2005 and 2006–2007) and changes in the relative
contribution of each of the metabolic syndrome
components over these six periods.

Among patients who were not known to have the
metabolic syndrome at study enrolment, we then
described the incidence of the metabolic syndrome over
time using multivariable Poisson regression models
(GENMOD procedure, SAS software, version 9.1;
SAS Institute Inc., Cary, North Carolina, USA).
Follow-up time was counted from the date of study
entry to the date when the patient first met the criteria
for the metabolic syndrome, death, 1 February 2007 or
6 months after the patient’s last clinic visit, whichever
occurred first. As the main analyses assumed that the
metabolic syndrome was irreversible, only one period of
follow-up was included for each patient in these analyses.
As with other analyses from the D:A:D study, to fit these
models, each person’s follow-up was divided into a series
of consecutive 1-month periods, and a patient’s covariate
data were updated at the start of each month.

Definition of the metabolic syndrome
For our main analyses (definition 1), we considered a
modified National Cholesterol Education Program
(NCEP) definition of the metabolic syndrome [1], which
incorporates five criteria: triglycerides of at least
1.7 mmol/l, HDL of 1.0 mmol/l or less in men and of
1.3 mmol/l or less in women, hypertension (SBP
>130 mmHg or DBP >85 mmHg), BMI of more than
30 kg/m2 as a surrogate for waist circumference and a
diagnosis of diabetes mellitus replacing fasting glucose. A
patient was defined as having the metabolic syndrome on
the first date when at least three of the five components
were present. As these data were collected as a part of
routine medical care, information on some components
of the metabolic syndrome may have been missing at
times; for the purposes of our main analyses, where
information was missing for an individual on any
rized reproduction of this article is prohibited.
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Table 1. Characteristics of individuals at entry in the Data
Collection on Adverse Events of Anti-HIV Drugs study.

Total number of patients 33 347 (100.0)
Male sex; n (%) 24 692 (74.0)
Mode of infection; n (%)

Homosexual/bisexual 14 376 (43.1)
IDU 5951 (17.9)
Heterosexual 10 047 (30.1)
Other/unknown 2973 (8.9)

Race; n (%)
White 14 890 (44.7)
Black 3470 (10.4)
Other 978 (2.9)
Unknown 14 009 (42.0)

Median age, years (IQR) 38 (33-45)
Diagnosed with AIDS; n (%) 8214 (24.6)
Current smoker; n (%) 11 316 (33.9)
Ex-smoker; n (%) 5617 (16.8)
Any exposure to; n (%)

PIs 19 332 (58.0)
NNRTIs 11 063 (33.2)
NRTIs 24 299 (72.9)

Previous CVD; n (%) 523 (1.6)
Components of the MS; n (%)a

Triglycerides 15 759 (47.3)
HDL 10 038 (30.1)
BMI 1705 (5.1)
Hypertension 5291 (15.9)
DM 952 (2.9)

Met definition of the MS; n (%) 2439 (7.3)

CVD, cardiovascular disease; DM, diabetes mellitus; HDL, high-
density lipoprotein; IQR, interquartile range; MS, metabolic syn-
drome; NNRTI, nonnucleoside reverse transcriptase inhibitor; NRTI,
nucleoside reverse transcriptase inhibitor; PI, protease inhibitor.
aWhere data were missing, it was assumed that the component was
absent; thus, the denominator for all percentages was 33 347.
component of the definition, that component was
assumed to be absent. Furthermore, for these main
analyses, the various components of the metabolic
syndrome were assumed to be irreversible; thus, once
an individual had met one of the five criteria, it was
assumed that the individual would always meet
those criteria.

We then compared the results from the analysis using
definition 1 with those obtained when the definition was
modified to deal with missing data and/or measurement
variability. In particular, we considered the following
modifications to the definition. First, the use of lipid-
lowering therapy (LLT) was treated as an equivalent
criterion to triglycerides or HDL in the definition, with
the restriction that each patient could meet a maximum of
two lipid criteria (i.e. if a patient met the triglycerides,
HDL and LLT criteria, then the patient would still only
be considered as meeting two of the five metabolic
syndrome criteria). Similarly, the use of antihypertensive
medication was treated as an equivalent criterion to high
SBP or DBP when assessing the criteria for hypertension
(definition 2). Second, we explored the effect of missing
data on our conclusions, by only including follow-up that
occurred while a patient had complete information on at
least three of the five metabolic syndrome components
(definition 3). Third, our analyses of trends over time
were repeated after assuming that the lipid and
hypertension components of the metabolic syndrome
could be reversible; thus, if a patient experienced a drop
in triglycerides or BP below the threshold, or an increase
in HDL above the threshold, irrespective of the cause,
they no longer met those criteria (definition 4). Fourth,
we modified the definition of the metabolic syndrome
further to ensure that all measurements (triglycerides,
HDL cholesterol or BP) had been done in the previous
year; if a patient did not have a measurement within any
1-year period, this information was assumed to be missing
until a new measurement became available (the require-
ment that patients had information on at least three of the
five components was also applied here, definition 5).
Fifth, as the laboratory components of the metabolic
syndrome may be subject to considerable measurement
variability, we re-ran our main analyses (irreversible
metabolic syndrome, missing¼ absent) after requiring
that at least two consecutive measurements were required
to be above (or below) each threshold before that
criterion was met (definition 6).
Results

The prevalence of the metabolic syndrome at
entry in the Data Collection on Adverse Events of
Anti-HIV Drugs study
The main characteristics of the 33 347 individuals
included in the D:A:D study and the components of
opyright © Lippincott Williams & Wilkins. Unauth
the metabolic syndrome that were present at study entry
are shown in Table 1. At study entry, 15 759 (47.3%)
individuals were known to have high triglycerides, 10 038
(30.1%) had low HDL cholesterol, 5291 (15.9%) had
hypertension, 1705 (5.1%) had high BMI and 952 (2.9%)
had a diagnosis of diabetes mellitus. Overall, 2439 (7.3%)
individuals met the criteria for the metabolic syndrome at
study entry. Of the 33 347 patients in the study, 523
(1.6%) had already experienced a cardiovascular event
prior to study entry.

The prevalence of the metabolic syndrome by
calendar year
Between 23 853 and 28 661 individuals were under
follow-up in the D:A:D study in the six calendar periods.
Among all patients under follow-up, the proportion of
individuals with each component of the metabolic
syndrome increased over time (Table 2). As a result,
the proportion of patients with the metabolic syndrome
(definition 1) also increased from 19.4% of those under
follow-up in 2000/2001 to 41.6% of those under follow-
up in 2006/2007. Among those with the metabolic
syndrome, the majority of patients met the triglycerides,
HDL and hypertension criteria; the relative importance
of these components of the metabolic syndrome
remained similar over time, although the proportion of
patients meeting the hypertension and triglycerides
orized reproduction of this article is prohibited.
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Table 2. Individuals under follow-up in the Data Collection on Adverse Events of Anti-HIV Drugs study, the proportion of individuals meeting
each of the metabolic syndrome criteria (definition 1) and the proportion with the metabolic syndrome at the end of each calendar period.

Calendar perioda

Up to end of 2000/2001 2002 2003 2004 2005 2006/2007

Number of patients under follow-up 24 349 26 615 28 449 28 661 26 265 23 853
% of patients under follow-up with

DM 1008 (4.1) 1140 (4.3) 1303 (4.6) 1344 (4.7) 1275 (4.9) 1245 (5.2)
BMI 1469 (6.0) 1796 (6.8) 2094 (7.4) 2323 (8.1) 2343 (8.9) 2288 (9.6)
Triglycerides 16 325 (67.1) 18 283 (68.7) 19 728 (69.4) 20 842 (72.7) 19 894 (75.7) 18 826 (78.9)
HDL 11 660 (47.9) 13 671 (51.4) 15 531 (54.6) 16 896 (59.0) 16 099 (61.3) 15 583 (65.3)
Hypertension 7243 (29.8) 9069 (34.1) 10 670 (37.5) 12 429 (43.4) 12 634 (48.1) 12 998 (54.5)

n (%) with MS 4712 (19.4) 6328 (23.8) 7647 (26.9) 9121 (31.8) 9418 (35.9) 9913 (41.6)
% of patients with the MS with

DM 706 (15.0) 850 (13.4) 1034 (13.5) 1120 (12.3) 1073 (11.4) 1098 (11.1)
BMI 790 (16.8) 1013 (16.0) 1223 (16.0) 1408 (16.1) 1564 (16.6) 1652 (16.7)
Triglycerides 4639 (94.4) 6238 (98.6) 7538 (98.6) 9007 (98.8) 9314 (98.9) 9810 (99.0)
HDL 4447 (94.4) 60 221 (95.2) 7294 (95.4) 8736 (95.8) 9021 (95.8) 9502 (95.9)
Hypertension 4300 (91.3) 5891 (93.1) 7167 (93.7) 8643 (94.8) 8973 (95.3) 9526 (96.1)

DM, diabetes mellitus; HDL, high-density lipoprotein; MS, metabolic syndrome.
aModel assuming that MS is irreversible, and where information on components of the MS is missing, then these components are absent.
criteria increased slightly from 91.3 to 96.1% and from
94.4 to 99.0%, respectively, over the study period,
whereas the proportion meeting the diabetes mellitus
criteria dropped from 15.0 to 11.1%.

The overall trends in the prevalence of the metabolic
syndrome in the six calendar periods, according to the
different definitions, are shown in Table 3. For all
definitions, there was an increasing prevalence of the
metabolic syndrome over time, although the prevalence
estimates themselves varied widely. For example, when
the definition of the metabolic syndrome was modified to
include the use of LLT and antihypertensive medication
(definition 2), the proportion of patients who met the
criteria for the metabolic syndrome each year increased
pyright © Lippincott Williams & Wilkins. Unautho

Table 3. Proportion of individuals meeting each definition of the metabo
analytical approach used.

Study entry 2000/200

Definition 1: Main analyses
Number of patients included in analysis 33 347 24 349
% meeting the definition 7.3 19.4

Definition 2: Inclusion of LLT and antihypertensive medications
Number of patients included in analysis 33 347 24 349
% meeting the definition 8.7 21.2

Definition 3: Information required on �3 of 5 components
Number of patients included in analysis 27 853 22 504
% meeting the definition 8.8 20.9

Definition 4: Components reversible, missing¼ absent
Number of patients included in analysis 33 347 24 349
% meeting the definition 5.5 9.6

Definition 5: Components reversible, laboratory measurements in the prev
Number of patients included in analysis 27 310 20 282
% meeting the definition 6.2 9.2

Definition 6: Two consecutive laboratory values above (below) threshold
Number of patients included in analysis 33 347 24 349
% meeting the definition 4.0 9.8

LLT, lipid-lowering therapy.
slightly (e.g. from 19.4 to 21.2% in 2000/2001 and from
41.6 to 44.1% in 2006/2007), but the trends remained
similar. In contrast, when allowing the criteria of the
metabolic syndrome to be reversible (definition 4), the
proportion of individuals who were identified as meeting
the criteria of the metabolic syndrome was substantially
lower than in other analyses, although the increasing
trend over time remained apparent. Finally, when we
required each individual to have two consecutive values
above (or below) each threshold to meet the laboratory
criteria (definition 6), the proportion with the metabolic
syndrome increased from 9.8% in 2000/2001 to 21.1% in
2006/2007. The trends over time were weakest in
definitions that allowed the components of the metabolic
syndrome to be reversible, presumably reflecting the
rized reproduction of this article is prohibited.

lic syndrome in each of the six calendar periods, according to the

Calendar period

1 2002 2003 2004 2005 2006/2007

26 615 28 449 28 661 26 265 23 853
23.8 26.9 31.8 35.9 41.6

26 615 28 449 28 661 26 265 23 853
25.7 29.0 34.1 38.2 44.1

24 662 26 399 27 158 25 036 22 942
25.7 29.0 33.6 37.6 43.2

26 615 28 449 28 661 26 265 23 853
10.8 11.2 12.7 13.7 15.3

ious 12 months
23 552 25 598 26 651 24 758 22 721
10.1 10.2 11.2 11.8 11.7

26 615 28 449 28 661 26 265 23 853
12.0 13.8 16.4 18.6 21.1
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natural variability of some of these measurements (lipids
were often measured in nonfasting conditions) and the
impact of the increasing use of LLT and antihypertensive
medication and potentially the switching of antiretrovir-
als. Overall, the relative importance of each component
of the metabolic syndrome remained similar for all
definitions (data not shown), although the nonlaboratory
components of the metabolic syndrome (i.e. diabetes
mellitus and BMI) were relatively more frequent when
using definitions that allowed the laboratory components
of the metabolic syndrome to be reversible.
Discussion

Reports of the metabolic syndrome amongst HIV-
infected individuals have been relatively small and of
cross-sectional design [6,7,10,12]. Large differences in
prevalence of the metabolic syndrome in HIV-infected
individuals have been published. Our findings are similar
to other European estimates in patients of similar age
[8,11,12]. Until now, studies have compared the different
established definitions of the metabolic syndrome, often
focusing on the definitions proposed by the NCEP and
the International Diabetes Federation (IDF). These
studies have reported that more patients were identified
with the metabolic syndrome when the NCEP definition
was used [6,17]. However, it is well known that
observational datasets may often be affected by missing
data and several components of the metabolic syndrome
are based on laboratory measurements that are known to
exhibit variability. It is likely that currently published
studies differ in the way in which the definitions of the
metabolic syndrome are applied in the presence of missing
and/or variable data, but to our knowledge, the impact of
these factors on the reported prevalence of the metabolic
syndrome has not been described. Finally, there is no
consensus about the way in which lipid-lowering and/or
antihypertensive medications should be incorporated into
definitions of the metabolic syndrome.

The D:A:D study has the strength of including more than
33 000 patients and is the largest study to date which has
prospectively collected information on CVD risk factors
in HIV-infected individuals. However, in common with
all observational studies, the collection of data may be
limited by missing data. Furthermore, as lipid and BP
measurements are collected as a part of routine clinical
care, there may be many sources of variation in these
markers. By using different analytical approaches in this
study, we identified several methodological challenges in
our attempt to evaluate the change in prevalence of the
metabolic syndrome over time.

Although our main analysis showed a considerable rate of
progression of metabolic syndrome over the 6 years from
19.4 to 41.6%, this increase could represent a combi-
opyright © Lippincott Williams & Wilkins. Unauth
nation of aging of the cohort: an increased awareness, in
general (and in this cohort, in particular), towards
increased monitoring of dyslipidaemia and of hyperten-
sion, that is, persons are now better screened for the
components of the metabolic syndrome. However, other
factors also need to be taken into account.

Although our main analyses have applied the definition
of the metabolic syndrome that is in current use, in
clinical practice, it is unlikely that a diagnosis of the
metabolic syndrome would be based on a single abnormal
laboratory measurement only (an abnormal measure-
ment would most often be followed by a confirmatory
measurement), and likewise, a diagnosis of diabetes
mellitus would also be based on repeated measurements
of fasting glucose. By requiring this more ‘strict’
definition of the metabolic syndrome – and thereby
allowing for some of the known biological variation
within lipids – we required (using definition 6) that the
metabolic syndrome definition could only be fulfilled if
an individual had two consecutive laboratory values
above or below each threshold. In doing this, we
increased the likelihood that each laboratory measure-
ment was really abnormal and reduced the chance that
a patient had met a particular metabolic syndrome
criterion simply following an on–off high (or low)
measurement for that value. As a result, the apparent
prevalence of the metabolic syndrome was half of that
reported in our main analysis. A similar effect was noticed
when we allowed the components of the metabolic
syndrome to be reversible (definition 4). With this
approach, there was almost no increase in prevalence
throughout the study period. This probably reflects the
fact that many high-risk patients started LLT, and as a
result, their lipids were reduced to a level such that they
no longer met the criteria for the metabolic syndrome.

Because of the increasing use of LLTand antihypertensive
drugs amongst HIV-infected individuals [12,18], and a
recent update of the NCEP III guidelines from the
American Heart Association [19], we also repeated the
analyses after modifying our definition of the metabolic
syndrome to allow for the use of these drugs (definition
2). In particular, following recommendations by Gotto
et al. [20], the use of LLT was treated as an equivalent
criterion to triglycerides or HDL, and the use of
antihypertensive medication was treated as an equivalent
criterion to high SBP or DBP when assessing the criteria
for hypertension. As suspected, this approach led to an
increase in metabolic syndrome prevalence throughout
the study period, that is, an increase of around 2.5% in
each year compared with the main analysis, resulting in
our highest estimates of the prevalence. One study from
the background population has included LLT in a similar
manner: among patients with established CVD, an
additional 7% were identified with the metabolic
syndrome when including LLT use in the definition
[21–23].
orized reproduction of this article is prohibited.
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Limitations
By using diabetes mellitus diagnosed under prospective
follow-up instead of fasting glucose values, we get a
rather conservative estimate of the prevalence and
might underestimate the prevalence of the metabolic
syndrome as well as the contribution of diabetes
mellitus to the risk of the metabolic syndrome. Others
have shown a much higher prevalence of impaired
fasting glucose of above 20% [12]. As the D:A:D study
does not collect waist circumference, we used increased
BMI in place of this component of the metabolic
syndrome, as in other studies [24]. The use of BMI may
have resulted in lower estimated effects compared with
waist circumference because BMI includes total fat
mass. Furthermore, the lipodystrophic changes with
central fat accumulation and loss of peripheral
subcutaneous fat may underestimate the prevalence
of the metabolic syndrome, as these patients might have
a normal BMI and might not be sufficiently captured
by our modified NCEP definition. Our information on
the fasting conditions for the measurements of lipids
were available in only around 60% of patients, and as a
result, we may have overestimated the contribution of
these components.

Conclusion
Our main analysis, assuming that the metabolic syndrome
is irreversible, suggested an increasing prevalence of the
metabolic syndrome in the D:A:D study from 19.4% in
2000 to 41.6% in 2006/7. However, other suggested
definitions did not confirm the dramatic increase in
prevalence over time. We believe that some of this
increase is most likely an artifact representing a
combination of aging of the cohort and an increased
awareness towards screening for the components of the
metabolic syndrome. Additionally, it is questionable
whether the underlying assumption of the metabolic
syndrome on the basis of one single measurement being
irreversible is correct [25]. For the assessment of the
metabolic syndrome in observational cohort studies, we
would recommend that the definition of the metabolic
syndrome requires that at least two consecutive measure-
ments of each of the laboratory components are abnormal
before the individual is allowed to meet that criterion.
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Ayayi, V. Lavignolle, E. Balestre, M.J. Blaizeau, M.
Decoin, A.M. Formaggio, S. Delveaux, S. Labarerre, B.
Uwamaliya, E. Vimard, L. Merchadou, G. Palmer, D.
Touchard, D. Dutoit, F. Pereira, B. Boulant; Participat-
ing physicians (city): J. Beylot, P. Morlat, N. Bernard,
M. Bonarek, F. Bonnet, B. Coadou, P. Gelie, D.
rized reproduction of this article is prohibited.



C

CE: Swati; QAD/202043; Total nos of Pages: 9;

QAD 202043

The metabolic syndrome over time Worm et al. 7
Jaubert, C. Nouts, D. Lacoste, M. Dupon, H. Dutronc,
G. Cipriano, S. Lafarie, I. Chossat, J.Y. Lacut, B. Leng,
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