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Discussion

In this analysis of pooled data from 4 large prospective co-
hort studies performed in the US, we found that higher levels
of exposure to cumulative LDL-C and TWA LDL-C during young
adulthood and middle age were associated with an increased
risk of incident CHD events, even after adjusting for the most
recent LDL-C level during middle age. In contrast, we found
no association between LDL-C slope and CHD after adjusting
for midlife LDL-C level or measures of cumulative LDL-C level
and other cardiovascular events, such as ischemic stroke and
HF. These findings suggest that current LDL-C level and cu-
mulative LDL-C burden are independently associated with CHD
risk.

Previous observational studies on the association be-
tween LDL-C levels and CVD outcomes focused on LDL-C level
at a single time point, usually in middle or older age. How-
ever, multiple lines of evidence support that a lifelong expo-
sure to elevated LDL-C is associated with atherosclerotic
CVD.3-6,14,15 Mendelian randomization studies have shown that
long-term exposure to lower LDL-C beginning early in life be-
cause of genetic variation is associated with an up to 3-fold
greater reduction in CHD risk compared with shorter-term LDL-
C–lowering medication that is started later in life.14 Emerging
evidence from longitudinal epidemiological studies also sug-
gest an association between long-term elevated LDL-C level
and later-life CVD risk. Duncan et al3 followed 3875 partici-
pants in the Framingham Heart Study Offspring Cohort for 35
years and identified 5 distinct patterns of LDL-C trajectories
during middle age. Duncan et al3 found that participants with
long-term exposure in the highest LDL-C level group had 5
times the risk of CVD and 4 times the risk of total mortality com-
pared with those in the optimal LDL-C level group (80-90
mg/dL).3 A recent study of the Coronary Artery Risk Develop-
ment in Young Adults Study reported that a greater cumula-
tive exposure to LDL-C during young adulthood was associ-

ated with an increased risk of CVD, whereas a more rapidly
rising LDL-C slope was inversely associated with CVD.5 Fur-
thermore, it has been suggested that a higher cumulative LDL-C
exposure early in adulthood might have a stronger associa-
tion with CVD risk than cumulative exposures during later
adulthood.4,5

The current study extends these previous reports by using
different metrics of LDL-C (ie, cumulative LDL-C level, TWA
LDL-C level, and LDL-C slope during young adulthood and
middle age) with risk of specific subtypes of CVD (ie, CHD, is-
chemic stroke, and HF). We found that cumulative LDL-C and
TWA LDL-C levels were associated with an increased risk of
incident CHD events, even after adjusting for the most recent
LDL-C level during middle age. However, we did not observe
an apparent association between LDL-C slope and incident CHD
after adjusting for midlife LDL-C level, likely because at a given
LDL-C level during middle age, individuals who reached a
steeper slope may have a smaller area under the curve or cu-
mulative LDL-C exposure compared with those with a shal-
lower slope. The findings from this study suggest that the role
of LDL-C level in the risk of CHD is associated with both the
current level and the long-term cumulative burden of LDL-C
exposures.16

The pathophysiological processes of atherosclerosis sug-
gest a mechanistic association between CHD and cumulative
LDL-C and TWA LDL-C levels. Low-density lipoprotein cho-
lesterol and other apolipoprotein B–containing lipoproteins
that are smaller than 70 nm in diameter freely enter and exit
the endothelial barrier, where they can interact with extracel-
lular structures, such as proteoglycans, to become retained in
the extracellular matrix.2,17 The LDL-C particles that are re-
tained in the arterial wall are susceptible to various modifica-
tions, including oxidation. Oxidized LDL-C elicits an inflam-
matory response, which results in vascular injury and atheroma
formation.18 With continued exposure to LDL-C, additional
LDL-C particles accumulate in the arterial wall, leading to the
development of atherosclerotic plaque.18 Therefore, an indi-

Figure 4. Adjusted Hazard Ratios (HRs) for Coronary Heart Disease (CHD) by Levels of Cumulative Low-Density Lipoprotein Cholesterol (LDL-C),
Time-Weighted Average (TWA) LDL-C, and LDL-C Slope During Young Adulthood and Middle Age
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The solid curve represents the adjusted HR for CHD associated with restricted
cubic splines for cumulative LDL-C, TWA LDL-C, and LDL-C slope. Shaded areas
represent 95% CIs. The reference values (diamond dots) were set at 4000
mg/dL × years for cumulative LDL-C, 100 mg/dL for TWA LDL-C, and 0 mg/dL/y

for LDL-C slope. Models were stratified by study cohort and adjusted for race
and ethnicity, sex, birth year, body mass index, smoking status, high-density
lipoprotein cholesterol level, systolic blood pressure, diastolic blood pressure,
diabetes status, and use of lipid-lowering and antihypertensive medications.
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Kraftigare LDL-sänkning – större minskning av hjärtkärlhändelser
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Introduction
Current statin guidelines in Europe and Canada advocate achieving a
fixed low-density lipoprotein cholesterol (LDLC) target or attaining
a ≥50% reduction in LDLC,1,2 while current US guidelines advocate
the use of statin therapies that reduce LDLC by ,50% (moderate
intensity) or ≥50% (high intensity).3 Both of these approaches have
intuitive clinical appeal, yet data are limited linking the achievement
of a ≥50% per cent reduction in LDLC with subsequent cardiovas-
cular outcomes particularly for contemporary high-intensity statin
regimens. As Boekholdt and colleagues have recently shown, the
variability in per cent reduction in LDLC following statin therapy
is very wide,4 an observation that may impact on future guidelines
as emerging adjunctive LDLC-lowering agents such as PCSK9 inhibi-
tors become more widely available. We thus sought to address in
greater detail the relationship of per cent reduction in LDLC with
clinical outcomes in a contemporary randomized trial of rosuvasta-
tin 20 mg when compared with placebo in the primary prevention of
cardiovascular events.

Methods
Study population
This manuscript describes a secondary data analysis of the Justification
for the Use of statins in Prevention: an Intervention Trial Evaluating

Rosuvastatin (JUPITER) trial. In brief, JUPITER enrolled 17 802 asymp-
tomatic women ≥60 years and men ≥50 years who had LDLC
,130 mg/dL, hsCRP. ¼ 2.0 mg/L, and triglycerides ,500 mg/dL.5

Critical exclusion criteria included any prior history of cardiovascular
disease, diabetes, or use of lipid-lowering therapy. At randomization,
all participants were assigned either to rosuvastatin 20 mg daily or to
matching placebo and were followed prospectively for a period of up
to 5 years for the occurrence of first ever cardiovascular events.

Laboratory measures
Study measurements were performed in a central laboratory on blood
samples collected at baseline and follow-up after participants fasted for
at least 8 h. For the purpose of the current analyses, paired samples
were assayed at baseline and at the 1-year post-randomization visit.
An enzymatic process (cholesterol esterase) with a calorimetric end-
point was used to assess total cholesterol, triglycerides were measured
with an enzymatic hydrolysis procedure to obtain a calorimetric end-
point value, and high-density lipoprotein cholesterol (HDLC) was mea-
sured in the resulting supernatant after heparin-manganese precipitation
of apolipoprotein B containing proteins. Low-density lipoprotein chol-
esterol concentrations were either calculated by using the Friedewald
equation when triglycerides were ,400 mg/dL or measured directly
when triglycerides were ≥400 mg/dL. A high-sensitivity (Behring) neph-
elometer was used to measure hsCRP, and the concentration of apoli-
poprotein B (apo B) was measured via immunonephelometry using a
Behring nepheolometric assay. Concentrations of non-HDLC were cal-
culated by subtracting HDLC from total cholesterol.

Figure 1 Waterfall plot for individual trial participants allocated to rosuvastatin 20 mg for the per cent change in low-density lipoprotein chol-
esterol (left) and concordant incident event rates (per 1000 person-years) for the Justification for the Use of statins in Prevention: an Intervention
Trial Evaluating Rosuvastatin primary endpoint (right). Data are shown for the placebo group (white bars) and for those allocated to rosuvastatin
who had no reduction or an increase in low-density lipoprotein cholesterol (pink), a .0 but ,50% reduction in low-density lipoprotein chol-
esterol (light green), and a ≥50% reduction in low-density lipoprotein cholesterol (dark green).
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Hur behandlas människor då?

• Första linjens terapi: levnadsvanor
• Sund kost/reduktion mättat fett: sänker LDL med 10 (-20%)
• Motion: ökar HDL, sänker TG

• Första linjens farmakologiska terapi: statiner
• Atorvastatin
• Rosuvastatin
• Pravastatin
• Simvastatin



Vilka känner till att 
verkningsmekanismen för 
statiner är att minska 
produktionen av LDL-
kolesterol som sekreeras till 
plasma?

Fakta-
kontroll

Så är det inte.



Statiner, ett lurendrejeri? 



Levercellen uppfattar en kolesterolbrist och 
uppreglerar antalet LDL-receptorer på ytan

LDL-receptorn:
• Tur och retur cellytan: 1 gång/10 min
• Flera hundra turer/dygn
• Tar med sig 1600 LDL-partiklar under sin livstid
• ~20 timmars livstid
• Fler receptorer, lägre LDL



1

2

3

4

1. LDL binder till LDL-R
2. Komplexet endocyteras
3. LDL bryts ner
4. LDL-R återcirkulerar



Vad händer om LDL-receptorer saknas?

Lipoproteinaferes. x2/v

Före: LDL 16-24 mmol/L Efter: LDL 2 mmol/L



Vid hyperlipidemi: 4 behandlingar

Statiner (ökar LDLR)

Kolesterolabsorptionshämmare: ezetimib
(sänker LDL)

PCSK9-hämmare (ökar LDLR)

Levnadsvanor
(sänker LDL, TG, höjer HDL)



6%-regeln för statiner

Law et al BMJ 2003;326(7404):1423

”The rule of six”  - en dubblering av statindosen 
ger endast en genomsnittlig LDL reduktion på 6% 

-20%

Tillägg av ezetimib ger 
20% ytterligare LDL-
sänkning

Medeldos statin + 
ezetimib ger samma LDL-
sänkning som maxdos 
statin

PCSK9i sänker ytterligare 55%

-55%



FH:
PCSK
9i

1. Levnadsvanor

Behandling vid primärprevention
-Olika mål, stegvis upptrappning

Statin

Ezetimib

LDL

3. Om diagnos FH 4-6 v LDL ≥2,6: överväg PCSK9i
4. Om kvarstående högt LDL: complience?

4-6 v

4-6 v

Atorva 10 mg/rosuva 5 mg 

Atorva 10 mg/rosuva 5 mg 
PLUS

Ezetimib 10 mg

Kost

2. 

2/3 x (4-6 v)
Atorva 20-80 mg/rosuva 10-40 mg 
PLUS

Ezetimib 10 mg

Statin

Ezetimib



1. Levnadsvanor PLUS

Behandling vid aterosklerotisk sjukdom
-Maximal initial behandling

PCSK9i

Statin

Ezetimib

LDL

3. 4-6 v LDL ≥2,0: överväg PCSK9i

LDL (0,5)<3,0

LDL ≥3,0

Atorva 80 mg/rosuva 40 mg 

Atorva 80 mg/rosuva 40 mg 
PLUS

Ezetimib 10 mg

Kost

2. 



Måluppfyllnad LDL efter hjärtinfarkt ~50% i Sverige
Ökande proportion behandlas med dubbel-/trippelterapi
Populationsmedel skjuts till vänster

Figure 78. Proportion of patients on di!erent lipid modifying therapies at 2nd 
follow-up, 2010-2021.
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Figure 70. Proportion of patients achieving LDL-cholesterol goal per type of lipid modifying 
therapy, at 2nd
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Figure 35. Proportion of patients on di!erent lipid lowering therapies, 2010–2021. 
Proportion of patients at the 2nd follow-up receiving di!erent lipid lowering therapies: statin, 
cholesterol absorption inhibitor (ezetimibe), and proprotein convertase subtilisin/kexin 
type 9 inhibitors (PCSK9i) over time. The proportion of patients receiving a statin has been 
continuously high since 2010 and the use of ezetimibe has increased since 2015. Registration 
of PCSK9i started 2017.

Figure 34. Proportion of patients attaining LDL cholesterol goal, per type of lipid lowering 
therapy – 2nd follow-up, 2021. 
Proportion of patients at the 2nd follow-up reaching the < 1.4 mmol/L LDL cholesterol goal, by 
lipid lowering therapy. The figure includes triple, dual or monotherapy with statins, cholesterol 
absorption inhibitor (ezetimibe), and proprotein convertase subtilisin/kexin type 9 inhibitors 
(PCSK9i). A higher proportion of patients are at goal with more intense lipid lowering therapy. 
The number above the bars represents the number of patients included in the analysis.
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Figure 79. Distribution of LDL cholesterol at 2nd follow-up, 2021.

Figure 36. Distribution of LDL cholesterol – 2nd follow-up, 2020 
and 2021. 
Distribution of LDL cholesterol in 2020 and 2021. The 1.4 threshold 
is indicated with a vertical dotted line. The population median in 
2021 has decreased further as compared to 2020 and was below 
the 1.4 mmol/L LDL cholesterol goal. Only a few patients have very 
high levels of LDL cholesterol.
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Figure 79. Distribution of LDL cholesterol at 2nd follow-up, 2020.
Urval: Målgrupp för indikator d_nr_ldl, missing på ldl exkluderas.
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Figure 31. Quality indica-
tor: Proportion of patients 
with LDL cholesterol at 
goal < 1.4 mmol/L at the 
2nd follow-up, 2020 and 
2021. 
There has been a 
continuous improvement 
in LDL cholesterol goal 
attainment for the last 
eight years (see Figure 
51). At the 2nd follow-up, 
51 % of patients reached 
the LDL cholesterol goal 
of < 1.4 mmol/L (54 % if 
only patients with  
a LDL cholesterol 
measurement performed 
were included in the 
analysis). Similar to 
previous years, there 
was a large improvement 
in LDL cholesterol goal 
attainment between the 
1st and 2nd follow-up.

Figure 30. Proportion of 
patients with LDL choles-
terol at goal < 1.4 mmol/L 
at the 1st follow-up, 2020 
and 2021. 
Since 2012 there has been 
a steady increase in the 
proportion of patients 
being at LDL cholesterol 
goal, with no sign of the 
inclusion of older patients 
(75–79 years) from 
2018 altering the trend. 
During the SARS-CoV-2 
pandemic fewer follow-up 
visits were performed, 
but despite this, 38 % of 
patients with registered 
visits reached the LDL 
cholesterol goal of < 1.4 
mmol/L in 2021 (41 % if 
only patients with a LDL 
cholesterol measurement 
performed were included 
in the analysis).

Figure 45c. Quality Indicator Proportion of patients with LDL < 1.4 mmol/L at 2nd followup,

2020 2021
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Figure 47c. Proportion of patients with LDL < 1.4 mmol/L at 1st follow-up,

2020 2021
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STEMI 
Atorva 80 + eze till alla pat
72% i mål 6 v
Tillägg PCSK9i/bempedinsyra vid 6 v: alla når mål

U Makhmudova, ESC 2022

Trippelterapi 

Figure 78. Proportion of patients on di!erent lipid modifying therapies at 2nd 
follow-up, 2010-2021.
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Figure 70. Proportion of patients achieving LDL-cholesterol goal per type of lipid modifying 
therapy, at 2nd
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Figure 35. Proportion of patients on di!erent lipid lowering therapies, 2010–2021. 
Proportion of patients at the 2nd follow-up receiving di!erent lipid lowering therapies: statin, 
cholesterol absorption inhibitor (ezetimibe), and proprotein convertase subtilisin/kexin 
type 9 inhibitors (PCSK9i) over time. The proportion of patients receiving a statin has been 
continuously high since 2010 and the use of ezetimibe has increased since 2015. Registration 
of PCSK9i started 2017.

Figure 34. Proportion of patients attaining LDL cholesterol goal, per type of lipid lowering 
therapy – 2nd follow-up, 2021. 
Proportion of patients at the 2nd follow-up reaching the < 1.4 mmol/L LDL cholesterol goal, by 
lipid lowering therapy. The figure includes triple, dual or monotherapy with statins, cholesterol 
absorption inhibitor (ezetimibe), and proprotein convertase subtilisin/kexin type 9 inhibitors 
(PCSK9i). A higher proportion of patients are at goal with more intense lipid lowering therapy. 
The number above the bars represents the number of patients included in the analysis.
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SEPHIA 2021: 
80% mål med trippel
60% mål med dubbel



Hyperlipidemi 2022: 6 behandlingar

Statiner

Kolesterolabsorptionshämmare: ezetimib

PCSK9-hämmare

Small interfering RNA

Ikosapentetylester ”omega-3”

Levnadsvanor!



• PCSK9 binder till LDL-
receptorn vilket leder dess 
till degradation

• Färre receptorer=högre LDL

PCSK9-hämmare
binder PCSK9=färre 
PCSK9=fler receptorer

Small interfering mRNA 
minskar produktionen av 
PCSK9=färre PCSK9=fler 
receptorer



Small interfering RNA: Inclisiran/Leqvio

• LDL-sänkning med ~50% (jfr PCSK9i 55-60%)
• Injektion på sjukhus var (3e) 6e månad
• Kardiovaskulär utfallsstudie pågår
• Indikation/subvention likt PCSK9i ”4e linjens” behandling innan CVOT
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REDUCE IT 2 STRENGTH 3

4 g EPA
Mineral oil placebo

4 g EPA and DHA
Corn oil placebo

CV death/MI/Stroke

1. Yokoyama M, et al. Lancet. 2007;369(9567). 2. Bhatt DL et al. N Engl J Med. 2019(1) 3. Nicholls SJ, et al. JAMA. 2020.

EPA/Ikosapentetylester/”omega-3”/Vazkepa

Statin och ≥ 1,7 mmol/L och:
§ etablerad KVS
eller
§ DM och ≥1 en KV riskfaktor.

Okänd mekanism
§ Plackstabiliserande
§ Antiinflammatoriskt
§ Antitrombotiskt
§ Sänker TG

REDUCE IT: ASCVD eller DM + ≥1RF
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• begränsad förväntad överlevnadslängd, inklusive vid hög biologisk och/eller 
kronologisk ålder (vanligen lägre än SEPHIAs-åldersgräns)

• intolerans mot statiner där inte tre olika preparat är testade

• förekomst av tillstånd och komorbiditeter där ytterligare LDL-sänkande 
behandling inte förväntas ge minskad morbiditet och mortalitet (ex samtidig 
svår hjärtsvikt, cancer, demens)

• bristande följsamhet till denna eller andra behandlingar

• när den sammantagna kardiovaskulära risken utöver lipidnivåer inte anses 
adekvat optimerad, såsom vid förekomst av andra otillräckligt reglerade 
riskfaktorer, ex rökning, diabetes, hypertoni 

Bred indikation, subvention för tredje/fjärde linjens terapi: initieras om 
den anses vara kostnadseffektiv och ska därför vanligen inte initieras vid



–Riskskatta
–Bestäm målvärde
–Primärprevention: 

– Statiner, börja försiktigt
– Lägg till ezetimib
– Titrera mot mål, PCSK9i om FH o LDL ≥2,6

–Sekundärprevention:
– Statiner, börja intensivt, tidigt/samtidgt ezetimib
– Alltid högrisk, även 10 år efter händelse/debut
– PCSK9i om LDL ≥2,6. Överväg EPA, inclisiran i vissa fall

Sammanfattning
Biverkningar: 
5 mg rosuvastatin 1 dag i veckan

Lågt är inte för lågt. Lågt länge är bra

2 eller 3 är bättre än 1


