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Background: With the emergence of new lipid-lowering therapies, more patients are expected
to achieve substantial lowering of low-density lipoprotein cholesterol (LDL-C). However,
there are limited data examining the clinical experience of patients with low (<1.3 mmol/L)
or very low (<0.65 mmol/L) levels of LDL-C. To provide information on patients with low
LDL-C, we identified and characterized persons with low LDL-C using data from Danish
medical databases.

Methods: Using a population-based clinical laboratory database, we identified adults with
at least one LDL-C measurement in northern Denmark between 1998 and 2011 (population
approximately 1.5 million persons). Based on the lowest measurement during the study period,
we divided patients into groups with low (<1.3 mmol/L), moderate (1.3-3.3 mmol/L), or high
(>3.3 mmol/L) LDL-C. We described their demographic characteristics, entire comorbidity
history, and 90-day prescription history prior to the lowest LDL-C value measured. Finally, we
further restricted the analysis to individuals with very low LDL-C (<0.65 mmol/L).

Results: Among 765,503 persons with an LDL-C measurement, 23% had high LDL-C, 73%
had moderate LDL-C, and 4.8% had low LDL-C. In the latter group, 9.6% (0.46% of total) had
very low LDL-C. Compared with the moderate and high LDL-C categories, the low LDL-C
group included more males and older persons with a higher prevalence of cardiovascular dis-
ease, diabetes, chronic pulmonary disease, ulcer disease, and obesity, as measured by hospital
diagnoses or relevant prescription drugs for these diseases. Cancer and use of psychotropic
drugs were also more prevalent. These patterns of distribution became even more pronounced
when restricting to individuals with very low LDL-C.

Conclusion: Using Danish medical databases, we identified a cohort of patients with low
LDL-C and found that cohort members differed from patients with higher LDL-C levels. These
differences may be explained by various factors, including prescribing patterns of lipid-lowering
therapies.

Keywords: cross-sectional study, hyperlipidemia, registries, statins

Introduction

Epidemiological studies have demonstrated a log-linear direct relationship between
low-density lipoprotein cholesterol (LDL-C) concentration and cardiovascular disease
risk.'? A review of primary and secondary intervention trials showed that statins, the
mainstay of lipid-lowering therapy, reduce LDL-C levels by 30%—50%, thereby lower-
ing the relative risk of cardiovascular disease by approximately 30%, regardless of pre-
treatment LDL-C level.! Nevertheless, in everyday clinical practice, the effectiveness
of statins is limited'* due to noncompliance, discontinuation because of intolerance
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and/or physicians’ unawareness of current guidelines,' or a
possible suboptimal effect of current therapies.*

Emerging therapies may allow for improved lower-
ing of LDL-C over the effects observed with established
lipid-lowering agents. For instance, monoclonal antibodies
against proprotein convertase subtilisin kexin (PCSK) type 9,
a protein involved in LDL-C receptor recycling, are promis-
ing new agents with lipid-lowering properties.'* In random-
ized trials, a reduction in LDL-C ofup to 75% was observed
when these agents were administered as monotherapy or in
combination with statins to patients at high risk of cardiovas-
cular disease.'” It is therefore expected that a greater number
of treated patients will attain low (<1.3 mmol/L, ~50 mg/dL)
or very low (<0.65 mmol/L, ~25 mg/dL) LDL-C levels.’
Because cholesterol plays an important role in human
physiology, it is plausible that persistently low LDL-C may
confer various adverse effects.! A number of studies have
reported associations between low LDL-C and increased risk
of cancer,**!" hemorrhagic stroke,>'* neurodegenerative'
and psychiatric diseases,'* and non-cardiovascular death.
However, limitations such as potential reverse causation'’
and use of only single/baseline LDL-C measurements pre-
clude firm conclusions about the risks associated with low
LDL-C.#141617 Also, given the effectiveness of currently
available lipid-lowering therapies, few patients reach and
maintain low or very low levels of LDL-C, which limits the
ability to study the impact on health outcomes.

Considering the potential introduction of PCSK type 9
inhibitors, the scarcity of observational data on low LDL-C
calls for identification and characterization of patients with
low LDL-C in the premarketing environment. Specifically,
there is a need for estimates of the background occurrence
of events of interest and for ways to identify potential con-
founders for safety monitoring or comparative effectiveness
studies. The objective of the current study was to identify
and characterize persons with low LDL-C using data from
the Danish medical databases.

Materials and methods

Setting

The Danish National Health Service provides tax-funded
medical care for all Danish residents.'® Health services
provided are registered in various medical databases using
the unique Civil Personal Register (CPR) number assigned
to all Danish residents by the Civil Registration System
since 1968.'% Using registry data, we conducted the current
study in the North and Central Denmark regions (henceforth
collectively called northern Denmark). In the first quarter of

2011, the total adult population of northern Denmark was
1,463,997 persons (source: http://statistikbanken.dk/). The
CPR number allowed for exact individual-level linkage of the

data from all sources.'® All registry codes used in the study
are listed in Table S1.

Study population

We identified all adults with at least one LDL-C measure-
ment (taken after their 18th birthday) recorded in the Clinical
Laboratory Information System (LABKA) research data-
base.!” The LABKA database collects results from routine
tests performed on all specimens submitted by hospitals,
general practitioners, and specialists for analysis at hospital-
based laboratories located in northern Denmark.'® The data-
base includes the patient’s CPR number, the test results, and
the date of testing. Types of tests are coded using the Inter-
national Nomenclature, Properties and Units (NPU) code
(http://www.labterm.dk/Enterprise%20Portal/ NPU_search.
aspx). In addition, for some analyses, a local analysis code is

recorded in addition to or instead of the NPU code. Hospitals
in the two regions began transferring data gradually to the
LABKA database in 1990, reaching complete geographi-
cal coverage in 1997 in the North Denmark region and in
2000 in the Central Denmark region.!” Based on a cross-
tabulation of LDL-C measurements and calendar time for
each region, registration in the Central Denmark region did
not appear as complete as that in the North Denmark region
until 2005, when taking their relative population sizes into
account (data not shown). To ensure high completeness
of the LDL-C data in this analysis, we included measure-
ments recorded between January 1, 1998 and December 31,
2011 in the North Denmark region and between January 1,
2005 and December 31, 2011 in the Central Denmark
region. The study population was restricted to persons with
uninterrupted residency in the study area during the study
period. We considered LDL-C measurements ranging from
>0 mmol/L to 10 mmol/L (inclusive); levels outside this
range were deemed implausible. The LABKA database may
contain records of measurements on the same time and date
in one individual; in such situations, we used the mean of
the measurements.

Categories of LDL-C levels

Based on the lowest LDL-C level measured during the
study period, we categorized the study population into
groups of low LDL-C (<1.3 mmol/L, ~50 mg/dL), mod-
erate LDL-C (1.3-3.3 mmol/L, ~50-128 mg/dL), or high
LDL-C (>3.3 mmol/L, ~128 mg/dL). Within the low LDL-C
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group, we further identified individuals with very low LDL-C
(<0.65 mmol/L, ~25 mg/dL). The date of the lowest LDL-C
measurement during the study period was the index date.
Because we were interested in studying LDL-C levels that
are rarely seen in clinical practice, but may become more
common with the potential introduction of PCSK type 9
inhibitors,” our cutoff defining low LDL-C was lower than
in most previous studies on the topic.”%13-21-24

We defined persistence of low LDL-C as a sequence of
consecutive measurements, all showing low LDL-C, where
at least two measurements in the sequence were =10 days
apart and no two consecutive measurements were more
than 365 days apart. This definition was based on the 2006
Danish guidelines for treatment of dyslipidemia. These
guidelines recommend dietary changes as first-line treatment,
with assessment of lipid status 1-2.5 months following diet
initiation.? Insufficient effect of or compliance with the
dietary changes is an indication for addition of lipid-lowering
agents followed up with assessment of LDL-C levels within
4-12 weeks after treatment initiation and by checks at least
annually once the treatment goal has been achieved. Thus,
defining the LDL-C level in a period spanned by two con-
secutive measurements of low LDL-C, separated by no more
than 365 days, as persistently low was deemed sufficiently
broad to accommodate any changes in guidelines that may
have occurred during the study period. Furthermore, in a sen-
sitivity analysis, we extended the maximum period between
two consecutive low LDL-C measurements to 2 years. This
definition is likely to capture most repeat measurements,
because LDL-C is primarily measured in candidates for
receipt of lipid-lowering therapy for secondary prevention,
who consult their physician regularly as part of follow-up
for their primary disease.

The date for the first low LDL-C measurement in a series
of consecutively low LDL-C measurements was considered
the index date for the analysis of persistence. Thus, the index
date for the persistence analysis may differ from the analysis
based on first-time low LDL-C, because some individuals
had changing LDL-C levels and did not achieve a persistently
low LDL-C level until later in the study period (Figure 1).
For persons with several discrete periods of persistently low
LDL-C levels separated by a period of higher LDL-C levels,
we only considered the first persistently low period.

Patient characteristics

We used the Danish National Patient Registry (DNPR)* to
retrieve patients’ history of hospital encounters from birth
or DNPR establishment, whichever came last, until and

including the index date. The DNPR contains information
on all inpatient hospitalizations since 1977 and all hospital
specialist outpatient clinic and emergency room visits since
199526 Each record contains the patient’s CPR number, dates
of hospital encounters, and one or more discharge diagno-
ses, including a dedicated field for the primary diagnosis,
which represents the main reason for the hospital encounter.
Diagnoses were coded according to the International Clas-
sification of Diseases, Eighth Revision (ICD-8) during
1977-1993 and the Tenth Revision (ICD-10) thereafter. As a
measure of the comorbidity burden, we included the Charlson
Comorbidity Index (CCI).?” We expressed the severity of
comorbidity by using categories constructed based on the
CCI total score (low, 0; moderate, 1-2; and severe, 3+) and
by tabulating the 19 diseases in the index individually. We
also included comorbidities not captured by the CCI, namely,
angina pectoris, hypertension, stroke, venous thromboem-
bolism, hospital-diagnosed obesity, chronic kidney disease,
hypertensive nephropathy, infection, Parkinson’s disease,
anxiety, and affective disorders. For myocardial infarction,
angina pectoris, congestive heart failure, peripheral vascular
disease, cerebrovascular disease, and infection, we examined
recent history (events in the 180 days prior to the index date)
in addition to history since 1977.

The Aarhus University Prescription Database (AUPD)
collects data on all outpatient prescriptions reimbursed
to persons in the study area.’® All records in the AUPD
include the date of dispensing, the patient’s CPR number,
the Anatomical Therapeutic Chemical code, and the medi-
cation name, pack size, dose units, route of administration,
and manufacturer.”® We used the AUPD to identify current
use of the following medications as a measure of underly-
ing disease in the study population: lipid-lowering agents,
angiotensin-converting enzyme inhibitors, angiotensin
receptor blockers, beta-blockers, calcium channel blockers,
diuretics, combination antihypertensive tablets, nitrates,
anticoagulants (vitamin K antagonists, low molecular
weight heparin, thrombin inhibitors, and factor Xa inhibi-
tors), antiplatelet drugs (clopidogrel, dipyridamole, and
acetylsalicylic acid), antidiabetic drugs (oral and insulin),
antidepressants, antipsychotics, antiulcer drugs, systemic
glucocorticoids, and bisphosphonates. For all agents, we
defined current use as at least one redeemed prescription
within 90 days prior to the index date (inclusive).

Statistical analysis
First, we obtained the distribution of all lowest LDL-C mea-
surements in the study population. We then grouped patients
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Figure | lllustration of possible situations that may occur in the study given the definitions used. Red arrows mark measurements in the low LDL-C group, whereas black
arrows mark measurements at higher LDL-C levels. In (A), the first measurement is low and it is truly the first-ever measurement for this person. The index date for
the lowest LDL-C is also the same as in the persistence analysis, because persistence is achieved immediately. In (B), the lowest LDL-C does not correspond to the first
measurement during the study period and persistence is not achieved until later because of changing LDL-C level. That is, the index date is different in the persistence analysis
in this situation. In (C), the first-ever measurement during the study perid is low and persists at this low level for a period. However, compared with the situation in (A), it

is not truly the first-ever measurement due to left censoring.
Abbreviation: LDL-C, low-density lipoprotein cholesterol.

according to the four LDL-C categories and described their
demographic and medical characteristics overall and stratified
by current use of lipid-lowering agents. For patients identified
as having persistently low LDL-C, we recorded the time from
the first to the last consecutive observation of low LDL-C,
grouped patients according to quartiles of that variable, and
cross-tabulated the group characteristics overall and by use
of lipid-lowering agents.

The groups in our analysis may represent a mix of
individuals with low LDL-C in their first-ever measure-
ment and individuals with a history of higher LDL-C levels
prior to achieving a low LDL-C, as illustrated in Figure 1.
Furthermore, use of the 90-day definition of current use
could misclassify users with longer prescription coverage
or suboptimal adherence as non-users of lipid-lowering
agents. As a result, patients with low LDL-C would consist
of patients with both biological and therapy-induced low

LDL-C levels. We therefore performed a sensitivity analysis,
in which we characterized individuals at the time of their first
measurement (with missing or non-missing result) during
the study period. We restricted this analysis to measure-
ments in 2007 or later to assure at least 2 years of history
to assess previous LDL-C measurements. Furthermore, we
used the national version of the prescription database® and
applied a prescription window of at least 3 years to classify
use of lipid-lowering therapy, which should capture more
specifically individuals with biological low LDL-C. For
other prescription medications, we kept the 90-day prescrip-
tion window.

Finally, in a sensitivity analysis for the persistence
analysis, we allowed the maximum period between two con-
secutive low LDL-C measurements to extend to 2 years but
used the quartile cutoffs from the main analysis to maintain
comparability.
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The study was approved by the Danish Data Protection
Agency (record number 2013-41-1924). Danish legislation
does not require ethical review board approval or informed
consent from subjects for registry-based studies.

Results
Patient characteristics by LDL-C level

A flowchart for the selection of LDL-C measurements in
the study is presented in Figure 2. In total, we identified
5,188,406 LDL-C measurements in the LABKA database.
From this, we excluded 990,634 measurements that had miss-
ing or implausible results and measurements recorded outside
the study period. We then averaged LDL-C results recorded
on the same time and date, leaving 3,688,047 measurements.
Subsequently, we excluded 24,336 measurements that were
registered for pediatric patients, persons with invalid CPR
number, and/or persons who had already died or emigrated
from Denmark. Finally, 199,751 measurements taken in
patients with interrupted residency in the study region were
excluded, which left 3,463,960 LDL-C measurements for

All LDL-C measurements

n=5,188,406

the study, corresponding to 765,503 persons with at least
one LDL-C measurement. The median LDL-C concentra-
tion across all measurements was 2.9 mmol/L (interquartile
range 2.2-3.6 mmol/L).

There were 172,648 (23%) persons in the high LDL-C
category, 556,077 (73%) in the moderate LDL-C category,
and 36,778 (4.8%) in the low LDL-C category. The latter
category included 3,542 (0.46% of total) persons in the very
low LDL-C group. Use of lipid-modifying drugs prior to
the index date was observed in 2.1% of patients in the high
LDL-C group, 27% in the moderate LDL-C group, 59% in the
low LDL-C group, and 54% in the very low LDL-C group.
In total, 177,830 persons (89%) were current users of lipid-
modifying drugs prior to their lowest LDL-C value recorded
and 12% of these were in the low LDL-C group.

Compared with patients with moderate or high LDL-C
levels, the group with low LDL-C had a higher proportion of
men, consisted of older patients, and had a higher prevalence
of comorbidities (Table 1). Specifically, there was a higher
prevalence of cardiovascular disease, diabetes, chronic

Removing missing or implausible results,
and samples taken outside of study period

n=4,197,772

After averaging over simultaneously
recorded results:

n=3,688,047

(1998-2011 for northern region,
2005-2011 for central region)

n=990,634

Removing (n=24,336) combinations of
measurements registered in:

— Pediatric patients: 23,195
— Patients with invalid civil personal

n=3,663,711

register number: 2,582

— Patients with records after their
date of death/emigration: 1,142

3,463,960 measurements in 765,503
persons

Figure 2 Flowchart for the study.
Abbreviation: LDL-C, low-density lipoprotein cholesterol.

Removing measurements in migrating
persons

n=199,751
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Table | Characteristics of individuals with an LDL-C measurement in northern Denmark, 1998-2011, by LDL-C level* and use of
lipid-lowering drugs

Characteristic™* High LDL-C Moderate LDL-C

Lipid-modifying Lipid-modifying Total Lipid-modifying Lipid-modifying
drug users drug nonusers n (%) drug users drug nonusers
n (%) n (%) n (%) n (%)
Total 3,541 169,107 172,648 152,458 403,619
Demographics
Male sex 1,788 (50) 85,966 (51) 87,754 (51) 76,167 (50) 187,573 (46)
Age, median (interquartile range) 60 (51-69) 55 (45-65) 55 (45-65) 65 (57-73) 53 (42-66)
CCl score
Low (0) 2,329 (66) 138,545 (82) 140,874 (82) 75,711 (50) 302,677 (75)
Moderate (1-2) 944 (27) 25,945 (15) 26,889 (16) 58,974 (39) 80,908 (20)
Severe (3+) 268 (8) 4,617 (3) 4,885 (3) 17,773 (12) 20,034 (5)
Comorbidities
Myocardial infarction 253 (7) 1,690 (1) 1,943 (1) 19,205 (13) 8,645 (2)
Congestive heart failure 116 (3) 1,716 (1) 1,832 (1) 7,647 (5) 7,769 (2)
Peripheral vascular disease 192 (5) 2,277 (1) 2,469 (1) 11,455 (8) 9,330 (2)
Cerebrovascular disease 307 (9) 4,541 (3) 4,848 (3) 22,017 (14) 18,312 (5)
Dementia 22 (1) 627 (0) 649 (0) 990 (1) 1,782 (0)
Chronic pulmonary disease 240 (7) 7,807 (5) 8,047 (5) 12,029 (8) 25,031 (6)
Connective tissue disease 92 (3) 3,292 (2) 3,384 (2) 4,639 (3) 9,767 (2)
Ulcer disease 131 (4) 3,814 (2) 3,945 (2) 7,126 (5) 11,394 (3)
Mild liver disease 25 (1) 845 (0) 870 (1) 1,247 (1) 3,492 (1)
Diabetes types | and 2 114 (3) 1,409 (1) 1,523 (1) 15,858 (10) 14,178 (4)
Hemiplegia 6 (0) 264 (0) 270 (0) 319 (0) 890 (0)
Moderate to severe renal disease 77 (2) 1,254 (1) 1,331 (1) 2,949 (2) 4,685 (1)
Diabetes with end-organ damage 53 (1) 454 (0) 507 (0) 6,896 (5) 5,396 (1)
Any tumor 226 (6) 8,892 (5) 9,118 (5) 12,841 (8) 23,745 (6)
Leukemia 3(0) 166 (0) 169 (0) 222 (0) 559 (0)
Lymphoma 22 (1) 441 (0) 463 (0) 564 (0) 1,231 (0)
Moderate to severe liver disease 2 (0) 193 (0) 195 (0) 242 (0) 860 (0)
Metastatic solid tumor 26 (1) 835 (0) 861 (0) 1,007 (1) 2,409 (1)
AIDS 4 (0) 24 (0) 28 (0) 60 (0) 341 (0)

Notes: Based on the lowest LDL-C measured during the study period, LDL-C was categorized as low (<I.3 mmol/L), moderate (1.3-3.3 mmol/L), or high
(>3.3 mmol/L) LDL-C. Very low LDL-C (<0.65 mmol/L) was defined as a subgroup of low LDL-C; *all characteristics were assessed before or on the date of the lowest
LDL-C measurement; “because of rounding, some percentages are expressed as zero.

Abbreviations: AIDS, acquired immune deficiency syndrome; CCl, Charlson Comorbidity Index; LDL-C, low-density lipoprotein cholesterol.

pulmonary disease, ulcer disease, cancer, hospital-diagnosed
obesity, and recent diagnoses of cardiovascular disease and
infections (Tables 1 and S2). In accordance with the comor-
bidities observed, use of antihypertensive drugs, nitrates,
anticoagulants, antiplatelet drugs, antidiabetic drugs, and
antiulcer drugs was more prevalent in the low LDL-C group
than in the moderate and high LDL-C groups, as was use of
antidepressants and antipsychotics. Despite a comparable age
distribution across the LDL-C categories, the differences in
patient characteristics became even more pronounced when
restricted to patients with very low LDL-C (Tables 1 and S2).
Differences between groups of LDL-C were also observed
among current users and non-current users of lipid-modifying
drugs (Tables 1 and S3). Within each of the LDL-C groups,

current users of lipid-modifying drugs were older and had
a higher comorbidity burden, with a high prevalence of
cardiovascular disease, diabetes, and use of antihyperten-
sive drugs, nitrates, antiplatelet drugs, antiulcer drugs, and
antidepressants.

The results from the sensitivity analysis using the first-
ever LDL-C measurement and a longer prescription window
for lipid-lowering agents showed that the group of nonusers
with low or very low LDL-C contained a lower proportion of
men, were of younger mean age, and had a lower prevalence
of most comorbidities and medication use when compared
with the main analysis (Table S4). Thus, among persons
with low LDL-C, the differences in characteristics between
nonusers and users of lipid-lowering agents became even
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Low LDL-C Very low LDL-C
Total Lipid-modifying Lipid-modifying Total Lipid-modifying Lipid-modifying Total
n (%) drug users drug nonusers n (%) drug users drug nonusers n (%)

n (%) n (%) n (%) n (%)
556,077 21,831 14,947 36,778 1,924 1,618 3,542
263,740 (47) 12,809 (59) 8,567 (57) 21,376 (58) 1,185 (62) 976 (60) 2,161 (61)
58 (45-69) 68 (60-76) 62 (48-74) 66 (56-75) 68 (59-76) 63 (52-74) 66 (56-75)
378,388 (68) 5,834 (27) 6,429 (43) 12,263 (33) 375 (19) 557 (34) 932 (26)
139,882 (25) 10,047 (46) 5,468 (37) 15,515 (42) 783 (41) 633 (39) 1,416 (40)
37,807 (7) 5,950 (27) 3,050 (20) 9,000 (24) 766 (40) 428 (26) 1,194 (34)
27,850 (5) 4,414 (20) 1,432 (10) 5,846 (16) 424 (22) 165 (10) 589 (17)
15416 (3) 2,453 (11) 1,150 (8) 3,603 (10) 291 (15) 132 (8) 423 (12)
20,785 (4) 3,130 (14) 1,321 (9) 4,451 (12) 386 (20) 192 (12) 578 (16)
40,329 (7) 4,469 (20) 1,932 (13) 6,401 (17) 437 (23) 238 (15) 675 (19)
2,772 (0) 261 (1) 122 (1) 383 (1) 25 (1) 16 (1) 41 (1)
37,060 (7) 2,795 (13) 1,787 (12) 4,582 (12) 293 (15) 261 (16) 554 (16)
14,406 (3) 822 (4) 539 (4) 1,361 (4) 79 (4) 81 (5) 160 (5)
18,520 (3) 1,704 (8) 1,173 (8) 2,877 (8) 214 (11) 189 (12) 403 (11)
4,739 (1) 412 (2) 577 (4) 989 (3) 56 (3) 101 (6) 157 (4)
30,036 (5) 6,367 (29) 2,737 (18) 9,104 (25) 762 (40) 325 (20) 1,087 (31)
1,209 (0) 78 (0) 55 (0) 133 (0) 8 (0) 7 (0) 15 (0)
7,634 (1) 1,005 (5) 646 (4) 1,651 (4) 133 (7) 99 (6) 232 (7)
12,292 (2) 3,424 (16) 1,340 (9) 4,764 (13) 481 (25) 158 (10) 639 (18)
36,586 (7) 2,308 (I1) 1,490 (10) 3,798 (10) 227 (12) 202 (12) 429 (12)
781 (0) 49 (0) 75 (1) 124 (0) 10 (1) 9 (1) 19 (1)
1,795 (0) 121 (1) Q) 232 (1) 15 (1) 22 (1) 37 (1)
1,102 (0) 81 (0) 181 (1) 262 (1) 14 (1) 27 (2) 41 (1)
3,416 (1) 203 (1) 187 (1) 390 (1) 28 (1) 26 (2) 54 (2)
401 (0) 9 (0) 87 (1) 96 (0) 2 (0) 17 (1) 19 (1)

larger than was seen in the main analysis. The difference in
characteristics when comparing individuals with nonusers of
lipid-lowering drugs across LDL-C groups was diminished.
The remaining results were not substantially different from
the results of the main analysis.

Persistence of low LDL-C
Among the 36,778 individuals with low LDL-C, 9,612
(44%) had persistently low LDL-C. The median duration of
persistence was 189 days (interquartile range 97-342 days,
range 10-2,926 days).

The following characteristics were more prevalent among
patients in the lowest quartile compared with the highest
quartile of duration of low LDL-C persistence: female sex,

severe CCI score, myocardial infarction, congestive heart
failure, peripheral vascular disease, ulcer disease, hyper-
tension, and use of nitrates, antidepressants, and antiulcer
drugs (Tables 2, S5, and S6). A diagnosis of diabetes or
use of antidiabetic drugs were less prevalent. We observed

no substantial differences for the remaining characteristics.
Stratification by use of lipid-lowering drugs showed the same
pattern of variation.

The sensitivity analysis extending the maximum interval
between consecutive LDL-C measurements from 1 to 2 years
shifted individuals toward the group with the longest persis-
tence. The maximum duration of persistence changed from
2,926 to 3,610 days. Among nonusers of lipid-lowering drugs
with the longest duration of low LDL-C, comorbidities and
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Table 2 Characteristics of patients with LDL-C persistently below 1.3 mmol/L, northern Denmark, 1998-201 I, by quartiles of time

elapsed between first and last consecutively low LDL-C and use of lipid-lowering agents®

Characteristic™* First quartile (10-96 days)

Second quartile (97-189 days)

Lipid-modifying Lipid-modifying Total Lipid-modifying Lipid-modifying
drug users drug nonusers n (%) drug users drug nonusers
n (%) n (%) n (%) n (%)
Total 1,690 661 2,351 1,772 636
Demographics
Male sex 1,030 (61) 415 (63) 1,445 (61) 1,070 (60) 390 (61)
Age, median (interquartile range) 68 (59-76) 64 (52-74) 67 (57-75) 68 (59-75) 66 (56-74)
CCl score
Low (0) 381 (23) 205 (31) 586 (25) 494 (28) 206 (32)
Moderate (1-2) 790 (47) 276 (42) 1,066 (45) 823 (46) 264 (42)
Severe (3+) 519 31) 180 (27) 699 (30) 455 (26) 166 (26)
Comorbidities
Myocardial infarction 406 (24) 105 (16) 511 (22) 337 (19) 93 (I5)
Congestive heart failure 228 (13) 71 (1) 299 (13) 178 (10) 63 (10)
Peripheral vascular disease 264 (16) 76 (1) 340 (14) 233 (13) 71 (1)
Cerebrovascular disease 336 (20) 95 (14) 431 (18) 334 (19) 96 (15)
Dementia 19 (1) 2 (0) 21 (1) 18 (1) 2 (0)
Chronic pulmonary disease 196 (12) 91 (14) 287 (12) 228 (13) 66 (10)
Connective tissue disease 68 (4) 22 (3) 90 (4) 65 (4) 34 (5)
Ulcer disease 152 (9) 66 (10) 218 (9) 150 (8) 57 (9)
Mild liver disease 30 (2) 28 (4) 58 (2) 41 (2) 28 (4)
Diabetes types | and 2 561 (33) 179 (27) 740 (31) 597 (34) 155 (24)
Hemiplegia 6 (0) 4 (1) 10 (0) 4(0) 4 (1)
Moderate to severe renal disease 100 (6) 39 (6) 139 (6) 75 (4) 34 (5)
Diabetes with end-organ damage 318 (19) 11 (17) 429 (18) 300 (17) 74 (12)
Any tumor 165 (10) 63 (10) 228 (10) 138 (8) 64 (10)
Leukemia 8 (0) 4 (1) 12 (1) 4(0) 1 (0)
Lymphoma 5(0) 11(2) 16 (1) 7 (0) 2 (0)
Moderate to severe liver disease 8 (0) 10 (2) 18 (1) 7 (0) 5(1)
Metastatic solid tumor 14 (1) 7(1) 21 (1) 9 (1) 6 (1)
AIDS 2 (0) 9 () 11 (0) 0(0) 13(2)

Notes: *We defined as consecutive any two LDL-C measurements that were at least 10 days and no more than 365 days apart; ®all characteristics were assessed before or
on the date for the first low LDL-C measurement in a series of consecutively low LDL-C; “because of rounding, some percentages are expressed as zero.
Abbreviations: AIDS, acquired immune deficiency syndrome; CCl, Charlson Comorbidity Index; LDL-C, low-density lipoprotein cholesterol.

medication use were less frequent than in the main analysis
(Table S7). Apart from this finding, no substantial differences
in patient characteristics were observed when compared with
the main analysis.

Discussion

In this study, we identified 765,503 persons with at least
one LDL-C measurement and found a prevalence of 4.8%
for having ever had a low LDL-C and 0.46% for having
ever had a very low LDL-C. Persons with low LDL-C
were more often users of lipid-lowering agents and had a
greater comorbidity burden than those with higher LDL-C.
In particular, cardiovascular disease and diabetes, as well
as use of prescription drugs for treatment of these diseases,
were more prevalent. This finding reflects that, in Denmark,
lipid-lowering therapy is primarily used as secondary
prevention for patients with cardiovascular disease and

as primary prevention for high-risk patients, eg, patients
with type 2 diabetes, type 1 diabetes with microalbuminu-
ria, or an estimated risk of cardiovascular death of =5%
within 10 years according to the Systematic Coronary Risk
Evaluation.”> However, the same patterns were present,
albeit less pronounced, when comparing persons who had
no prescription history of lipid-lowering agents. It is pos-
sible that these persons achieved their low LDL-C through
lifestyle changes or as a consequence of other acute or
chronic comorbid conditions. Persons with low LDL-C
had a higher prevalence of recent cardiovascular disease
or infection, which may reflect suppression of cholesterol
levels due to the acute phase reaction in association with
the recent illness.® However, it may also reflect the effect
of recent initiation on lipid-lowering therapy as secondary
prevention, and the prevalence of recent diagnoses were not
particularly high among nonusers.
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Third quartile (190-342 days)

Fourth quartile (343-2,926 days)

Total Lipid-modifying Lipid-modifying Total Lipid-modifying Lipid-modifying Total
n (%) drug users drug nonusers n (%) drug users drug nonusers n (%)

n (%) n (%) n (%) n (%)
2,408 1,734 714 2,448 1,792 613 2,405
1,460 (61) 1,062 (61) 445 (62) 1,507 (62) 1,144 (64) 390 (64) 1,534 (64)
67 (59-75) 68 (60-76) 65 (55-74) 67 (59-75) 68 (60-74) 64 (56-74) 67 (59-74)
700 (29) 446 (26) 246 (34) 692 (28) 477 (27) 222 (36) 699 (29)
1,087 (45) 831 (48) 294 (41) 1,125 (46) 875 (49) 248 (40) 1,123 (47)
621 (26) 457 (26) 174 (24) 631 (26) 440 (25) 143 (23) 583 (24)
430 (18) 333 (19) 97 (14) 430 (18) 343 (19) 81 (13) 424 (18)
241 (10) 205 (12) 52 (7) 257 (10) 162 (9) 48 (8) 210 (9)
304 (13) 225 (13) 87 (12) 312 (13) 239 (13) 52 (8) 291 (12)
430 (18) 341 (20) 106 (15) 447 (18) 333 (19) 79 (13) 412 (17)
20 (1) 10 (1) 2 (0) 12 (0) 9(1) 3 (0) 12 (0)
294 (12) 218 (13) 93 (13) 311 (13) 167 (9) 64 (10) 231 (10)
99 (4) 72 (4) 16 (2) 88 (4) 52 (3) 19 (3) 71 (3)
207 (9) 120 (7) 59 (8) 179 (7) 114 (6) 42 (7) 156 (6)
69 (3) 45 (3) 36 (5) 81 (3) 30 (2) 25 (4) 55(2)
752 (31) 552 (32) 211 (30) 763 (31) 632 (35) 184 (30) 816 (34)
8 (0) 6 (0) 1 (0) 7 (0) 9 () 0 (0) 9 (0)
109 (5) 68 (4) 40 (5) 108 (4) 72 (4) 31 (5) 103 (4)
374 (16) 302 (17) 107 (15) 409 (17) 326 (18) 95 (I5) 421 (18)
202 (8) 150 (9) 78 (11) 228 (9) 157 (9) 52 (8) 209 (9)
5(0) 2 (0) 3(0) 5(0) 3(0) 3(0) 6 (0)
9 (0) 10 (1) 1 (0) 11 (0) 4 (0) 7 (1) 11 (0)
12 (0) 5(0) 8 (l) 13 (1) 6 (0) 5(1) 11 (0)
15 (1) 9 () 6 (1) 15 (1) 6 (0) 7 (1) 13 (1)
13 (1) 0(0) 5(1) 5(0) 0(0) 6 (1) 6 (0)

To our knowledge, only few studies have described the
characteristics of patients with LDL-C <1.3 mmol/L.3"*
In a post hoc analysis of the JUPITER trial, those attaining
an LDL-C <50 mg/dL (~1.3 mmol/L) were more likely to
be male, white, and to have impaired fasting glucose than
those with higher LDL-C levels.’! Among 2,099 patients
with acute myocardial infarction or non-ST-segment eleva-
tion who were randomized to 80 mg atorvastatin (versus
40 mg pravastatin) in the PROVE IT-TIMI 22 study, 9.5%
reached an LDL-C level <40 mg/dL (~1.03 mmol/L) within
4 months.* These patients were more likely to be older,
male, to have diabetes, and to have a lower baseline LDL-
C, but less likely to have had a prior myocardial infarction
or coronary artery bypass graft, to smoke, or to have used
statins within 2 weeks before study initiation, as compared
with those achieving an LDL-C >80-100 mg/dL. These
earlier studies were based on data from randomized clinical

trials*'*? in which populations are likely to be more selected
(eg, inclusion of only persons without cardiovascular dis-
ease and diabetes and with LDL-C levels <130 mg/dL in
the JUPITER trial®!) than in our study including a broad
population-based sample of persons who all had their LDL-C
measured at least once. Indeed, our study is more compa-
rable with a large Korean hospital-based study of patients
with LDL-C =40 mg/dL showing a similar prevalence of
cardiovascular disease, diabetes, cancer, statin use, and anti-
platelet drug use.*® However, fewer than 1% of all patients
with an LDL-C measurement had LDL-C =40 mg/dL
compared with 9.6% with LDL-C =50 mg/dL in our
study,* which may be explained by differences in ethnicity
or setting (inclusion of general practice also in our study).
Although several other studies have characterized study
subjects by LDL-C levels, they are not comparable with
ours because the limit defining a low LDL-C level (varied
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between 1.81 to 2.65 mmol/L) corresponded to a moderate
LDL-C level in our study.”1321-24

Because information in the LABKA database is recorded
electronically to provide an easily accessible diagnostic tool for
health care providers, we expected a low level of missing data
for performed laboratory tests. However, our cross-tabulation
of LDL-C measurements and calendar period indicated periods
with suboptimal completeness. To optimize completeness, we
excluded measurements from calendar years in which com-
pleteness was judged insufficient. Only a small proportion of
the LDL-C measurements had implausible values, but errone-
ous measurements that fall within the range of plausible values
may have caused misclassification between LDL-C subgroups.
Finally, although we included all persons with an LDL-C test
recorded (approximately 50% of residents), inclusion was most
likely selective based on indications for performing an LDL-C
test (eg, risk evaluation for atherosclerotic cardiovascular
disease and treatment with drugs that may affect lipoprotein
metabolism). A US study based on insurance claims data
found that among 703,484 patients initiating lipid-lowering
treatment, LDL-C tests were indeed performed selectively.*
For example, recent hospitalization and myocardial infarction
were negatively associated with having a test performed.*
However, the findings cannot be extrapolated to our setting
because the US study included only outpatient laboratory tests
and because health care system characteristics differ.

Patients with high LDL-C who survive to achieve a low
LDL-C measurement may represent a selected group of
patients with some favorable lifestyle characteristics that
outweigh the risks of having a high LDL-C level. This selec-
tion could explain why persons with low LDL-C were older
and in turn had a higher comorbidity burden. Furthermore,
some patients with high LDL-C may die of competing risks
before ever having their LDL-C measured. Thus, we may
have selected patients with non-fatal cardiovascular events,
potentially related to the LDL-C level. Similarly, selection
bias due to differences in survival may have been introduced
in the persistence analysis. It is possible that some persons
have a short duration of low LDL-C merely because they
die before having their low LDL-C measurement repeated.
Thus, individuals with persistent low LDL-C may represent
a selected group of survivors.

The positive predictive values for many diagnoses iden-
tified in the DNPR are generally high, but vary depending
on the gold standard against which they are compared and
by the prevalence of disease and therefore department of
origin.** Confirmed against hospital medical records for
the diagnoses assigned by the treating physician, the overall

positive predictive value of the CCI categories is 98%.%
Because the DNPR does not reflect diagnoses made in pri-
mary care, completeness for conditions typically diagnosed
and/or treated in hospital settings (eg, myocardial infarction,
stroke, and cancer) is likely to be higher than for conditions
treated by general practitioners. The prevalence of hospital
diagnoses for diseases such as chronic pulmonary disease,
hypertension, and diabetes may thus be underestimated in our
study. However, we compensated for the lack of diagnostic
data from primary care by including information on prescrip-
tions reimbursed for disease-specific drugs.®

Conclusion

In light of the new promising lipid-lowering agents emerging
on the drug market, the proportion of treated persons achieving
low or very low LDL-C levels is expected to grow.> However,
the potential risks and benefits associated with such low levels
are yet to be established.’ In this study, we identified 36,778
persons with low LDL-C, among whom 3,542 had very low
LDL-C. Compared with persons with higher LDL-C levels,
persons with low LDL-C were older, were more often users of
lipid-lowering agents, and had a greater comorbidity burden,
particularly cardiovascular disease and diabetes. The large
group of persons with low and very low LDL-C identified in
this study also demonstrates the feasibility of future longitudi-
nal studies examining background rates of cardiovascular and
non-cardiovascular diseases in persons with low LDL-C.
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