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Relationship between elevated serum gamma-glutamyltransferase
activity and slow coronary flow

Yüksek serum gama-glutamiltransferaz aktivitesi ile yavaş koroner akım arasındaki ilişki
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Objectives: We evaluated the relationship between coro-
nary blood flow and serum gamma-glutamyltransferase 
(GGT) activity in patients with slow coronary flow (SCF). 

Study design: The study included 90 patients (47 men, 
43 women; mean age 50.8±9.4 years) with SCF and 88 
patients (45 men, 43 women; mean age 51.4±8.8 years) 
with coronary artery disease (CAD), whose diagnoses were 
made by coronary angiography. Patients with CAD had nor-
mal coronary flow. Coronary flow was quantified using the 
corrected TIMI frame count (TFC) method and serum levels 
of gamma-glutamyltransferase were measured. The results 
were compared with those of a control group consisting of 
86 age- and sex-matched patients who had normal coronary 
arteries and normal coronary flow.

Results: The three groups were similar with respect to 
body mass index, presence of hypertension and diabetes 
mellitus, lipid profiles, and fasting glucose. The use of medi-
cations was significantly more common in the CAD group 
(p<0.01). Compared to the control group, serum GGT activ-
ity was significantly increased in both SCF and CAD groups 
(p<0.01), but these two groups did not differ significantly in 
this respect (p=0.71). The TFCs for all the epicardial coro-
nary arteries and the mean TFC were significantly higher in 
the SCF group (p<0.01). Patients with CAD and the controls 
had similar TFC parameters. The mean TFC showed a 
positive and moderate correlation with serum GGT activ-
ity (r=0.326; p<0.001). In regression analysis, serum GGT 
activity was found as the only independent predictor of the 
mean TFC (β=0.309; p<0.001).

Conclusion: We have shown for the first time an asso-
ciation between increased serum GGT activity and SCF. 
Further clinical studies are needed to clarify the physio-
pathologic role of serum GGT activity in SCF.
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Amaç: Çalışmamızda yavaş koroner kan akımı (YKA) olan 
hastalarda serum gama-glutamiltransferaz (GGT) aktivitesi 
ile koroner kan akımı arasındaki ilişki araştırıldı.

Ça lış ma pla nı: Çalışmaya YKA saptanan 90 hasta (47 
erkek, 43 kadın; ort. yaş 50.8±9.4) ve koroner arter has-
talığı (KAH) olan 88 hasta (45 erkek, 43 kadın; ort. yaş 
50.8±9.4) alındı. Yavaş koroner kan akımı ve KAH tanı-
ları koroner anjiyografi ile kondu. Koroner arter hastalığı 
olan grupta normal koroner akım vardı. Tüm hastalarda 
koroner akım düzeltilmiş TIMI kare sayısı ile değerlen-
dirildi ve serum GGT düzeyleri ölçüldü. Sonuçlar, yaş 
ve cinsiyet uyumlu ve koroner arterleri ve koroner akımı 
normal bulunan 86 hastadan oluşan kontrol grubuyla 
karşılaştırıldı. 

Bul gu lar: Gruplar arasında beden kütle indeksi, hipertansi-
yon ve diyabet varlığı, lipit profili ve açlık kan şekeri açısın-
dan fark yoktu. Koroner arter hastalığı olan grupta ilaç kul-
lanımı anlamlı derecede fazlaydı (p<0.01). Kontrol grubuyla 
karşılaştırıldığında, serum GGT aktivitesi YKA’lı ve KAH’li 
gruplarda anlamlı derecede yüksek bulundu (p<0.01); 
ancak, iki grup arasında bu açıdan fark yoktu (p=0.71). 
Epikardiyal koroner arterlerde ölçülen TIMI kare sayıları ve 
ortalama TIMI kare sayısı YKA grubunda anlamlı derecede 
yüksek bulundu (p<0.01). TIMI kare sayıları açısından KAH 
grubu ile kontrol grubu arasında fark yoktu. Ortalama TIMI 
kare sayısı serum GGT düzeyi ile orta düzeyde pozitif ilişki 
gösterdi (r=0.326; p<0.001). Regresyon analizinde, serum 
GGT aktivitesi ortalama TIMI kare sayısını öngörmede tek 
bağımsız değişken idi (β=0.309; p<0.001).

So nuç: Çalışmamızda artmış serum GGT aktivitesi ile 
YKA arasındaki ilişki ilk kez gösterilmiş olmaktadır. Serum 
GGT aktivitesinin YKA’da tam patofizyolojik rolünü ortaya 
koymak için ileri çalışmalara ihtiyaç vardır.

Anah tar söz cük ler: Kan akım hızı; koroner anjiyografi; koroner 
dolaşım; koroner hastalık; gama-glutamiltransferaz; kalp katete-
rizasyonu.
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The slow coronary flow (SCF) phenomenon is an 
angiographic finding characterized by delayed pas-
sage of angiographic contrast along the coronary 
arteries, in the absence of stenosis in the epicardial 
vessels. This phenomenon was first described in 1972 
by Tambe et al.[1] Many etiological factors such as 
microvascular and endothelial dysfunction, small-ves-
sel disease, and diffuse atherosclerosis are included 
among the causes of SCF,[2-4] but its etiopathogenesis 
is still unclear. Occlusive disease of small coronary 
arteries, which may be a form of early-phase athero-
sclerosis, has also been suggested as a cause.[5]

In the CARDIA study (Coronary Artery Risk 
Development in Young Adults), serum gamma-glu-
tamyltransferase (GGT) values were demonstrated to 
be strongly and positively correlated with determi-
nants of oxidative stress such as C-reactive protein 
(CRP), uric acid, and fibrinogen.[6] In addition, in 
patients with a history of myocardial infarction and 
documented coronary artery disease (CAD), it has 
been found that the level of GGT has an independent 
predictive value for mortality and non-fatal myocar-
dial infarction.[7]

We hypothesized that serum GGT activity may 
be associated with coronary blood flow since it was 
also shown to be associated with atherosclerosis and 
oxidative stress. Therefore, we aimed to evaluate the 
relationship between coronary blood flow (expressed 
by means of thrombolysis in myocardial infarction 
-TIMI- frame count) and serum GGT activity in 
patients with SCF. 

PATIENTS AND METHODS

Patient selection. The study included 90 patients (47 
men, 43 women; mean age 50.8±9.4 years) with SCF 
and 88 patients (45 men, 43 women; mean age 51.4±8.8 
years) with CAD whose diagnoses were made by cor-
onary angiography. Diagnosis of SCF was based on 
TIMI frame count (TFC) and the presence of normal 
coronary arteries without luminal irregularities. All 
the patients in the CAD group had stenotic lesions 
of greater than 20% and normal coronary flow. The 
control group consisted of age- and gender-matched 
86 patients who had normal coronary arteries and 
normal coronary flow on coronary angiography. In all 
the groups, the indication for coronary angiography 
was either the presence of typical angina or positive 
or equivocal results of noninvasive screening tests for 
myocardial ischemia. 

Exclusion criteria were prior myocardial infarc-
tion, valvular heart disease, cardiac rhythm other than 

sinus, heart failure, peripheral vascular disease, severe 
systemic disease, active hepatobiliary disease, and 
alcohol consumption. The study was approved by the 
institutional ethics committee, and informed consent 
was obtained from all patients.

Coronary angiography and documentation of TIMI 
frame count. Patients underwent selective coronary 
angiography using the standard Judkins technique. 
Coronary arteries were visualized in left and right 
oblique planes, and cranial and caudal angles. Left 
ventriculography was performed in left and right 
anterior oblique views. Injection of contrast medi-
um (Iopromide, Ultravist-370; Schering AG, Berlin, 
Germany) was carried out by an automatic injec-
tor at a speed of 3-4 ml/sec for the left coronary 
artery and 2-3 ml/sec for the right coronary artery. 
Arteriographies were recorded at a speed of 25 
frames/sec. Coronary flow was quantified objectively 
by two independent observers who were blinded to 
the clinical details of the individual participants, 
using the corrected TFC method. The first frame 
was defined by a column of contrast extending across 
more than 70% of the arterial lumen in an anterograde 
motion.[8] Since the normal frame counts for the left 
anterior descending (LAD) coronary artery are 1.7 
times greater than the mean for the left circumflex 
coronary artery and the right coronary artery,[9] the 
TFCs for the LAD were divided by 1.7 to derive the 
corrected TFC as described earlier.[10]

Definition of slow coronary flow. All participants 
with a corrected TFC greater than two standard devi-
ations from the normal range reported for the particu-
lar vessel were accepted as having SCF while those 
whose corrected TFC fell within two standard devia-
tions were considered to have normal coronary flow.[8] 
After assessment of coronary flow using the corrected 
TFC method,[8] the mean corrected TFC was derived 
by averaging the sum of the corrected TFCs for the 
LAD, left circumflex coronary artery, and right coro-
nary artery. Intra- and interobserver variabilities for 
TFC were 0.961 and 0.933, respectively.

Biochemical measurements. Blood samples were 
drawn without stasis at 7-8 AM after 20 minutes of 
supine rest following a fasting period of 12 hours. 
Glucose, creatinine, and lipid profiles were deter-
mined by standard methods. The activity of GGT was 
measured by using a Roche Modular P-800 autoana-
lyzer with original kits.

Statistical analysis. Continuous variables were 
given as mean±standard deviation (SD) and cat-



170 Türk Kardiyol Dern Arş

egorical variables were expressed as percentages. 
Data were tested for normal distribution using the 
Kolmogorov-Smirnov test. Groups were compared 
with the Kruskal-Wallis test for multiple compari-
sons. When a significant difference between three 
groups was observed by using Kruskal-Wallis test, 
Mann-Whitney U-test was used for determination of 
difference between couples. Correlations between the 
mean TFC and clinical-laboratory parameters were 
assessed by the Pearson correlation test. Multiple lin-
ear regression analysis was performed to identify the 
independent predictors of the mean TFC. Statistical 
significance was defined as p<0.05. The SPSS statisti-
cal software (SPSS for windows 10.0) was used for all 
statistical calculations.

RESULTS

The clinical characteristics, laboratory parameters and 
TFC values of the SCF, CAD, and control groups are 
presented in Table 1. Age, body mass index, presence 
of hypertension and diabetes mellitus, lipid profiles, 
and fasting glucose levels were not different between 
the three groups. Laboratory characteristics of the 
groups were not statistically different (Table 1). The 
use of medications including angiotensin-converting 
enzyme (ACE) inhibitor, beta-blocker, statin, and 
aspirin was significantly higher in the CAD group 
(p<0.01). Compared to the control group, serum GGT 
activity was significantly increased in both SCF and 
CAD groups (p<0.01), but the two groups did not dif-
fer significantly in this respect (p=0.71).

Table 1. Baseline clinical and laboratory characteristics of the three groups

 SCF group (n=90) CAD group (n=88) Control group (n=86)

 n % Mean±SD n % Mean±SD n % Mean±SD p

Age (years)   50.8±9.4   51.4±8.8   51.6±10.1 0.39
Sex           0.40

Males 47 52.2  45 51.1  44 51.2 
Female 43 47.8  43 48.9  42 48.8

Systemic hypertension  21 23.3  21 23.9  20 23.3  0.32
Heart rate (beat/min)   75.3±8.8   77.6±9.1   74.1±7.9 0.27
Diabetes mellitus 12 13.3  11 12.5  11 12.8  0.58 
Smoking 35 38.9  31 35.2  27 31.4  0.26
Body mass index (kg/m2)   25.9±5.5   26.1±5.8   26.2±6.0 0.32
Laboratory findings

Fasting glucose (mg/dl)   99.0±12.0   105.0±15.0   102.0±11.0 0.51
Gamma-glutamyltransferase (U/l)   30.5±7.2   30.0±7.4   22.1±5.2 <0.01
Aspartate aminotransferase (U/l)   22.7±6.7   21.9±6.5   21.9±6.2 0.84
Alanine aminotransferase (U/l)   22.9±5.7   22.9±5.8   22.6±5.8 0.81 
Alkaline phosphatase (U/Ll)   155.4±55.8   155.6±52.9   154.2±51.2 0.77
Total bilirubin (mg/dl)   0.70±0.22   0.74±0.24   0.68±0.19 0.82
Direct bilirubin (mg/dl)   0.23±0.13   0.25±0.13   0.22±0.14 0.85
Hemoglobin (g/dl)   13.8±1.6   13.4±1.3   13.5±1.2 0.28
Total cholesterol (mg/dl)   195.8±50.9   196.5±43.7   198.0±39.5 0.82
LDL-cholesterol (mg/dl)   120.0± 26.2   122.0±24.6   117.0±28.7 0.80
HDL-cholesterol (mg/dl)   44.2±11.4   44.8±10.6   45.7±9.8 0.82
Triglycerides (mg/dl)   147.8±51.3   149.4±45.8   152.3±44.7 0.93
Creatinine (mg/dl)   0.94±0.18   0.92±0.13   0.93±0.15 0.80

Medications
Beta-blocker 10 11.1  44 50.0  7 8.1  <0.01
ACE inhibitor 9 10.0  40 45.5  10 11.6  <0.01
Aspirin 25 27.8  80 90.9  6 7.0  <0.01
Statin 8 8.9  62 70.5  11 12.8  <0.01
Calcium channel blockers 4 4.4  4 4.6  5 5.8  0.34

TIMI frame count (TFC)
Left anterior descending (LAD)   44.1±6.4   28.6±5.5   27.1±4.8 <0.01
Corrected TFC of LAD   26.0±3.8   17.2±3.2   16.6±3.1 <0.01
Left circumflex artery   22.2±3.7   16.7±3.1   16.3±3.3 <0.01
Right coronary artery   21.1±6.1   15.9±2.9   15.5±2.8 <0.01
Mean TFC   23.1±2.5   16.6±2.6   16.1±2.3 <0.01

SCF: Slow coronary flow; CAD: Coronary artery disease; ACE: Angiotensin-converting enzyme.
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Of the three groups, the TFCs for all the epicardial 
coronary arteries and the mean TFC were significant-
ly higher in the SCF group (p<0.01; Table 1). Patients 
with CAD had similar TFC parameters compared to 
the controls.

Relationships between the mean TFC and clini-
cal and laboratory data are presented in Table 2. The 
mean TFC showed a positive and moderate correlation 
with serum GGT activity. In linear regression analysis, 
serum GGT activity was found as the only independent 
predictor of the mean TFC (β=0.309; p<0.001).

DISCUSSION

In the present study, we found that (i) GGT activ-
ity was significantly increased in patients with SCF 
and in patients with CAD compared to subjects 
with angiographically normal coronary arteries and 
normal coronary flow, (ii) serum GGT activity was 
significantly and moderately correlated with the mean 
TFC, and (iii) GGT was an independent predictor of 
the mean TFC and the presence of SCF.

The precise pathophysiological mechanism of the 
SCF phenomenon still remains uncertain. Small ves-
sel abnormality and dysfunction have been implicated 
in its pathogenesis.[1] Mangieri et al.[9] reported histo-
pathological findings of left ventricular endomyocar-
dial biopsy specimens in a group of 10 patients with 
SCF without any other cardiac or systemic diseases. 
They showed evidence for small vessel abnormality 
as endothelial thickening due to cell edema, capil-

lary damage, and reduced luminal diameter of the 
small vessels. Additionally, inflammation,[11,12] plate-
let function disorder,[13,14] and imbalance of vasoac-
tive substances[15,16] have also been implicated in the 
pathogenesis of the SCF phenomenon. 

Serum paraoxonase (PON) is a high-density lipo-
protein-bound antioxidant enzyme that inhibits athero-
sclerosis and endothelial dysfunction. Yıldız et al.[17] 
reported that serum PON activity was independently 
associated with the mean TFC, suggesting that reduced 
serum PON activity might represent a biochemical 
marker of SCF. Enli et al.[18] showed that patients with 
SCF had significantly increased serum malondial-
dehyde and erythrocyte superoxide dismutase levels 
and decreased erythrocyte-reduced glutathione levels 
compared to patients with normal coronary flow. These 
findings indicate that free radical damage may play a 
role in the pathogenesis of SCF.

Serum GGT activity has been used as a marker 
for alcohol consumption or hepatobiliary disease.[6] 

However, it has been shown in in vitro experiments 
that GGT activity is directly related to oxidative 
events, playing a role in the evolution of atheromatous 
plaque and induces LDL oxidation in the presence of 
iron ions.[19-22] Gamma-glutamyltransferase activity 
has been identified in human atheromatous plaques.[22] 
The prognostic significance of GGT has been stud-
ied extensively. A prospective research among CAD 
patients revealed that the prognostic significance of 
serum GGT activity was particularly evident in a 
subset of ischemic patients with multi-vessel CAD 
and previous myocardial infarction.[23] This finding 
suggests that the significance of serum GGT activ-
ity is more pronounced in patients having vulnerable 
plaques. In vitro studies showed that, in the presence 
of an iron source, such as transferrin, LDL oxidation 
catalyzed by GGT played an important role in plaque 
development.[19-22] All these findings point out to the 
possible role of GGT in the development of SCF. 

Coronary microvasculature, with small-diameter 
and well-developed media, is the major vascular 
determinant of coronary vascular resistance[24] and 
atherosclerosis and dysfunction of coronary micro-
vasculature are well-known pathophysiologic mecha-
nisms of SCF.[5] In a recent article, Erdoğan et al.[25] 
reported that the coronary flow reserve, which reflects 
coronary microvascular function, was impaired in 
patients with SCF and corrected TFC was correlated 
with coronary flow reserve. 

In our study, the TFCs for all the epicardial coro-
nary arteries and the mean TFC were significantly 

Table 2. Relationship between the mean TIMI frame 
count and clinical and laboratory parameters

 Pearson Regression
 analysis analysis

 r p β p

Age 0.122 0.542  
Sex 0.237 0.168  
Body mass index 0.156 0.215  
Hypertension 0.044 0.875  
Diabetes mellitus 0.245 0.124  
Smoking 0.219 0.466  
Heart rate -0.231 0.017 -0.098 0.174
Total cholesterol -0.194 0.365  
LDL-cholesterol -0.064 0.411  
HDL-cholesterol -0.094 0.251  
Triglyceride 0.107 0.687  
Fasting glucose 0.156 0.569  
Creatinine 0.105 0.765  
Hemoglobin 0.187 0.654  
Serum GGT activity 0.326 <0.001 0.309 <0.001
Coronary artery disease 0.198 0.123  
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higher in the SCF group compared to patients with 
CAD and controls. On the other hand, serum GGT 
activity was significantly increased in both SCF and 
CAD groups. These findings were consistent with 
our expectations for the SCF group, but were unex-
pected for the CAD group with normal coronary flow. 
This may suggest a relationship between increased 
GGT levels and the pathogenesis of atherosclerosis. 
Furthermore, several studies have demonstrated that 
medications such as dipyridamol, ACE inhibitors, 
calcium channel blockers, and statins have positive 
effects on microvascular dysfunction and SCF.[9,26-30] 
The use of these medications was significantly more 
common in the CAD group, which may account for 
the presence of normal coronary flow and TFCs.

There are some limitations of our study that should 
be taken into account. Diagnosis of normal coronary 
arteries depends on contrast angiograms of the ves-
sel lumen, which may underestimate the presence 
of atherosclerotic plaque.[31] Intravascular ultrasound 
(IVUS) provides a more precise assessment of the 
presence and distribution of atherosclerosis in vessel 
lumen and throughout the wall.[32] We did not have 
the opportunity to perform IVUS in this study. On 
the other hand, heart rate, nitrate use, and coronary 
catheter size may influence the frame count.[33] In this 
study, patients using nitrates were excluded and the 
catheters used in all the participants were of the same 
size. Heart rate was similar in the three groups and it 
was not an independent factor to affect the mean TFC 
in regression analysis. Thus, increased GGT levels in 
patients with CAD in the absence of SCF may have 
different mechanisms other than drug use. This can be 
better evaluated with the inclusion of another group of 
patients having both CAD and SCF. The absence of 
such a group is another limitation of our study. 

To our knowledge, this is the first study to report 
an association between increased serum GGT activ-
ity and SCF. Further studies are needed to clarify 
the physiopathologic role of serum GGT activity in 
patients with SCF.
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