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Abstract
Aims/hypothesis Proinsulin is increased in persons at
cardiovascular risk. Increased secretion of proinsulin
relative to insulin has been suggested as a sign of defective
conversion of proinsulin to insulin and C-peptide and is
associated with beta cell dysfunction. It has also been
suggested that proinsulin has more of a pro-atherogenic
effect than insulin, the levels of which are also increased in
the insulin resistance state. In this prospective population-

based study, we examined whether the proinsulin:insulin
ratio (PIR) or insulin:glucose ratio (IGR, an insulin
resistance surrogate) predicted carotid plaque size in
nondiabetic participants.
Materials and methods The study included 1,859 men and
1,998 women aged 25–82 years from the Tromsø Study,
who were examined with B-mode high resolution ultra-
sound at baseline in 1994–1995 and at follow-up in 2001–
2002. All images were computer processed to yield mm2

measures of plaque. Proinsulin and insulin were measured
at baseline. All analyses were stratified for sex.
Results After adjusting for age, baseline plaque area,
BMI, cholesterol, HDL-cholesterol, HbA1c, IGR, albu-
min:creatinine ratio, fibrinogen, BP and lifestyle factors
(tobacco smoking, alcohol consumption, physical activi-
ty), PIR was significantly associated with plaque size at
follow-up in women but not men. For each SD in the PIR
in women, the mean plaque area increased by 0.97 mm2

(95% CI 0.44–1.50). IGR was not associated with carotid
plaque size.
Conclusions/interpretation The PIR is associated with
progressive carotid artery plaque size in women.
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Abbreviations
ACR albumin:creatinine ratio
CPA carotid plaque area
CVD cardiovascular disease
IGR insulin:glucose ratio
IMT intima–media thickness
PIR proinsulin:insulin ratio
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Introduction

Cardiovascular disease (CVD) due to atherosclerosis is one of
the main causes of morbidity and mortality in the western
world. The pathogenesis of atherosclerosis is multifactorial.
Both the so-called metabolic syndrome (high BP, obesity,
dyslipidaemia, insulin resistance with hyperinsulinaemia) and
increased proinsulin have been reported to predict atheroscle-
rosis and CVD [1, 2]. Whether increased proinsulin is simply
an indicator of insulin resistance [3], or if it has other pro-
atherogenic actions has been debated [4]. The relationship
between proinsulin and CVD has not been fully clarified,
and the results of earlier studies are inconsistent [1, 5, 6]. In
some studies, the association between proinsulin and CVD
was stronger than that between insulin and CVD [1], and
proinsulin has been suggested to have a greater pro-
atherogenic effect than insulin [7]. Proinsulin predicted
first-ever stroke in nondiabetic individuals, independently
of insulin sensitivity [8]; and in one study, treatment of
diabetic patients with proinsulin appeared to increase
mortality compared with treatment with insulin [9]. Popula-
tion-based studies of subclinical atherosclerotic progression
have mainly assessed intima–media thickness (IMT) of the
common carotid artery. However, plaque size and growth are
probably just as good or even better markers of atheroscle-
rosis and CHD [10, 11]. Most studies that assess proinsulin as
a risk factor for CVD include onlymen [1, 5–7]. Furthermore,
the relationship between proinsulin or insulin and carotid
atherosclerosis has not been explored with a population-
based prospective design. The aim of the present study was
to determine whether early signs of beta cell dysfunction,
assessed by the proinsulin:insulin ratio (PIR) [12] or insulin:
glucose ratio (IGR, a surrogate measurement for insulin
sensitivity), were associated with expansion of carotid
plaque area (CPA) in a general nondiabetic population.

Materials and methods

Participants The Tromsø Study is a population-based
prospective study with repeated health surveys of inhab-
itants of the municipality of Tromsø, Norway. In the fourth
survey conducted (1994–1995; baseline in the present
study), all participants aged 55–74 years and 5–10% of
samples in the other age groups >24 years of age were
offered an ultrasonographic examination of the right carotid
artery. A total of 6,902 (76% of the eligible population)
accepted, and ultrasound examination was performed in
6,727 participants [10].

All the participants in the baseline study who were still
alive and residing in Tromsø were offered a follow-up
ultrasound examination in 2001–2002 (i.e. follow-up in the
present study). During the period between the baseline and

follow-up screenings, 532 participants died, 271 migrated,
956 did not participate in the follow-up examination and 110
did not receive follow-up scans due to logistical problems.
Therefore, there were 4,858 participants at baseline and
follow-up. Baseline measures of proinsulin, insulin, HbA1c

and glucose were obtained for 4,127 of these participants.
Data from participants who met the following criteria were
excluded from analyses: self-reported diabetes (n=96), use
of glucose-lowering medication (n=4), non-fasting plasma
glucose >6.1 mmol/l (n=103) or missing values for any of
the analysed variables (n=67). Thus, the final study
population included 3,857 participants (1,859 men, 1,998
women). All the participants gave informed consent and the
study was approved by the Regional Ethical Committee.

Cardiovascular risk factors At the baseline examination,
participants completed a self-administered questionnaire that
included information about smoking habits, alcohol con-
sumption, drug use, physical activity and time since last
meal. We categorised time since last meal >5 h as fasting and
time since last meal <5 h as non-fasting. Height, weight and
waist circumference were measured in all participants. BP
was recorded by a trained nurse using an automated device
(Dinamap Vital Signs Monitor 1846; Critikon, Tampa, FL,
USA). After a participant had been seated for 2 min, three BP
recordings were obtained at 2 min intervals. The mean of the
second and the third recordings was used for analysis. Total
serum cholesterol was measured in a non-fasting blood
sample by enzymatic colorimetric methods with commercial
kits (CHOD-PAP for cholesterol and GPO-PAP for triacyl-
glycerol; Boehringer-Mannheim, Mannheim, Germany).
Serum HDL-cholesterol was measured after precipitation of
LDL with heparin and manganese chloride. Data on
fibrinogen and the albumin:creatinine ratio (ACR) have
previously been published from the Tromsø Survey [13], and
numbers for these variables were included in the present
analyses as covariates. Fibrinogen was measured using the
PT-Fibrinogen reagent (Instrumentation Laboratory, Milan,
Italy). Three separate morning urine samples were analysed
for albumin and creatinine [13]. Urinary albumin and
creatinine were both measured with commercial kits
(ABX Diagnostics, Montpellier, France). The mean albu-
min and creatinine values were used to calculate the ACR
in mg/mmol.

Intact proinsulin was measured with a commercial kit
(Dako Diagnostics Ltd, Ely, UK), using mouse monoclonal
antibodies, with no insulin cross-reaction, C-peptide or 32–
33 split proinsulin. Plasma insulin was measured by
ELISA, which was modified from a previously published
procedure [14]. The plasma insulin assay had <0.2% cross-
reactivity with proinsulin or its primary circulating split
form, Des31,31 HPI. Glucose was measured by the
hexokinase method, in which NADPH was measured
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photometrically (Hitachi 917 analyser; Roche Diagnostics,
Mannheim, Germany). HbA1c levels were measured in the
haemolysate by a latex-enhanced turbidimetric immunoas-
say on a Cobras Mira Plus instrument (Unimate 5 HbA1c;
Hoffmann-La Roche, Basel, Switzerland). PIR and IGR
were calculated to reduce the variation inherent in the use
of non-fasting insulin values.

Physical activity categories were dichotomised as active
(>1 h hard physical activity per week with prominent
perspiration or breathlessness, or >3 h light activity without
prominent perspiration or breathlessness) or inactive (all
others). Physical activity during working hours was not
included in the analyses. Participants were classified as
current smokers, former smokers or those who had never
smoked. Alcohol consumption was divided into three
categories: (1) alcohol abstention (no consumption of alco-
hol); (2) low alcohol consumption (<7 units alcohol per week
for men or <3.5 units for women): and (3) high alcohol
consumption (≥7 units alcohol per week for men or ≥3.5 units
for women). (One unit of alcohol equals 12 g of alcohol).

Ultrasonography and measures of atherosclerosis As pre-
viously described in detail [15], carotid atherosclerosis was
assessed with high-resolution B-mode ultrasonography
performed with an ultrasound scanner (Acuson Xp10 128
ART-upgraded; Mountain View, CA, USA) that was
equipped with a linear array transducer. Identical scans
were done at baseline and follow-up. Personnel performing
the ultrasound measurements had no knowledge of the
results of the other examinations, the questionnaires or
laboratory data. The right common, internal and external
carotid arteries of participants were identified by combined
B-mode and colour Doppler/pulsed-wave Doppler ultra-
sound. All atherosclerotic plaques from six carotid artery
sites were recorded. These included sites in the near and far
walls of the internal carotid artery, the bifurcation segment
of the common carotid artery, and the common carotid
artery from the bifurcation downstream to the supra-
clavicular region. A plaque was defined as a localised
protrusion of the internal part of the vessel wall into the
lumen of more than 50% compared with the adjacent IMT.
For each plaque, a still image was recorded with the
transducer parallel to the vessel wall and perpendicular to
the point of maximum plaque thickness. The B-mode
images of the plaques were stored on super-VHS videotape.
B-mode images were subsequently digitised and transferred
to a personal computer using a commercially available
video grabber card (Matrox Meteor II) and Matrox
Intellicam v2.07 software (High-Tech Digital Inc., Rolling
Hills Estates, CA, USA), at a resolution of 768×576 pixels.
The plaque area measurements were made with Adobe
Photoshop software (version 7.0), by tracing the perimeter
of each plaque with a cursor. For the resolution used in this

study, a plaque area of 167 pixels corresponded to 1 mm2.
For each participant, total CPA was defined as the sum of
the plaque areas in the six carotid sites.

Between- and within-sonographer agreement on plaque
occurrence was substantial, with κ values (95% CI) of 0.67
(0.58–0.76) and 0.80 (0.70–0.91). The mean interobserver
arithmetic difference (SD) of plaque area was 1.0
(4.4) mm2, and the limits of agreement were ±8.6 mm2.
The mean intraobserver arithmetic difference (SD) for
sonographer 1 was 0.2 (3.1) mm2, and the limits of
agreement were ±6.1 mm2. The corresponding values for
sonographer 2 were 0.01 (3.8) and ±7.5 mm2 [10, 15, 16].

Statistical analyses Analyses of predictors of carotid artery
plaque size were done separately for men and women in
univariable and multivariable linear regression analyses.
Baseline data are presented as means±SD or proportions
and compared by sex using t tests or χ2 tests as appropriate.
ACR was logarithmically transformed because of marked
skewed distribution. In the linear regression analyses, total
CPA at follow-up (i.e. 2001–2002) was the dependent
variable, and baseline variables were used as independent
variables. All regression analyses were adjusted for total
CPA at baseline. Analyses of each age-adjusted baseline
variable and total CPA and multiple analyses with all the
variables entered in a single step were performed. Contin-
uous variables were tested for nonlinear associations by
including a quadratic term in the analyses. In the multiple
linear regression analyses, baseline plaque CPA, age, BMI,
cholesterol, HDL-cholesterol, HbA1c, systolic BP, physical
activity, alcohol consumption, smoking status, antihyper-
tensive medication and fasting condition were included as
covariates. One sex-specific SD was used as a unit for the
continuous variables in the regression analyses. All statis-
tical analyses were performed using SPSS software version
13.0 (SPSS, Inc., Chicago, IL, USA). Statistical models
were tested by two-tailed analyses. p values <0.05 were
considered statistically significant.

Results

General characteristics of the participants are presented in
Table 1. Serum levels of total cholesterol, HDL-cholesterol,
ACR and fibrinogen were significantly higher in women
compared with men, and PIR and IGR were significantly
higher in men. Alcohol consumption was higher among
men, and more women than men had never smoked. At
baseline, 954 men and 818 women had one or more carotid
plaques (Table 2). The increase in mean CPA over 7 years
was 7.30 mm2 in men and 5.12 mm2 in women. Of the 905
men and 1,180 women who did not have carotid plaque at
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baseline, 412 men and 421 women had one or more plaques
at the follow-up examination. The usage of lipid-lowering
agents increased markedly from baseline to follow-up (2.0
to 15.2% among men and 1.8 to 11.5% among women).
BMI increased significantly in both sexes (men: 26.0 kg/m2

(SD 3.1) to 26.8 kg/m2 (SD 3.5), p<0.0005; women:
25.8 kg/m2 (SD 4.0) to 26.9 kg/m2 (SD 4.5), p<0.0005), as
did also the waist circumference (men: 94.2 cm (SD 10.8)
to 95.7 cm (SD 10.2), p<0.0005; women: 83.9 cm (11.5) to
85.4 cm (SD 11.5), p<0.0005). At baseline 11.8% of the
women used contraceptive pills or oestrogen substitution.

Table 3 shows linear regression analyses of pairwise
associations between baseline variables and follow-up CPA
adjusted for age and baseline CPA. Baseline systolic BP,
fibrinogen and ln ACR were positively associated with
CPA at follow-up for both sexes, while total cholesterol,

proinsulin and PIR were associated with CPA in women
only. For men and women, current smokers had larger
plaque areas than nonsmokers.

The association between PIR and CPA in women remained
significant in the multivariate analysis (β coefficient 0.97,
95% CI 0.44–1.50; Table 4). PIR was significant whether or
not IGR was included in the analysis. In contrast, there was
no association between IGR and CPA whether or not PIR
was included in the analysis. Similar results were obtained
when PIR was replaced by proinsulin. Adding the interaction
variable, sex × PIR, in a multivariable regression analysis
that included men and women showed that the association
between PIR and plaque area was sex-dependent (p=0.006).
No sex differences were found for cholesterol (p=0.357 for
the interaction variable sex × total cholesterol). The
association between PIR and CPA was further analysed in

Table 2 The Tromsø Study:
plaque characteristics of the
study population by sex

Values are unadjusted
a Based on t test or Pearsons
χ2 test

Plaque characteristics Men (1,859) Women (1,998) P valuea

Number (%) with plaques 1994–1995 954 (51.3) 818 (40.9) <0.0005
Number (%) with plaques 2001–2002 1,267 (68.2) 1,130 (56.6) <0.0005
Mean CPA (SD) 1994–1995 (mm2) 11.16 (17.60) 6.79 (12.24) <0.0005
Mean CPA (SD) 2001–2002 (mm2) 18.46 (21.58) 11.91 (16.42) <0.0005

Baseline characteristics Men Women p valuea

n 1,859 1,998 –
Age (years) 59.0 (9.4) 60.0 (9.7) <0.05
BMI (kg/m2) 26.0 (3.1) 25.8 (4.0) –
Systolic BP (mmHg) 143.4 (19.5) 142.4 (22.9) –
Diastolic BP (mmHg) 84.8 (11.8) 80.8 (12.8) <0.0005
Proinsulin (pmol/l) 3.88 (3.34) 2.94 (1.94) <0.0005
Insulin (pmol/l) 78.8 (78.1) 64.3 (53.6) <0.0005
Glucose (mmol/l) 4.71 (0.52) 4.65 (0.48) <0.05
PIR (pmol/pmol) 0.064 (0.12) 0.056 (0.10) <0.05
IGR (pmol/mmol) 16.6 (16.0) 13.7 (10.8) <0.0005
HbA1c (%) 5.36 (0.39) 5.42 (0.56) <0.0005
Cholesterol (mmol) 6.56 (1.17) 6.90 (1.30) <0.0005
HDL-cholesterol (mmol) 1.40 (0.40) 1.69 (0.42) <0.0005
ACR (mg/mmol) 0.50 (0.35-0.90) 0.59 (0.41-0.91) <0.0005
Fibrinogen (g/l) 3.27 3.39 <0.0005
Alcohol consumption (%) <0.0005
Alcohol abstention 30.7 55.7
Low alcohol consumption 60.8 36.6
High alcohol consumption 8.5 7.7

Physically active (%) 57.2 49.5 <0.0005
Smoking (%) <0.0005
Never 22.2 46.7
Former 46.2 24.4
Current 31.6 28.9

Antihypertensive medication (%) 10.5 11.5 –
Aspirin (%) 6.0 2.8 <0.0005

Table 1 The Tromsø Study:
baseline characteristics of the
study population by sex

Values are unadjusted means
(SD), percentages or medians
(interquartile range)
a From t test, Pearsons χ2 test
or Mann–Whitney U test
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separate multiple regression analyses for participants with or
without carotid plaques at baseline, using the same model.
PIR was significant in women without plaques (β coefficient
0.92, 95% CI 0.55–1.30) but not in women with plaques at
baseline (β coefficient 1.99, 95% CI 1.58–5.57). Because a
substantial proportion of participants had no plaques at

baseline or follow-up (493 men, 759 women), the require-
ment for constant variance of the residuals in the multiple
linear regression analyses was not fully satisfied. Therefore,
we performed ordinal regression analyses with a dependent
variable at four levels that included those with regression of
CPA, those with CPA change equal to zero, and those with

Table 4 The Tromsø Study: multiple linear regression analysis of plaque area at follow-up (2001–2002)

Characteristics Unit Men Women

β (95% CI) p value β (95% CI) p value

Age (years) 10 2.88 (1.94 to 3.81) <0.0005 2.04 (1.37 to 2.72) <0.0005
PIR (pmol/pmol) SD (m, f:0.12, 0.10) −0.26 (−1.00 to 0.49) – 0.97 (0.44 to 1.50) <0.0005
IGR (pmol/mmol) SD (m, f: 16.0, 10.8) 0.03 (−0.74 to 0.80) – 0.17 (−0.37 to 0.73) –
Systolic BP (mmHg) 10 0.90 (0.47 to 1.32) <0.0005 0.64 (0.37 to 0.92) <0.0005
Cholesterol (mmol/l) SD (m, f: 1.17, 1.30) 0.39 (−0.37 to 1.16) – 1.24 (0.65 to 1.83) <0.0005
HDL-cholesterol (mmol/l) SD (m, f: 0.40, 0.42) −0.48 (−1.28 to 0.32) – −0.37 (−0.93 to 0.19) –
HbA1c (%) SD (m, f: 0.39, 0.56) 0.03 (−0.79 to 0.73) – −0.42 (−0.95 to 0.12) –
Fibrinogen (g/l) SD (m, f: 0.84, 0.78) 0.93 (0.12 to 1.75) <0.05 0.23 (−0.35 to 0.80) –
ln ACR SD (m, f: 0.99, 0.78) 0.82 (0.03 to 1.62) <0.05 0.56 (0.02 to 1.11) <0.05
Former smokers vs nonsmokers – 2.20 (0.23 to 4.17) <0.05 1.41 (0.08 to 2.74) <0.05
Current smokers vs nonsmokers – 4.57 (2.43 to 6.71) <0.0005 4.14 (2.76 to 5.51) <0.0005
Alcohol consumption vs abstention –
Low – 0.07 (−1.60 to 1.73) – −0.15 (−1.34 to 1.03) –
High – −1.80 (−4.74 to 1.15) – 0.23 (−1.86 to 2.33) –

Physically active vs inactive – 0.71 (−0.80 to 2.21) – 0.02 (−1.04 to 1.08) –

Values are regression coefficients (β) and 95% CIs expressed in mm2 for either a 1 SD change in continuous variables, presence vs absence of
categorical variables, or as stated. The effects of all variables were adjusted for age, baseline plaque area, BMI, antihypertensive treatment and
fasting condition in addition to the other variables in the table.
f Female, m male

Table 3 The Tromsø Study: age- and baseline plaque area-adjusted associations between baseline characteristics (1994–1995) and plaque area at
follow-up (2001–2002)

Characteristics Unit Men Women

β (95% CI) p value β (95% CI) p value

Age (years) 10 3.78 (2.95 to 4.62) <0.0005 2.75 (2.18 to 3.33) <0.0005
PIR (pmol/pmol) SD (m, f: 0.12, 0.10) −0.19 (−0.94 to 0.54) – 0.85 (0.32 to 1.38) <0.05
Proinsulin (pmol/l) SD (m, f: 3.34, 1.94) −0.43 (−1.18 to 0.32) – 0.71 (0.16 to 1.25) <0.05
IGR (pmol/mmol) SD (m, f: 16.0, 10.8) 0.02 (−0.74 to 0.75) – 0.16 (−0.37 to 0.70) –
Systolic BP (mmHg) 10 1.03 (0.63 to 1.43) <0.0005 0.58 (0.32 to 0.84) <0.0005
Cholesterol (mmol/l) SD (m, f: 1.17, 1.30) 0.74 (−0.01 to 1.49) – 1.39 (0.81 to 1.97) <0.0005
HDL-cholesterol (mmol/l) SD (m, f: 0.40, 0.42) −0.34 (−1.10 to 0.42) – −0.37 (−0.91 to 0.16) –
HbA1c (%) SD (m, f: 0.39, 0.56) 0.28 (−0.48 to 1.04) – −0.24 (−0.78 to 0.30) –
Fibrinogen (g/l) SD (m, f: 0.84, 0.78) 1.58 (0.81 to 2.35) <0.0005 0.87 (0.32 to 1.41) <0.05
ln ACR SD (m, f: 0.99, 0.78) 1.58 (0.82 to 2.35) <0.0005 0.98 (0.44 to 1.51) <0.0005
Alcohol consumption vs abstention –
Low alcohol consumption – 0.05 (−1.62 to 1.72) – −0.23 (−1.40 to 0.94) –
High alcohol consumption – −0.79 (−3.73 to 2.14) – 0.51 (−1.59 to 2.61) –

Physically active vs inactive – 0.32 (−1.19 to 1.84) – −0.28 (−1.35 to 0.79) –
Former smokers vs nonsmokers – 1.99 (0.03 to 3.96) <0.05 0.97 (−0.35 to 2.28) –
Current smokers vs nonsmokers – 4.77 (2.69 to 6.85) <0.0005 4.13 (2.86 to 5.41) <0.0005

Values are regression coefficients (β) and 95% CIs expressed in mm2 for a 1 SD change in continuous variables, the presence vs absence of
categorical variables, or as stated; the effect of all variables was adjusted for age and baseline plaque area.
f Female, m male
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progression of CPA (divided into two equal groups). The
results of those analyses were similar to the linear
regression analyses with significant associations between
CPA and PIR in women (odds ratio 1.66, 95% CI 1.10–
2.52) but not men. Furthermore, multiple linear regression
analyses after excluding participants without plaques at
both examinations showed results similar to the entire study
population.

Discussion

Our population-based prospective study showed that pro-
insulin was associated with carotid plaque size in nondia-
betic women. It has been suggested that high proinsulin
concentrations reflect beta cell dysfunction and insufficient
insulin processing by pancreatic beta cells [12]. Since our
surrogate parameter of insulin sensitivity, IGR, was not
related to the development of carotid plaques, our results
lend support to earlier findings that proinsulin is an
independent pro-atherosclerotic factor [2, 8, 17]. A tentative
mechanism explaining this could be altered haemostasis
through the association of proinsulin and increased plas-
minogen activator inhibitor-1 activity and increased fibrin-
ogen levels [4, 18–21].

Many studies have shown a relationship between
proinsulin, proinsulin split products, and atherosclerotic
lesions, but they were all cross-sectional studies, and the
majority of them included only men [1, 5, 22]. In a cross-
sectional analysis of 1,456 nondiabetic participants in the
Rancho Bernardo Study, proinsulin was positively associ-
ated with prevalent CHD in men and women [23]. In the
Caerphilly Study, proinsulin, but not insulin, predicted
incident CHD during a 14 year follow-up study of 1,181
men, although the association was attenuated when correc-
tions were made for HDL-cholesterol and triacylglycerol
[1]. Our finding of sex differences in the relationship
between proinsulin and plaque progression lends support to
findings of a significant association between proinsulin and
stroke among women (but not among men) in a study of 94
nondiabetic patients with first-ever stroke [8].

Cross-sectional studies have looked at proinsulin and
carotid IMT as an atherosclerotic marker [2, 22], but to the
best of our knowledge this is the first population-based
prospective study of proinsulin and atherosclerosis in
nondiabetic men and women. IMT primarily represents
medial hypertrophy related to hypertension [24, 25], and
the association between IMT and CHD was weak in several
studies [26, 27]. CPAwas claimed to be a better predictor of
coronary atherosclerosis than other noninvasive methods
[11, 28]. CPA was also shown to be more sensitive than
IMT for early detection of atherosclerosis [29].

Significant sex differences in the association between
proinsulin and CPA are not surprising. Serum proinsulin
tends to increase when type 2 diabetes develops, and several
studies have shown that type 2 diabetes increases the risk of
CHD in women to a greater extent than in men [30, 31]. A
recent meta-analysis of 37 prospective cohort studies
showed that the risk of fatal CHD among diabetic individuals
was significantly greater in women (relative risk 3.50, CI
2.70–4.53) than men (relative risk 2.06, CI 1.81–2.34) [30].
A cross-sectional study including 1,588 middle-aged
participants showed that the effect of the metabolic
syndrome on carotid atherosclerosis was more pronounced
in women than men [32].

When we stratified for the presence of plaques at baseline,
PIR remained significantly associated with plaque size only
for women without plaques at baseline (n=1,190). The
association among women with plaques at baseline (n=
823) was positive, but not significant. The CI was quite
wide, indicating that the group was rather small to
determine an association.

In the present study, CPA increased with age in men and
women, and smoking and higher systolic BP were associated
with larger plaque areas for both sexes. Similar findings have
previously been reported [10, 33]. Cholesterol was strongly
associated with CPA in women but not in men, and
fibrinogen was associated with CPA in men but not in
women. However, analysing sex differences by adding the
product variables cholesterol × sex and fibrinogen × sex in
analyses that included both sexes did not result in significant
sex differences. We previously reported that a high level of
HDL-cholesterol was associated with less plaque growth in
participants with preexisting carotid atherosclerosis [10]. In
the current analysis, which also included individuals without
atherosclerotic plaques at baseline, no such effect was
demonstrated.

A shortcoming of the present study is that for logistical
reasons we had to collect random and mainly non-fasting
blood samples. However, the resulting variation in time
since the last meal should have increased random measure-
ment error of proinsulin and insulin and led to underesti-
mation of the associations. When we corrected statistically
for the non-fasting condition or linearly for hours since last
meal intake, the results did not change substantially.
Furthermore, proinsulin may be a more reliable measure
of beta cell activity due to its longer half-life and lower
variability than specific insulin when assessed in plasma
samples [5]. This may favour proinsulin compared with
insulin in regression analyses, and proinsulin is probably
better than insulin for estimating future risk for CVD.
Accordingly, the lack of significant association between
IGR and CPA in our study could have been caused by the
greater variation in non-fasting insulin compared with
proinsulin.
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On the other hand, the large sample size, the high
participation rate and the prospective design of the study
strengthen our findings. Moreover, the computerised anal-
ysis of CPA may have better reproducibility and is more
accurate than visual assessment. The participants lost to
follow-up were older, smoked more and had higher systolic
BP, fibrinogen and CVD compared with the study popula-
tion. This may have weakened the true relationship between
risk factors at baseline and CPA at follow-up.

In summary, we found that PIR was independently
associated with growth of carotid plaques in women but not
men. The association was primarily present in the formation
of new plaques. The study lends support to the hypothesis,
but does not prove, that proinsulin has pro-atherogenic
properties, at least in women.
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