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Abstract: Background: Recent studies suggested that gamma-glutamyl transferase (GGT) and C-reactive protein
(CRP) are good markers of metabolic abnormalities. We assessed the link between GGT, CRP and common meta-
bolic abnormalities, as well their link to related diseases, such as cancer and cardiovascular disease (CVD). Meth-
ods: We selected 333,313 subjects with baseline measurements of triglycerides (TG), total cholesterol (TC), glucose,
GGT and CRP in the Swedish AMORIS study. Baseline measurement of BMI was available for 63,900 persons and
77,944 had baseline measurements of HDL. Pearson correlation coefficients between CRP, GGT, and metabolic
components (TG, HDL, BMI and TC) were calculated. To investigate the combined effect of GGT and CRP we created
a score ranging from O to 6 and used Cox proportional hazard models to evaluate its association with CVD and
cancer. Results: 21,216 individuals developed cancer and 47,939 CVD. GGT and TG had the strongest correlation
(r=0.22). An increased risk of cancer was identified with elevated levels of GGT or CRP or both markers (GGT-CRP
score >3); the greatest risk of cancer was found when GGT-CRP score = 6 (HR: 1.40 (95%Cl: 1.31-1.48) and 1.60
(1.47-1.76) compared to GGT-CRP score = 0, respectively). Conclusion: While GGT and CRP have been shown to be
associated with metabolic abnormalities previously, their association to the components investigated in this study
was limited. Results did demonstrate that these markers were predictive of associated diseases, such as cancer.
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Introduction ated co-morbidities, such as cardiovascular dis-
ease (CVD) and cancer [7, 8].

Recent research has linked metabolic abnor-

malities amongst other diseases with elevated
levels of C-reactive protein (CRP) and gamma-
glutamyl transferase (GGT) [1-5], however,
some studies cite increased risk of a multitude
of diseases in individuals with GGT in a normal
range [6]. Evidence in large studies does appear
limited. Aside from their link with the metabolic
abnormalities, these biomarkers have been
directly associated to increased risk of associ-

C-reactive protein is known for its sensitivity in
response to inflammation and its prediction of
risk for coronary diseases [9, 10]. GGT is a pro-
tein found in many tissues, but has a particular
affinity as a marker of liver dysfunction, making
it invaluable as a diagnostic marker [11]. While
traditionally interpreted as in indication of liver
disease, new theories suggest that elevated
GGT is reflective of atherogenesis and oxidative
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Figure 1. Study population and subgroup selection.

stress, making it a good marker for coronary
diseases and also risk of stroke [11-14].

Additionally, a number of studies [15-18] have
already cited a link between GGT and CRP and
cancer, another disease with increased risk
seen in individuals with abnormal metabolic
profiles. This is thought to be biologically plau-
sible given the strength of evidence of oxidative
stress [19] and inflammation [20] seen across
multiple cancer types.

The goal of this study is to broaden the existing
evidence base for GGT and CRP as alternative
markers of metabolic abnormalities through
the use of a large European-based study popu-
lation. While these previous studies do present
interesting data, due to missing data on hyper-
tension and BMI we will focus on dyslipidemia
and hyperglycaemia. We assessed whether the
direct associations between elevated levels of
these biomarkers and dyslipidemia and hyper-
triglyceridemia were observed in a Swedish
population with the use of a large, well-defined
database [15-18].

Research design and methods
Study population and data collection

The Swedish AMORIS database has been
described in detail elsewhere [21-23]. Briefly,
this database is based on the linkage of the
Central Automation Laboratory (CALAB) data-
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base to several Swedish
national registries such as the
National Cancer Register, the
Cause of Death Register, the
consecutive Swedish
Censuses during 1970-1990,
and the National Register of
Emigration by using the
Swedish  10-digit personal
identity number to provide
information on socio-econom-
ic status (SES), vital status,
cancer diagnosis, and emigra-
tion. The CALAB database
includes data from 351,487
male and 338,101 female
healthy individuals having clin-
ical laboratory testing as part
of a general health check-up
or outpatients referred for laboratory testing.
This study complied with the Declaration of
Helsinki, and the ethics review board of the
Karolinska Institute approved the study.

We selected a sub-cohort of all persons age 20
years or older, whose levels of triglycerides
(mmol/L), total cholesterol (mmol/L), glucose
(mmol/L), GGT, ALT and CRP were measured at
baseline (n=333,313). All subjects were free of
cancer at time of entry and none were previ-
ously diagnosed with cancer or had a history of
cardiovascular disease (CVD). All subjects with
a cancer diagnosis or CVD event < 1 year fol-
low-up were excluded from the study. Of those
included, a total of 63,852 had an additional
baseline measurement of body-mass index
(BMI, kg/m?) and a total of 78,006 persons had
baseline information of HDL (mmol/L). Follow-
up time was defined for each individual as the
time from blood analyses until date of event
(CVD or cancer diagnosis), emigration, death, or
study closing date (315t of December 2002),
whichever occurred first (Figure 1).

The CALAB database also contained informa-
tion on age and fasting status. All other infor-
mation was obtained from the above men-
tioned national registries. Diagnosis of
cardiovascular disease (ICD-10: 100-199) and
lung disease (ICD-10: JO0O-J99) was taken from
the National Patient Register and cancer diag-
nosis from the National Cancer Registry (ICD-7:
180). Socio-economic status (SES) is based on
occupational groups and classifies gainfully
employed subjects into manual workers and
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Table 1. Composition of GGT-CRP score based on levels of GGT and CRP

GGT levels (U/L) GGT value CRP levels (mg/L) CRP value GGT-CRP score
<15 1 <10 1 2
<15 1 10-19 3
15-24 2 <10 1 3
15-24 2 10-19 2 4
15-24 2 >19 3 5
>24 3 10-19 2 5
>24 3 >19 3 6
non-manual employees, below designated analysis. The latter one is a marker of hepato-

blue-collar and white-collar workers [24].

The quantitative determination of GGT was per-
formed with an enzymatic colorimetric test
using L-y-glutamyl-3-carboxy-4-nitroanilide as
donor substrate at a temperature of 37°C,
which is the reference method recommended
by the International Federation of Clinical
Chemistry and Laboratory Medicine (IFCC) [25].
ALT was measured with an enzymatic UV-test
according to IFCC, including incubation with
pyridoxal phosphate. The coefficient of varia-
tion was <6.0% for both GGT and ALT. The quan-
titative determination of CRP was done with an
established turbidimetric assay (reagents from
Orion Diagnostics, Finland) using fully automat-
ed multichannel analyzers (an AutoChemist-
PRISMA, New Clinicon, Stockholm, Sweden,
1985-1992) and DAX 96, Technicon
Instruments Corporation, Tarrytown, NY, USA,
1993-1996). High sensitive CRP was not avail-
able at any time of the period of blood sampling
collection [26]. Total cholesterol and TG were
measured enzymatically and levels were stan-
dardised according to the World Health
Organisation International Federation of
Clinical Chemists protocols (IFCC) [22, 23].
Similarly, ALT was measured with an enzymatic
UV-test according to IFCC, including incubation
with pyridoxal phosphate. Glucose was mea-
sured enzymatically with a glucose-oxidase/
peroxidase method. The concentration of HDL
were calculated and the validation procedures
have been reported [21]. All methods were fully
automated with automatic calibration and per-
formed at one accredited laboratory [23].

Statistical analysis

First, we calculated the Pearson correlation
coefficients between components of the meta-
bolic profile (glucose, TG, HDL, BMI, and TC)
and GGT, CRP, as well as ALT to test for associa-
tions between the components included in our
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cellular damage [27] and was used to identify
whether the association between GGT and
components of the metabolic profile was driven
by liver dysfunction. In the next step, we
assessed whether GGT and CRP are predictive
for risk of cardiovascular disease (CVD) and
cancer, as is the case in those with abnormal
metabolic profiles [7, 28, 29]. In order to inves-
tigate the combined effect of GGT and CRP, we
created the ‘GGT-CRP score’. This score was
devised based on levels of both GGT and CRP.
The levels of GGT were based on tertiles, result-
ing in the assignment of a value of 1, 2, or 3
depending on what tertile the individual's GGT
level was. The levels of CRP were also divided
into three groups using the clinical cut-off of 10
mg/L and the median amongst those with a
CRP level > 10 mg/L. These cut-offs were cho-
sen because CRP was not measured using a
high-sensitive measurement. This also enabled
the assignment of a value of 1, 2, or 3 depend-
ing on the individual’s CRP level. The GGT-CRP
score was then the sum of the level value for
GGT and CRP (Table 1).

We evaluated the association between the
GGT-CRP score and risk of CVD as well as with
cancer using multivariate Cox proportional haz-
ard models. A test for trend was conducted by
using assignment to categories of the GGT-CRP
score as an ordinal scale. All models took into
account age, sex, SES, fasting status, history of
circulatory disease (ICD-10: 100-199), history of
lung disease (ICD-10: JO0-J99), and ALT (U/L).

To verify the known association between per-
turbed metabolic profiles and risk of CVD and
cancer in our own study population, we repeat-
ed the above multivariate Cox proportional haz-
ards models in the two subgroups with BMI and
HDL measurements. We first assessed the
components of the metabolic profile available
in our study by indicating how many of the fol-
lowing components were above the NCEP cut-
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offs: glucose (>6.11 mmol/L), TG (>1.71
mmol/L), and TC (>6.50 mmol/L) [30]. In those
individuals with additional baseline measure-
ments of BMI we also used obesity (BMI >25
kg/m?) as a component we investigated. In the
subgroup with additional baseline measure-
ments of HDL, we assessed the presence of a
perturbed metabolic profile by using measure-
ments of glucose, TG, and HDL (<1.03 mmol/L)
instead of TC [30]. In addition, we evaluated the
additivity of GGT and CRP using a synergy index.

We then considered the probability of reverse
causation by conducting a sensitivity analysis
in which all men with follow-up < 3 years were
excluded [31].

Atest for additivity was conducted to determine
whether the simultaneous influence of the met-
abolic variables under consideration was great-
er than their individual effects on the
outcome.

Finally, we used the Pearson correlation coeffi-
cient to test whether there was a close associa-
tion between the GGT/CRP score and the com-
ponents of the metabolic profile available in our
study and then ran tests for concordance to
determine whether the score was an accurate
predictor of the risk of developing CVD and can-
cer [32]. All analyses were conducted with
Statistical Analysis Systems (SAS) release 9.2
(SAS Institute, Cary, NC).

Results

A total of 21,216 individuals (6.37%) developed
cancer, whereas 47,939 individuals (14.38%)
developed CVD. The majority of the study popu-
lation (83.99%) were gainfully employed as the
data was collected through routine health
checkups across companies. A description of
the demographics is shown in Table 2.

Firstly, we assessed the association between
GGT and CRP in relation to the components of
the metabolic profile available in our study
(results not shown). The strongest correlation
observed was observed for GGT and TG (r=0.22)
indicating little to no linear dependence
between the variables included. Stratification
by ALT levels had no effect on the relation
between GGT or CRP and components of the
metabolic profile except for GGT and BMI where
the correlation was negated when ALT was >50
(r=0.01). There was also a reduction in the cor-
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relation between GGT and triglycerides when
ALT was >50 (r=0.15).

Next we assessed how GGT and CRP (when
combined) had an effect on risk of cancer and
CVD, as both diseases have been linked to met-
abolic abnormalities. This index, independent
of abnormal metabolic profiles, is associated
with an increased risk of developing cancer and
possibly, albeit weaker, also CVD. The greatest
risk of CVD was found when GGT-CRP score = 6
(HR: 1.40 (95%Cl: 1.31-1.48)), compared to
GGT-CRP score = 0. A similar trend was found
when studying the number of components of
metabolic profile (as available in our study) in
relation to CVD risk; risk increases with the
presence of each additional component (e.g.
HR for those with three abnormal metabolic
profile components: 1.40 (95%Cl: 1.31-1.48)
(Table 3).

Given the known association between meta-
bolic abnormalities and cancer, we then
assessed the association between GGT-CRP
and cancer (Table 4). A positive trend was iden-
tified between GGT-CRP and the risk of cancer
with the greatest cancer risk when GGT-CRP
score = 6 (HR: 1.60 (95%Cl: 1.47-1.76)), com-
pared to GGT-CRP score = 0. Again, an increas-
ing number of abnormal metabolic components
(as available in our study) was found to be posi-
tively associated with risk of cancer (e.g. for
those with three abnormal components: 1.11
(95%Cl: 1.00-1.22)) (Table 4).

A sensitivity analysis was carried out in order to
identify the possibility of reverse causation.
This was done by excluding those with follow-up
of < three years; it did not alter the trends
observed (results not shown).

When testing for an additive effect between the
GGT/CRP score and TC and TG, there were no
differences in the risk of either cancer or CVD
when compared to TC alone (e.g., HR for cancer
0.93 (0.90-0.96); and therefore no indication
of an additive effect. Notably, the risk of an indi-
vidual having a higher GGT or CRP did increase
significantly by the number of abnormal meta-
bolic components the individual had (e.g., 84%
of individuals with five abnormal metabolic
components had high levels of GGT (=24mg/L).

The Pearson correlation coefficient (r=0.27)
indicated that the GGT/CRP score was statisti-
cally significantly, albeit weak, associated with
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Table 2. Descriptive characteristics by number of abnormal metabolic components

< 2 Abnormal Metabolic
Components (N= 329036)

>2 Abnormal Metabolic
Components (N= 4277)

N (%) N (%)

Age (years) Mean (SD) 45.14 (13.98) 55.67 (11.46)
Gender

Men 156272 (42.14) 1541 (35.00)

Women 172625 (57.86) 2862 (65.00)
Socioeconomic Status

White collar 126646 (38.52) 1547 (35.14)

Blue collar 149738 (46.03) 2001 (45.45)

Not gainfully employed/ Missing 52513 (7.73) 855 (9.71)
Fasting status

Fasting 173916 (51.27) 2077 (47.17)

Non-fasting 79268 (25.51) 1359 (30.87)

Missing 75713 (23.21) 967 (21.96)
History of Circulatory disease (ICD10: 100-199)

Yes 21007 (8.20) 768 (17.44)

No 307890 (91.80) 3635 (82.56)
History of Lung Disease (ICD10: JOO-J99)

Yes 23245 (6.97) 314 (7.13)

No 305652 (93.03) 4089 (92.87)
Follow-up time (years) Mean (SD) 10.46 (3.38) 9.15 (3.63)
CRP (mg/L)

<10 280114 (84.79) 3575 (81.19)

10-15 35575 (10.88) 498 (11.31)

15-25 6273 (2.26) 192 (4.36)

25-50 4299 (1.31) 89 (2.02)

>50 2636 (0.77) 49 (1.11)
GGT (U/L)

Mean (SD) 28.53 (45.66) 71.37 (135.27)

Normal (<18) 158745 (40.42) 494 (14.17)

Normal high (18-36) 114317 (39.60) 1465 (42.01)

Elevated (36-72) 39951 (18.58) 1370 (39.29)

Highly elevated (>72) 2576 (1.39) 158 (4.53)
ALT (U/L)

Mean 0.46 (0.63) 0.72 (0.70)

<50 301450 (88.18) 3247 (73.75)

>50 27447 (11.82) 1156 (26.25)
Glucose (mmol/L)

Mean (SD) 5.02 (1.31) 8.68 (3.61)

<6.11 310357 (93.15) 0 (0.00)

>6.11 18540 (6.85) 4403 (100.00)
Triglycerides (mmol/L)

Mean (SD) 1.35(1.02) 3.71(2.95)

<1.71 261987 (78.60) 0 (0.00)

>1.71 66910 (21.40) 4403 (100.00)
Total Cholesterol (mmol/L)

Mean (SD) 5.56 (1.14) 7.44 (1.02)

<6.50 265582 (79.68) 0 (0.00)

>6.50 63315 (20.32) 4403 (100.00)
HDL (mmol/L)"

Mean 1.51 (0.41) 1.12 (0.40)

<1.03 8147 (17.18) 490 (40.53)

>1.03 68650 (82.82) 719 (59.47)

Missing 255294
Body Mass Index (kg/m2)**

Mean (SD) 24.59 (3.77) 28.11 (4.18)

<18.5 1062 (1.13) 1(0.13)

18.5-25 37154 (49.15) 156 (20.97)

25-30 20271 (31.19) 361 (48.52)

>30 4621 (10.53) 226 (30.38)

Missing 269448
CVD

Yes 46333 (18.55) 1606 (36.48)

No 282564 (81.45) 2797 (63.52)
Cancer

Yes 20781 (7.22) 435 (9.88)

No 308116 (92.78) 3968 (90.12)
Score (%)
GGT-CRP score = 2 98544 (22.82) 246 (5.59)
GGT-CRP score = 3 101429 (27.91) 601 (13.65)
GGT-CRP score = 4 108791 (41.58) 2884 (65.50)
GGT-CRP score =5 15907 (6.02) 481 (10.92)
GGT-CRP score = 6 4424 (1.66) 191 (4.34)
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Table 3. Hazard ratios (HR) and 95% Confidence Intervals (95%Cl) for the risk of CVD by GGT-CRP score
and number of abnormal metabolic components. All models were adjusted for gender, age, socioeco-
nomic status, fasting status, history of circulatory disease, history of lung disease, and ALT

N (%) N (%) HR (95%Cl)
With CVD N=47,939 Without CVD N=285,361
All
GGT-CRP score = 2 9089 (18.96) 89701 (31.43) 1.00 (Ref)
GGT-CRP score = 3 13335 (27.82) 88695 (31.08) 1.04 (1.01-1.07)
GGT-CRP score = 4 20208 (42.15) 91467 (81.90) 1.29 (1.26 - 1.32)
GGT-CRP score =5 4047 (8.44) 12143 (4.26) 0.97 (0.94 - 1.01)
GGT-CRP score = 6 1260 (2.63) 3355 (1.18) 1.40 (1.31-1.48)
P-value for trend <0.001
Number of components of the MetS (triglycerides 21.71, total cholesterol 26.50, glucose >6.11)
0 21874 (45.63) 190528 (66.77) 1.00 (Ref)
1 15993 (33.24) 68292 (23.93) 1.28 (1.22-1.35)
2 8526 (17.79) 23744 (8.32) 1.61 (1.52-1.71)
3 1606 (3.35) 2798 (0.98) 2.19 (1.93-2.48)
P-value for trend <0.001

Number of components of the MetS with BMI” (triglycerides >1.71, total cholesterol 26.50, glucose >6.11, BMI >30)

0 3671 (42.24) 35170 (63.76) 1.00 (Ref)

1 2814 (32.38) 13517 (24.50) 1.29 (1.23- 1.36)
2 1647 (18.95) 5267 (9.55) 1.58 (1.49- 1.67)
3 472 (5.43) 1068 (1.94) 2.15 (1.95- 2.37)
4 86 (0.99) 140 (0.25) 2.35(1.90- 2.92)
P-value for trend <0.001

Number of components of the MetS (triglycerides >1.71, HDL <1.03", glucose >6.11)

0 7441 (58.64) 48184 (58.64) 1.00 (Ref)

1 3029 (23.87) 11321 (23.87) 1.35 (1.25-1.47)
2 1765 (13.91) 1765 (13.91) 1.52 (1.37-1.68)
3 454 (3.58) 454 (3.58) 2.04 (1.80-2.32)
P-value for trend <0.001

“Measured in a subgroup of 63,852, ““Measured in a subgroup of 78,006.

an abnormal metabolic profile (results not
shown). The C-statistic for the association
between the GGT/CRP score and CVD was also
statistically significant (0.59 (95% 0.58-0.59)),
as it was for cancer (0.54 (0.53-0.55)).

Discussion

The findings from the current study showed that
GGT and CRP, independent of one another, are
weak markers of an abnormal metabolic pro-
file. However, when these two markers were
combined, they proved to be a fairly strong pre-
dictor of cancer independent of an abnormal
metabolic profile.

Studies which have examined the link between
GGT and CRP in relation to the risk of abnormal
metabolic profiles have generally found a posi-
tive association [22, 33, 34]. For example, one
study found that elevated levels of GGT and
high sensitivity CRP had a synergistic effect
and were associated with the Metabolic
Syndrome and insulin resistance [33].

Although an association was identified between
GGT, CRP and abnormal levels of metabolic
components in the current study, our findings
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suggest that these markers are not strong pre-
dictors as has been suggested in previous lit-
erature [2-5]. It is possible that previous stud-
ies saw associations because GGT and CRP are
more strongly related to BMI and/or hyperten-
sion, two measurements for which we had lim-
ited or no information available.

In addition, further studies also found a signifi-
cant association between GGT, CRP and risk of
developing cancer and CRP [16, 35, 36]. The
link between GGT and CRP in relation to risk of
CVD and cancer have mainly been investigated
in isolation, therefore making this study the first
to examine GGT and CRP levels simultaneously
in relation to CVD and cancer risk and thus
explore the possibility of a synergistic effect.

When testing the additive effect of the GGT/
CRP score and TC and TG there were no marked
differences observed in risk of either CVD or
cancer. This may indicate that these markers
could impact the risk of these diseases via dif-
ferent mechanisms, working largely indepen-
dently of one another. Another possibility is that
an elevated GGT/CRP score is an intermediary
between hypertension and/or BMI and CVD or
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Table 4. Hazard ratios (HR) and 95% Confidence Intervals (95%Cl) for the risk of cancer by GGT-CRP
score and number of abnormal metabolic components. All models were adjusted for gend, age, socio-
economic status, fasting status, history of circulatory disease, history of lung disease, and ALT

N (%) HR (95%Cl)

With Cancer N=21,216 Without Cancer N=312,084
All
GGT-CRP score = 2 4983 (23.49) 93807 (30.06) 1.00 (Ref)
GGT-CRP score = 3 6104 (28.77) 95926 (30.74) 1.01 (0.97 - 1.05)
GGT-CRP score = 4 7921 (37.34) 103754 (33.25) 1.12 (1.08 - 1.16)
GGT-CRP score =5 1664 (7.84) 14526 (4.65) 1.23(1.16 - 1.30)
GGT-CRP score = 6 544 (2.56) 4071 (1.30) 1.60 (1.47 - 1.76)

P-value for trend

<0.001

Number of components of the MetS (triglycerides >1.71, total cholesterol >6.50, glucose >6.11)

0 11607 (54.71)
1 6395 (30.14)
2 2779 (13.10)
3 435 (2.05)

P-value for trend

200795 (64.34)
77830 (24.94)
29491 (9.45)
3968 (1.27)

1.00 (Ref)
0.98 (0.91- 1.05)
0.94 (0.85- 1.04)
1.07 (0.84- 1.37)
<0.370

Number of components of the MetS with BMI™ (triglycerides >1.71, total cholesterol >6.50, glucose >6.11,

BMI >30)

0 2049 (52.01) 36792 (61.41) 1.00 (Ref)

1 1211 (30.74) 15120 (25.24) 1.00 (0.93- 1.07)
2 514 (13.05) 6400 (10.68) 0.92(0.83-1.01)
3 151 (3.83) 1389 (2.32) 1.22 (1.04- 1.45)
4 15 (0.38) 211 (0.35) 0.83 (0.50- 1.38)
P-value for trend 0.998

Number of components of the MetS (triglycerides >1.71, HDL <1.03"", glucose >6.11)

0 3489 (66.47) 52136 (71.66) 1.00 (Ref)

1 1094 (20.84) 13256 (18.22) 1.09 (0.97-1.23)
2 554 (10.55) 6332 (8.70) 0.83 (0.69-1.00)
3 112 (2.13) 1033 (1.42) 0.94 (0.73-1.22)

P-value for trend

“Measured in a subgroup of 63,900, “*Measured in a subgroup of 77,944.

cancer. This is plausible as CRP is a known
marker of inflammation [10], thus in the pres-
ence of hypertension and/or obesity, we would
expect levels to rise [37].

The increased likelihood of a higher GGT/CRP
with a higher number of abnormal metabolic
components observed in this study does sug-
gest that GGT and/or CRP could be intermediar-
ies between perturbed metabolic profiles and
associated diseases. When combined with
existing evidence for an association between
hypertension/BMI and risk of both CVD and
cancer [38, 39], the results obtained here sup-
port a plausible argument that CRP could be an
intermediary which, in turn, could potentially
prove helpful in predicting higher risk individu-
als, subject to further research.

Given that there are only a small number of
studies that have assessed the relation
between GGT, CRP and the risk of developing
an abnormal metabolic profile it is too early for
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any firm conclusions to be drawn. Although the
findings in this study were statistically signifi-
cant, it remains difficult to identify whether
these commonly used biomarkers (GGT and
CRP) are intermediates between developing an
abnormal metabolic profile and then CVD or
cancer, or whether they act as confounders.
For example, due to an unhealthy lifestyle indi-
viduals may develop risk factors associated
with abnormal metabolic profiles, which conse-
quently may result in liver dysfunction and
inflammation and thus elevated levels of GGT
and CRP. This can eventually increase risk of
developing associated diseases which include
CVD and cancer.

Further research in this field is required to
develop a better understanding of the mecha-
nism behind the association between these
commonly used biomarkers, perturbed meta-
bolic profiles and risk of developing associated
diseases, including CVD and cancer. In particu-
lar, multicentre studies are warranted amongst
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European populations to identify whether GGT
and CRP are good predictors of abnormal meta-
bolic profiles as well as associated diseases.
This is particularly important given the high
prevalence of obesity and the associated dys-
lipidemia across these regions [40, 41].

The main strengths of this study was the large
sample size consisting of individuals with pro-
spective measurements of GGT, CRP, ALT, tri-
glycerides, total cholesterol and glucose from
the AMORIS database, all measured at the
same clinical laboratory, and the longitudinal
cohort study design. In addition, the database
also provided complete follow-up for all sub-
jects including detailed information on cancer
diagnosis, emigration and time of death. The
study population in AMORIS was selected by
analysing blood samples from routine health
check-ups in  non-hospitalised persons.
Nonetheless, the selection of a healthy cohort
does not affect the internal validity in this study.
A limitation to the current study is that there
was no access to other commonly used inflam-
matory markers such as high sensitive-CRP
(hs-CRP) and IL-6. Furthermore, hs-CRP did not
exist at the time of data collection or analysis
and thus it was not possible to specify CRP con-
centrations of <10mg/L. However, 10mg/L is
found to be a reliable cut off as it has been
widely used in general medicine prior to the
introduction of hs-CRP assay [42]. Another limi-
tation to this study was the lack of data on
hypertension and BMI for the whole study
cohort as well as the lack of data on potential
confounding variables such as smoking status
and alcohol consumption. However as a proxy
for smoking status all models were adjusted for
history of lung disease.

Conclusion

In conclusion, while GGT and CRP have been
shown to be associated with abnormal meta-
bolic profiles previously, their association to the
components investigated in this study was lim-
ited. That said the present study did demon-
strate that these markers were predictive of the
risk of diseases commonly associated with per-
turbed metabolic profiles. This area would ben-
efit from intervention studies aimed to deter-
mine whether lifestyle changes could reduce
GGT and CRP levels and subsequently the risk
of abnormal metabolic profiles and associated
diseases.
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