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Lipid Levels During Adult Lifetime in
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BACKGROUND: The atherosclerotic effect of an adverse lipid profile is assumed to accumulate throughout life, leading to increased
risk of myocardial infarction (MI). Still, little is known about age at onset and duration of unfavorable lipid levels before MI.

METHODS AND RESULTS: Longitudinal data on serum lipid levels for 26 130 individuals (50.5% women, aged 20-89years) were
obtained from 7 population-based health surveys in Tromsg, Norway. Diagnoses of Ml were obtained from national registers.
A linear mixed model was applied to compare age- and sex-specific mean values of total cholesterol, high-density lipoprotein
cholesterol (HDL-C), and triglyceride concentration by Ml status (Ml versus non-MI). Already from young adulthood, 20 to
35years before the incident MI, individuals with a subsequent incident Ml had on average more adverse lipid levels than indi-
viduals of the same age and sex without MI. Analogous to a dose—-response relationship, there was a clear trend toward more
severe adverse lipid levels the lower the age at incident Ml (P<0.001, test for trend through ordered categories <55, 55-74,
>75years). This trend was particularly pronounced for high-density lipoprotein cholesterol in percentage of total cholesterol
(both sexes) and for the relative relationship between triglyceride, high-density lipoprotein cholesterol, and total cholesterol
level (women). The difference in mean lipid level by Ml status was just as large in women as in men, but the age pattern differed
(P<0.05, tests of 3-way interaction).

CONCLUSIONS: Compared with general population mean levels, adverse lipid levels were seen 20 to 35 years before the incident
Ml in both men and women.
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heart disease (CHD), and the atherosclerotic pro-
moting effect of an adverse lipid profile is assumed
to accumulate over time before an increased risk is es-
tablished.”2 A lower age at onset of unfavorable lipid

Apoor lipid profile is a major risk factor for coronary

levels in men than in women,*% possibly in combina-
tion with other unfavorable lipoprotein characteristics in
men,® may thus contribute to the 10-year sex difference
in mean age at the incident MI.” Moreover, a longer du-
ration of unfavorable lipid levels may contribute to the
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CLINICAL PERSPECTIVE

What Is New?

e [ongitudinal data on adult lifetime lipid levels
from the Tromso Study 1974 to 2016 revealed
a period of 20 to 35years with unfavorable lipid
levels in individuals with a subsequent incident
myocardial infarction (MI).

e Adverse lipid levels occurred at an earlier age
in individuals with MI <74years than >75years,
and there was a clear trend toward more severe
adverse lipid levels the lower the age at the inci-
dent Ml.

e The maximum difference in mean lipid levels
between individuals with and without Ml was
equally large among women as men but ap-
peared later in life in women.

What Are the Clinical Implications?

e Results from this study point to a need for
awareness of adverse lipid levels at all ages
throughout adult lifetime.

e Intervention strategies targeting improved lipid
profiles at ages when awareness of Ml is still low
may have a substantial impact on subsequent
risk of MI.

estimated overall higher risk of CHD in men in ordinary
analyses adjusted for age and traditional risk factors,
including the level of, but not the duration of, adverse
lipid levels.2 However, the empirical evidence to support
the hypothesis involving an accumulated effect of unfa-
vorable lipid levels is limited because most prospective,
population-based studies have risk factor information
gathered from a single time point. Even with access to
longitudinal data, it is difficult to quantify age at the first
exposure and duration of adverse exposure before an
incident MI. The normal range of lipid levels may also
change with increasing age.® 10

Different analytic strategies have been applied to
examine the time-related exposure to risk factors of
cardiovascular diseases (CVDs)."" A common strategy
in the few previous studies that examined the effects of
lipid levels during lifetime has been to compare the risk
of CHD or CVD between groups defined by the shape
of lipid trajectories over a certain period of life, with risk
group membership identified by means of latent class
model analyses or alternative analytic techniques.'>'®
This approach is most often applied to identify high-
risk groups that share a certain risk factor profile.'* A
recent study'® used the area under such model-based
lipid trajectory curves as a summary measure of long-
term burden of an adverse lipid profile during ages
20 to 58years in relation to subsequent risk of CVD.
The authors concluded that both the shape of lipid
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trajectories and the total amount of exposure to ad-
verse lipid levels in young adulthood have a significant
impact. Another recent study using the same summary
measure of long-term exposure'® found that accumu-
lated exposure to low-density lipoprotein cholesterol
(LDL-C) during ages 20 to 30years, as compared with
ages 30 to 42years, was associated with a greater in-
crease in the risk of CVD events. The association was
mainly seen in men. In both studies, the follow-up on
CVD events was limited to ages <60years. Still an-
other study'” reported that high LDL-C levels during
young adulthood, represented by the average of re-
peated LDL-C measurements, were associated with
an increased risk of CVD events independent of midlife
LDL-C level. Thus, age at exposure appears to play a
role in the adverse effects of unfavorable lipid levels,
but little is known about the duration of adverse lipid
levels before a harmful effect occurs, or whether there
are any sex differences in any of these time aspects.

An alternative analytic approach for examining the
effects of long-term exposure to unfavorable lipid lev-
els, with a focus on both age at onset and duration of
exposure, is to examine whether lipid levels during the
lifetime of individuals who develop CHD deviate from
patterns related to normal aging in the general popu-
lation. Age- and sex-specific lipid levels in the general
population during a lifetime have been reported in a
few longitudinal studies'®2° and some cross-sectional
and register-based studies,*'%?"22 but we are not
aware of any studies that have compared lifetime lipid-
level trajectories in the general population with patterns
in individuals who later in life develop CHD.

The aim of the present study was to explore the hy-
pothesis of an adverse effect of long-term exposure
to unfavorable lipid levels by performing a direct com-
parison of mean lipid levels at different ages during
adulthood between individuals with and without a
subsequent diagnosis of incident myocardial infarction
(MI). Potential sex differences in this contrast were also
examined. Moreover, analyses according to age at di-
agnosis of Ml were performed to explore the length of
a potential latency time related to prolonged adverse
lipid levels. The results from this study are based on
longitudinal data on lipid levels at ages 20 to 89years
from 7 population-based health surveys in the Tromse
Study, Norway, with diagnoses of Ml obtained from
local and national registers. Study participants without
a diagnosed MI were considered representative of the
general population.

METHODS

Data Availability Statement

The present study used data on lipid measurements
from the Tromsg Study, linked to data on MI from
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regional and national disease registers in Norway.
The data file generated and analyzed during the cur-
rent study are not publicly available due to Norway’s
laws related to privacy of health data. Details on how
to get access to data from the Tromsg Study are given
elsewhere (https://helsedata.no/no/forvaltere/unive
rsitetet-i-tromso/tromsoundersokelsen/). The analytic
methods applied are described in detail within the arti-
cle (Statistical Analysis) and in Data S1. Program codes
(SPSS) and additional details on the analytical meth-
ods applied can be provided upon reasonable request
to the corresponding author.

Study Population

The Tromse Study is an ongoing population-based
cohort study in the municipality of Tromsg, northern
Norway, with a population of 78000 inhabitants (46000
in 1979). The study includes data on serum lipid levels
from 7 health surveys carried out at regular time intervals
(mean time interval between 2 subsequent surveys in the
range, 5.3-8.1years) in the period 1974 to 2016.2° Both
total birth cohorts and representative samples of the
population (new and former participants) were invited to
each survey (response proportion, 65%—-79%). The first
3 surveys comprised individuals aged 20 to 49years
(men only), 20 to 54 years (20-49years for women) and
20 to 61years (20-56years for women), respectively,
whereas the last 4 surveys included individuals aged 30
to 97 years. The third survey also included a subsample
of young adults (<20years). So far, the Tromsg Study has
included a total of 45473 individuals.

The present study population comprises 26 130 in-
dividuals (50.5% women) with at least 2 Tromsg survey
participations before an incident Ml or closing date of
study in December 2019. Data from the Tromsg Study
were linked to information on Ml from regional and na-
tional disease registers (date on diagnosis in the pe-
riod 1974-2019) by means of the unique Norwegian
11-digit personal identification numbers. Of the 26 130
study participants, a total of 32%, 24%, 19%, 14%, and
11% had participated in 2, 3, 4, 5, and 6 to 7 surveys,
respectively. Only data from survey participations at
ages 20 to 89years were included because there was
a limited number of study participants outside this age
range. Data from survey participations after an incident
MI were not considered. The median age at first sur-
vey participation in our study population was 31 years
for men (interquartile range, 26-39) and 32years for
women (interquartile range, 27-41 years), whereas the
median time interval between the first and last survey
participation considered in the present study was 21
(range, 4-42)years in men and 21 (range, 5-37)years
in women.

The present study was approved by the Regional
Committee for Medical and Health Research Ethics
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and the Data and Publication Board of the Tromsgo
Study. The Tromse Study has previously been ap-
proved by the Norwegian Data Inspectorate and the
Regional Committee for Medical and Health Research
Ethics. Written informed consent for using data from
the Tromse Study in future research projects was
introduced in 1994 (fourth and later surveys), and
additional written informed consent for use of data
in the present study is thus not required. In case of
withdrawal of consent, data are deleted in the original
database.

Incident Ml

Date of diagnosis of Ml in the period 1974 to 2014
was obtained from the Tromse Study Cardiovascular
Disease Register (International Classification of
Diseases, Eighth Revision [ICD8], Ninth Revision [ICD9],
and Tenth Revision [ICD10] codes), whereas diagno-
ses in the period 2015 to 2019 were obtained from the
Norwegian Myocardial Infarction Register ({ICD-70 code
121 or 122). The national Cause of Death Registry pro-
vided data on out-of-hospital fatal incident cases of Ml
(ICD-10 code 121-122). Deaths registered with ischemic
heart disease as an underlying or contributing cause of
death (/ICD-10 codes 120 and 123-25) were also defined
as incident MI. The diagnoses recorded in the national
register for the period 2013 to 2014 have been found to
be highly correct and complete, as compared with the
validated diagnoses in the regional register.?*

Of the 26130 individuals included in the present
study, a total of 2714 (1966 men, 748 women) were
diagnosed with incident Ml at ages 35 to 97 years. The
median time interval between the last survey partici-
pation and the date of diagnosis of Ml in the subgroup
with Ml was 4.3years (interquartile range, 1.9-8.3)
in men and 4.4years (interquartile range, 1.7-8.4) in
women.

Serum Lipid Measurements

At each Tromseg Study survey, nonfasting concentra-
tions of serum total cholesterol, high-density lipoprotein
cholesterol (HDL-C), and triglycerides were measured
by standard methods using commercial kits. Individual
data on lipid measurements used in the present study
covered the age interval defined by the date of the first
survey participation and the date of the last participa-
tion before the diagnosis of Ml (Ml group) or closing
date of study in December 2019 (non-Ml group). An ad-
ditional measure of total cholesterol and HDL-C at the
time of the diagnosis was available from the Norwegian
Myocardial Infarction Register. These values were used
for 209 individuals (140 men, 69 women) who were di-
agnosed with Ml in the period 2013 to 2019 but lacked
complete data from the seventh Tromsg Study in 2015
to 2016.
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(no-interaction model), and the analyses were per-
formed separately for men and women.

Maximum-likelihood estimates of regression coef-
ficients were calculated by means of the linear mixed
module in SPSS.?® The full-factorial 3-way interaction
model (Data S1) was used to compute the model-based
predicted mean age trajectories for each lipid variable
in the 4 subgroups defined by sex and MI status. The
corresponding estimated age- and sex-specific re-
gression coefficients for Ml status (Ml versus non-MI)
are presented together with 95% CI and P values from
likelihood ratio tests. The Cls were obtained through
repeated analyses with successive changes in the ref-
erence values for age and sex (recoding of variables).
The analyses of triglyceride levels were based on log-
transformed data due to a skew distribution. The esti-
mated regression coefficients were back-transformed
to reflect relative difference in mean triglyceride level on
the original scale (recalculated into percentage).

RESULTS

Men had in general a more adverse lipid profile than
women, with markedly lower mean HDL-C levels
throughout life and higher total cholesterol and triglyc-
eride levels, especially before the age of 55 to 60years
(Figure 1A through 1F). In both sexes, the serum tri-
glyceride concentration correlated more strongly with
HDL-C in proportion of total cholesterol than with each
cholesterol variable alone (Table S1). A nonlinear nega-
tive association was seen, with persistently low triglyc-
eride levels when >40% of the total cholesterol level was
HDL-C (Figure S1). In more men than women, however,
high triglyceride levels occurred despite a high propor-
tion of HDL-C, although this group was very small. In
view of the observed intercorrelation, we also analyzed
the ratio between triglyceride level and HDL-C in pro-
portion of total cholesterol, in addition to the simple
ratio between triglyceride concentration and HDL-C.
The age patterns in individuals without Ml are now de-
scribed before focusing on the contrasts by Ml status.

Lipid Level Trajectories in Men and
Women Without Ml

In our general population cohort, the mean total cho-
lesterol level was about 5 mmol/L in both sexes at ages
20 to 24 years (Figure 1A). In men, the total cholesterol
level increased rapidly with age, reached a maximum
slightly above 6mmol/L at ages 45 to 49years, and
then decreased. A less steep age-related increase
was seen in women, and the maximum value around
6mmol/L was reached at a higher age (55-59years).
The mean level remained at this level throughout life,
and consequently, the total cholesterol level was higher
in women than men after the age of about 55 years.
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The HDL-C levels increased slowly with age in both
sexes, from 1.6mmol/L to slightly above 1.7 mmol/L in
women, and from about 1.3 to almost 1.5mmol/L in
men (Figure 1B). The age curves for HDL-C in percent-
age of the total cholesterol level were approximately
U-shaped, especially in men (Figure 1C). The mean
value of this lipid ratio was higher in women than men
throughout life (27%-32% versus 23%—-28%), though
similar at ages <65years. The lowest proportion of
HDL-C, and thus the highest proportion of non-HDL-C,
was seen during ages 40 to 49years in men (24%) and
at ages 55 to 59years in women (27.5%).

The mean triglyceride concentration increased rap-
idly with age in men, from 1.4mmol/L at ages 20 to
24 years to nearly 1.8mmol/L at ages 45 to 49years
and subsequently decreased (Figure 1D). In contrast,
women had invariably low mean triglyceride values
(<1.0mmol/L) until the age of about 40years, followed
by an increase up to a maximum around 1.5mmol/L
from the age of about 60years (Figure 1D). The age
trajectories for the 2 ratios involving triglycerides were
similar in shape to those for triglyceride alone (Figure 1E
and 1F). The ratio between the triglyceride and HDL-C
level (Figure 1E) remained higher for men than women
throughout life (range, 1.2-1.5 versus 0.8-1.0), with a
considerably more pronounced sex difference before
than after the age of 60years. The mean value of the
ratio between triglyceride level and the proportion of
HDL-C (Figure 1F) was also considerably higher in men
than women before the age of 60years (range, 6-9
versus 4-6), but no notable sex difference was seen
at higher ages (mean value close to 6 in both sexes).

Age- and Sex-Specific Differences in
Mean Lipid Levels by Ml Status

The estimated age trajectory curves (Figures 2 and 3)
fitted the empirical data (Figure 1) well, though with a
poorer prediction among the youngest and oldest. A
lower sample size (Table 1) contributed to imprecise
estimates at these ages. The estimated age- and sex-
specific differences in mean lipid level by MI status
(with 95% ClI) are presented in Table 2, with a graphical
display in Figures 2 and 3 (right column).

Already from ages 25 to 30years, individuals with a
subsequent incident MI had on average higher mean
total cholesterol and triglyceride levels and lower
HDL-C levels than individuals at the same age with-
out a subsequent incident Ml (Table 2, Figures 2 and
3). The magnitude of absolute differences varied sig-
nificantly by age for all cholesterol variables in men (P
<0.001, test of 2-way interaction; Table 3) and for all
lipid variables in women (P<0.011, test of 2-way inter-
action; Table 3). Notably, the contrast in mean lipid level
by MI status was equally large in women as in men
(Table 2, Figure 2 and 3), but the age pattern differed
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Figure 1. Mean lipid levels by age, sex, and Ml status: The Tromso Study 1974 to 2016.

Sample mean values with 95% CI of (A) TC (mmol/L), (B) HDL-C (mmol/L), (C) HDL-C in percentage of TC (HDL-C/TC, %), (D) TG
(mmol/L), (E) the ratio between TG and HDL-C (TG/HDL-C), and (F) the ratio between TG and HDL-C in proportion of TC (TG/[HDL-C/

TC]) during the adult lifetime in men and women with and without a
indicates high-density lipoprotein cholesterol; Ml, myocardial infarct

significantly (P<0.05, test of 3-way interaction; Table 3),
except for a borderline significant difference for serum
triglyceride concentration (P=0.075).

In general, the largest differences in mean lipid lev-
els by MI status were seen later in life in women than
in men, coinciding with the ages when the population
mean values were at their extremes (Figures 2 and 3).
The maximum difference in mean total cholesterol lev-
els by Ml status was nearly 1mmol/L for both sexes
(Table 2, Figure 2A). The contrast in HDL-C level by
MI status increased slightly with age in both sexes
(Table 2, Figure 2B) but even the largest difference was

J Am Heart Assoc. 2023;12:e030010. DOI: 10.1161/JAHA.122.030010

subsequent incident MI (Ml and non-Ml, respectively). HDL-C
ion; TC, total cholesterol; and TG, triglyceride.

moderate (0.1-0.2 mmol/L). In contrast, HDL-C in pro-
portion of total cholesterol (in percentage) was mark-
edly lower throughout adult lifetime in individuals with
versus without a subsequent incident MI, with a max-
imum difference of 5 to 6 percentage points (Table 2,
Figure 2C). The triglyceride levels also differed markedly
by MI status, apparently even more for women than
men (18%-19% versus 11%-12%; Table 2). However,
the mean values in the reference population were con-
siderably lower in women than men (Figure 3A). The
age pattern as well as the contrast by Ml status in the
mean value of the 2 lipid ratios involving triglycerides
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Figure 2. Predicted mean lipid-level trajectories and the estimated age- and sex-specific differences in mean lipid levels

by MI status: The Tromsg Study 1974 to 2016.

Model-based age- and sex-specific predicted mean values (left column) of (A) TC (mmol/L), (B) HDL-C (mmol/L), and (C) HDL-C in
percentage of TC (HDL-C/TC, %) in individuals with and without a subsequent incident Ml (Ml and non-Ml, respectively), and the
estimated age-specific differences in mean lipid levels by Ml status (Ml vs non-MI) in men and women (right column). HDL-C indicates
high-density lipoprotein cholesterol; MI, myocardial infarction; and TC, total cholesterol.

(Table 2, Figures 3B and 3C) approximated the one for
the triglycerides, but the contrast by Ml status appeared
to be even more pronounced. However, a direct com-
parison of the magnitude of difference by Ml status is
difficult due to the different unit of measurements. For
all triglyceride variables, the contrast by Ml status was
constant across age in men, whereas a transient in-
crease was seen in women due to a more pronounced
increase in levels during ages 25 to 55years in individ-
uals with a subsequent M.

Despite the age-related differences in the con-
trast by Ml status in most lipid variables considered, a

general impression was that the age curves for individ-
uals with and without MI were roughly parallel, though
with a markedly poorer lipid profile among individuals
with a subsequent incident Ml (Figure 1). A further cate-
gorization by age at diagnosis is needed to explore the
duration of adverse lipid levels before an incident MI.

Age at Onset, Severity, and Duration of
Adverse Lipid Levels Before Incident Mi

Among individuals diagnosed with Ml at an age
<bbyears and 55 to 74years, respectively, the mean

J Am Heart Assoc. 2023;12:e030010. DOI: 10.1161/JAHA.122.030010 7
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Figure 3. Predicted mean lipid-level trajectories and the estimated age- and sex-specific differences in mean lipid levels

by Ml status: The Tromsg Study 1974 to 2016.

Model-based age- and sex-specific predicted mean values (left column) of (A) TG (mmol/L), (B) the ratio between TG and HDL-C (TG/
HDL-C), and (C) the ratio between TG and HDL-C in proportion of TC (TG/[HDL-C/TC]) in individuals with and without a subsequent
incident MI (MI and non-MI, respectively), and the estimated age-specific differences in mean lipid levels by MI status (Ml vs non-
MI) in men and women (right column). HDL-C indicates high-density lipoprotein cholesterol; Ml, myocardial infarction; TC, total

cholesterol; and TG, triglyceride.

lipid values deviated from the population mean values
already from the age of 20 to 30years (Figures 4 and 5),
suggesting a time interval of 25 to 35years with adverse
lipid levels before the incident MI. However, this time
interval may be shorter, possibly only 10 to 15years,
in individuals with Ml at ages 35 to 40years. Except
for the total cholesterol level that was higher than the
population mean values from early adulthood almost
independent of age at the MI, a delayed age at onset of
adverse lipid levels was seen in individuals diagnosed

at ages >75years (Figures 4 and 5). In this subgroup,
the mean lipid levels were similar to those in individu-
als without MI until the age of about 50 to 55years and
then became more unfavorable. The unfavorable lipid
levels thus seem to be present at least 20years before
an incident Ml also in the last decades of life.

Even more remarkable than the variation in age at
onset of adverse lipid level was the clear trend toward
more severe adverse lipid levels the lower the age at the
incident Ml (Figures 4 and 5). In the analyses restricted

J Am Heart Assoc. 2023;12:e030010. DOI: 10.1161/JAHA.122.030010 8
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Table 3. Likelihood Ratio Tests for Heterogeneity by Age and Sex in the Contrast in Mean Lipid Levels by Ml Status:
Longitudinal Analyses of Data From the Tromso Study 1974 to 2016*

Men Women Total

2-way interaction 2-way interaction 3-way interaction

(age and Ml status) (age and Ml status) (age, Ml status, and sex)
Lipid variable$ x?t P value* x2t P value* x2t P value$
TC 74.99 <0.001 68.15 <0.001 54.09 <0.001
HDL-C 33.89 <0.001 47.03 <0.001 9.99 0.019
HDL-C/TC 20.40 <0.001 24.49 <0.001 8.72 0.033
Triglyceride (log-transformed) 1.49 0.68 1112 0.011 6.92 0.075
Triglyceride/HDL-C 4.42 0.22 31.34 <0.001 23.34 <0.001
Triglyceride/(HDL-C/TC) 212 0.55 69.41 <0.001 34.83 <0.001

HDL-C indicates high-density lipoprotein cholesterol; MI, myocardial infarction; TC, total cholesterol.
*Results are based on linear mixed models with subject as random factor and with age at lipid measurement (1-y intervals), sex (men, women), and Ml status

at closing date of study (MI, non-Ml) as fixed factors.

Value of the test statistic of the likelihood ratio test is based on nested models.

P value from likelihood ratio test (3 degrees of freedom) for 2-way interaction between age (3 parameters) and Ml status in sex-specific analyses.
$P value from likelihood ratio test (3 degrees of freedom) for 3-way interaction between age (3 parameters), Ml status, and sex in a full factorial model.

without a subsequent incident MI. However, the age
curves among individuals without Ml in our study were
similar to the age patterns observed in other European
populations.®1018.20

The present finding of a clear trend toward more un-
favorable lipid levels the earlier the age at diagnosis of Ml
is analogous to a dose—response relationship indicative
of a causal relationship. Although the broad categories
of age at diagnosis made it difficult to reveal the exact
length of the time period with unfavorable lipid levels
before the incident MI, our results are in line with the
hypothesis that the adverse effect of a poor lipid pro-
file accumulates over time before an incident MI.'-3 The
less severe adverse lipid level with increasing age at the
incident MI may reflect a longer latency time or a higher
tolerance for moderately elevated (or reduced) lipid lev-
els. The generally poorer lipid profile in men compared
with women, combined with an earlier age at onset of
adverse lipid levels, may thus explain the overall higher
risk and lower age at onset of incident Ml in men.”® It is
difficult, though, to take account of such time-related as-
pects in ordinary age-adjusted analyses of risk of MI. The
similar magnitude of the difference in mean lipid levels by
Ml status in men and women suggests a similar underly-
ing pathogenesis in the development of atherosclerotic-
related MI, despite general age-differences. Such a
conclusion is also supported by the approximately simi-
lar lipid levels observed in men and women with Ml at an
early age. However, inherent biological sex differences
in fat metabolism?® as well as more favorable lipopro-
tein characteristics in women® may also account for the
overall lower risk of Ml in women.

In support of the recent conclusions that tri-
glycerides have a causal role in the pathogenesis of
atherosclerotic CVD,?"~2% we observed an increase in
mean serum triglyceride level with decreasing age at

J Am Heart Assoc. 2023;12:e030010. DOI: 10.1161/JAHA.122.030010

the incident MI. In our study, elevated triglyceride levels
appeared to be of particular importance for early-age
MI, whereas the potential role of triglyceride in late-age
MI was less clear, especially in men. The correlation
between triglycerides and cholesterol components, in
particular HDL-C,®" together with inconsistent reports
from therapeutic studies,®"3? have raised the question
whether triglyceride level is an independent risk factor
for CHD. In addition, it may be difficult to distinguish
between direct and indirect effects when it comes to
underlying biological processes. Abnormality in the
clearance process of triglyceride levels has been pro-
posed to lead to a proatherogenic milieu,33-3% whereas
HDL-C has been suggested to play an important role
for the triglyceride clearance process,®*3" possibly with
age as a modifying factor.3® Consistent with a previous
report of a more rapid clearance of triglyceride levels in
women than men,?® and in support of the theory that
HDL-C may play a role in this process, we found high
levels of triglyceride despite proportionally high HDL-C
levels more often in men than women. However, the
subgroup with this adverse characteristic was small.
Triglyceride levels have traditionally been measured
in fasting blood, but the importance of focusing on
nonfasting triglyceride levels has been accentuated in
a recent review.?® Nonfasting levels were used in the
present study.

Consistent with previous findings that the ratio
between HDL-C and total cholesterol is a better pre-
dictor for CHD death than each variable alone,® we
found a more pronounced association between age at
the incident MI and HDL-C in percentage of the total
cholesterol level than with each separate cholesterol
variable. The ratio between HDL-C and total cholesterol
level also reflects the proportion of non—HDL-C, mainly
LDL-C. However, the nonfasting lipid levels precluded a

10
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Figure 4. Mean lipid levels by age, sex, and age at MI: The Tromsg Study 1974 to 2016.

Sample mean values with 95% CI of (A) TC (mmol/L), (B) HDL-C (mmol/L), and (C) HDL-C in percentage of TC (HDL-C/TC, %)
during the adult lifetime in men (left column) and women (right column) with and without a subsequent incident MI (Ml and non-
MI, respectively), with the MI group further categorized by age at the diagnosis of MI.HDL-C indicates high-density lipoprotein

cholesterol; MI, myocardial infarction; and TC, total cholesterol.

more accurate calculation of LDL-C. The ratio between
triglyceride levels and HDL-C in the proportion of total
cholesterol also showed a consistent association with
age at the incident MI, especially in women. This asso-
ciation appeared to be even more pronounced than the
one with the simple ratio between triglyceride level and
HDL-C. This ratio has previously been identified as an
early marker for insulin resistance and susceptibility to
development of atherosclerosis*®4' and as a predictor
of CVD.#042-44 A favorable level, calculated on the basis
of recommended levels for each single variable, would

be <1.7 for men and <1.3 for women. In our study popu-
lation, only men diagnosed with Ml had a mean value of
this ratio >1.7. To our knowledge, no previous study has
paid attention to the ratio between triglyceride concen-
tration and HDL-C in the proportion of total cholesterol.
A favorable value of this ratio would be <6.8 in both
sexes, using 0.25 as the recommended level for HDL-C
in the proportion of total cholesterol. Only women with-
out MI had mean levels below this value in our cohort,
a finding that is interesting since women in general con-
stitute a low-risk group. Further analyses are needed to

J Am Heart Assoc. 2023;12:e030010. DOI: 10.1161/JAHA.122.030010 11
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Figure 5. Mean lipid levels by age, sex and age at MI: The Tromso Study 1974 to 2016.

Sample mean values with 95% CI of (A) TG (mmol/L), (B) the ratio between TG and HDL-C (TG/HDL-C), and (C) the ratio between
TG and HDL-C in proportion of TC (TG/[HDL/TC]) during the adult lifetime in men (left column) and women (right column) with and
without a subsequent incident MI (Ml and non-MlI, respectively), with the MI group further categorized by age at the diagnosis of MI.
HDL-C indicates high-density lipoprotein cholesterol; MI, myocardial infarction; TC, total cholesterol; and TG, triglyceride.

evaluate whether this triglyceride ratio can be used as
a predictor of the risk of MI. Nevertheless, the present
findings may indicate that the internal balance between
the levels of the different lipid variables is of importance
for long-term adverse effects.

Strength and Limitations

A major strength of the present study is the access
to repeated measurements on serum lipid levels for a
large number of participants in population-based health
surveys, with retrospective linkage to information on

diagnosis of MI. At the time of the lipid measurement,
none of our study participants had suffered an Ml, and
in theory there is no distinction between the groups that
are compared except the knowledge of a future diagno-
sis. A limitation, though, is the lack of complete longitu-
dinal observations due to variation in age at participation
and the number of surveys attended. The total age
span covered was 70years (20-89years), but the long-
est individual age coverage in our study population was
42 years for men and 37 years for women. Undiagnosed
MI or diagnoses after closing date of study may lead
to misclassification bias. However, the proportion of
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potentially misclassified non-Ml cases will be low com-
pared with the truly classified non-MI cases, also in view
of the prevalence of MI. A potential misclassification bias
will, if anything, lead to an underestimation of the differ-
ence in mean lipid levels by Ml status.

Cohort and period effects may influence the ob-
served age patterns but in a similar way in the groups
compared. Such time-related effects are thus not ex-
pected to lead to severe bias in the estimated differ-
ences in mean lipid values by MI status. The serum
lipid-level measurements were obtained from health
surveys carried out in the period 1974 to 2016, and
the use of lipid-lowering drugs increased during this
period, especially after 1994 among individuals aged
>50years.*® Thus, the apparent improvement in lipid
profile with increasing age and the less pronounced
differences in mean lipid levels by Ml status among el-
derly people may partly reflect a treatment effect but
also a healthy survivor effect.

Dietary and lifestyle factors, clinical characteristics,
chronic diseases, and genetic factors influence lipid
levels. Nevertheless, to uncover at what age and how
long before the incident Ml an adverse lipid profile man-
ifests, we compared age- and sex-specific mean lipid
values between individuals with and without a subse-
quent incident MI, regardless of underlying causes of
either favorable or unfavorable lipid levels. The longi-
tudinal design of our study made it possible to evalu-
ate consequences of long-term exposure to adverse
lipid levels and to distinguish these effects from normal
age-related changes. In a preventive perspective, how-
ever, identification of modifiable factors of importance
for lipid levels, as well as effective intervention strate-
gies, is essential to reduce the burden of CHD, at both
the individual and community level.

CONCLUSIONS

The present exploratory analyses indicate that there is,
on average, a period of 20 to 35years with adverse lipid
levels before an incident MI, with a clear trend toward
more severe adverse levels the earlier the age at the
diagnosis. Intervention strategies targeting improved
lipid profiles at ages when awareness of Ml is still low
may thus have a substantial impact on the subsequent
risk of MI. Results from our study highlight the need
to monitor lipid levels at all ages during a lifetime. The
deviation from population mean values in individuals
with a subsequent incident Ml appears to be equally
large for women and men, indicating a similar cause of
MI despite marked age differences. The study results
can be used to define time-dependent exposure fac-
tors and critical points in time relevant for intervention.
These factors may also increase our knowledge about
sex differences in the risk of M.
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Supplemental Methods

Specification of the three-way interaction model

The fixed effect part of the full factorial three-way interaction model was defined as follow
Yage = @ij + (P1*Xage + P2*Xage? + P3*Xage®) + Ba*XKsex + Bs*Xmi + B6*Xsex* Xmi
+ (B7* Xsex*Xage + Bg™ Xsex® Xage” + Bo* Xsex* Xage®)
+ (B1o*Xmi*Xage + Pri*Xmi* Xage? + Pr2*Xmi* Xage®)
+ (B13*Xsex* Xmi*Xage + B14*Xsex* Xmi1*Xage? + B15* Xsex ™ Xmi* Xage®)

where Y g reflects the lipid measurement at a particular age, with Xage, Xage” and Xage®
representing the linear, quadratic and cubic terms in the cubic polynomial used for modeling
the non-linear age-trajectories during ages 20-89 years (1-year intervals, continuous
variables). Xsex and Xy and are indicator variables for sex (i=0,1) and MI-status at closing
date of study (j=0,1), respectively (categorical variables). The estimated regression model,
with numerical values for all the regression coefficients (Bk, k=1-15) was used to calculate the
model-based predicted mean lipid values during adult lifetime in the four subgroups defined
by sex and Ml-status. The predicted mean lipid values are graphically displayed in Figure 2-
3. The corresponding age- and sex-specific differences in mean lipid values by MI-status
(with 95% confidence intervals) are shown in Table 2.

- statistical test of three-way interaction between sex, age and MI-status

The likelihood ratio (LR) tests of the three-way interaction between sex, age and MI-status in
the full factorial model provide a formal statistical test of sex-differences in the contrast in
age-trajectories by MI-status. The value of the test statistic was defined by the difference in
the -2log-likehood value from analyses with and without the three-way interaction terms (P13,
B14 and P1s) included in the model (nested models). The LR-test statistic is asymptotically
chi-squared distributed with 3 degrees of freedom (DF). The DF reflects the difference in the
number of parameters in the two nested models. The p-values for the tests of three-way
interaction for each lipid variable are presented in Table 3.

Specification of the two-way interaction model (sex-specific analyses)

Sex-specific analyses were needed to perform meaningful statistical testing of the two-way
interaction between Ml-status and age. The two-way interaction model applied in the
analyses among men and women, respectively, was defined as follow

Yage =0t (Bl*xage + Bz.ange2 + BS*XageS) + B4*X|v||
+ (BS*XMI*Xage + BG*XMI*Xage2 + B7*XMI*Xage3)

- statistical test of two-way interaction between age and MI-status

The likelihood ratio (LR) tests of the two-way interaction between age and MI-status provide
a formal statistical test of heterogeneity in age-trajectories by Ml-status. The value of the test
statistic was defined by the difference in the -2log-likehood value from analyses with and
without the two-way interaction terms (Bs, Bs and B7) included (nested models). The test
statistic is asymptotically chi-squared distributed with 3 degrees of freedom (DF). The P-
values from the tests of two-way interaction for each lipid variable among men and women,
respectively, are presented in Table 3.
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Table S1. Pearson (Spearman) correlation coefficient* between triglyceride
concentration and cholesterol levels in men and women by Ml-status (MI, non-Ml;
status at closing date of study). The Tromsg Study 1974-2016.

MEN WOMEN
Non-MI Ml Non-MI Ml
Triglyceride and
- total cholesterol +0.27 (+0.29) | +0.24 (+0.28) | +0.32 (+0.36) | +0.35 (+0.33)
- HDL-C -0.35(-0.46) | -0.28 (-0.44) | -0.37 (-0.39) | -0.41 (-0.44)
- HDL-C/total chol.™ | -0.47 (-0.58) | -0.41(-0.55) | -0.52 (-0.57) | -0.55 (-0.58)

MI indicates incident myocardial infarction; HDL-C, high-density lipoprotein cholesterol.

* Based on data from all single time-points (all ages).
 Ratio between total cholesterol and HDL-C.
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Table S2. Estimated overall difference in mean lipid level at ages 35-49 years by age at

MI. Longitudinal analyses of data from the Tromsg Study 1974-2016."

Difference in mean lipid level (95% CI),
MI (by age at MI) vs. non-MI

p-value, linear trend"
HDL-C / TC (%)

p-value, linear trend"
Triglycerides, TG (%)

p-value, linear trend"
TG/ (HDL-C / TC)

p-value, linear trend"

<0.001

<0.001

<0.001

<0.001

Lipid variable MEN WOMEN
Total cholesterol (TC)
- non-MlI 0.00 (reference) 0.00 (reference)
- Ml <55yr 1.01 (0.89,1.13) 1.02 (0.71,1.32)
- MIbB5-74yr 0.88 (0.80,0.95) 0.72 (0.61,0.84)
- ML >75yr 0.77 (0.62,0.91) 0.79 (0.59,1.00)
p-value, linear trend" 0.19 0.067
HDL-cholesterol (HDL-C)
- non-MlI 0.00 ( reference) 0.00 (reference)
- Ml <55yr -0.10 (-0.14,-0.07) -0.21 (-0.32,-0.10)
- MIbB5-74yr -0.04 (-0.07,-0.02) -0.08 (-0.13,-0.04)
- ML >75yr 0.04 (0.02, 0.10) 0.09 (0.01, 0.16)

<0.001

- non-MlI 0.00 ( reference) 0.00 ( reference)
- Ml <55yr -5.29 (-6.02,-4.56) -7.48 (-9.81,-5.15)
- MIB5-74yr -3.01 (-3.52,-2.51) -4.65 (-5.54,-3.76)
- MI >75yr -1.07 (-2.22, 0.08) -1.94 (-3.54,-0.35)

<0.001

non-Ml 1.00 ( reference) 1.00 ( reference)
- Ml <55yr 28.2( 21.9,0.7) 49.6 (31.7, 69.9)
- MIDB5-74yr 9.7( 6.3,13.2) 17.0 (11.4, 22.9)
- MI >75yr -0.05 (-0.11, 34.7) 7.3(-0.03, 17.3)
p-value, linear trend" <0.001 <0.001

TG /HDL-C

- non-Ml 0.00 ( reference) 0.00 ( reference)
- Ml <55yr 0.57 (0.44,0.70) 0.58 (0.40, 0.76)
- MIB55-74yr 0.20 ( 0.11, 0.28) 0.22 ( 0.15, 0.29)
- MI >75yr -0.18 (-0.38, 0.02) 0.01 (-0.12, 0.13)

<0.001

- non-Ml 0.00 ( reference) 0.00 ( reference)
- Ml <55yr 5.53 (4.63, 6.44) 4.91 (3.65, 6.17)
- MI55-74yr 2.24 (1.62, 2.86) 2.15 (1.67, 2.64)
- MI >75yr -0.51 (-1.93, 0.92) 0.88 (0.00, 1.76)

<0.001

M1 indicates myocardial infarction.

“Results based on linear mixed model with subject as random factor, and with age and MI-
status (MI, non-MI) combined with age at MI-categories, as fixed factors (no-interaction
model). Sex-specific analyses in the age interval 35-49 years (age modelled as linear trend).
T Likelihood ratio test for linear trend in mean lipid levels through the ordered categories of
age at the diagnosis of Ml (the non-MI group excluded from the analyses).
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Figure S1. Scatterplot between triglyceride levels and high-density lipoprotein
cholesterol (HDL-C) in % of total cholesterol level. The Tromsg Study 1974-2016.
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Figure S2. Sensitivity analyses. Mean lipid level by age, sex and MI-status (Ml, non-Ml)
among individuals with 5-7 survey participations. The Tromsg Study 1974-2016.
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Sample mean values with 95% CI of (A) total cholesterol (mmol/L), (B) high-density
lipoprotein cholesterol (HDL-C, mmol/L), (C) HDL-C in % of total cholesterol (HDL-C/TC,
%), (D) triglycerides (mmol/L), (E) the ratio between triglycerides and HDL-C (TG/HDL-C)
and (F) the ratio between triglycerides and HDL-C in proportion of total cholesterol
(TG/(HDL-C/TC)) during adult lifetime in men and women with and without a subsequent
incident myocardial infarction (MI and non-Ml, respectively).
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