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Background: Dyslipidemia remains underdiagnosed and under-
treated in patients with coronary artery disease. The Computer-
based Clinical Decision Support System provides an opportunity to 
close these gaps.
Objectives: To study the impact of computerized intervention on 
secondary prevention of CAD.
Methods: The CDSS was programmed to automatically detect 
patients with CAD and to evaluate the availability of an updated 
lipoprotein profile and treatment with lipid-lowering drugs. The 
program produced automatic computer-generated monitoring 
and treatment recommendations. Adjusted primary clinics were 
randomly assigned to intervention (n=56) or standard care arms 
(n=56). reminders were mailed to the primary medical teams in the 
intervention arm every 4 months updating them with current lipid 
levels and recommendations for further treatment. Compliance and 
lipid levels were monitored. The study group comprised all patients 
with CAD who were alive at least 3 months after hospitalization.
results: Follow-up was available for 7448 patients (median 19.8 
months, range 6–36 months). Overall, 51.7% of patients were 
adequately screened, and 55.7% of patients were compliant 
with treatment to lower lipid level. In patients with initial low 
density lipoprotein > 120 mg/dl, a significant decrease in LDL 
levels was observed in both arms, but was more pronounced 
in the intervention arm: 121.9 ± 34.2 vs. 124.3 ± 34.6 mg/dl (P < 
0.02). A significantly lower rate of cardiac rehospitalizations was 
documented in patients who were adequately treated with lipid-
lowering drugs, 37% vs. 40.9% (P < 0.001).
conclusions: This initial assessment of our data represent a real-
world snapshot where physicians and CAD patients often do not 
adhere to clinical guidelines, presenting a major obstacle to imple-
menting effective secondary prevention. Our automatic computer-
ized reminders system substantially facilitates adherence to guide-
lines and supports wide-range implementation. IMAJ 2009;11:23–29
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e pidemiological and intervention trials have shown that 
lowering low density lipoprotein-cholesterol with sta-

tins in patients with coronary artery disease significantly 
improves clinical outcomes [1,2] in a favorable cost-benefit 
manner [3]. Practice guidelines published as early as 2001 
strongly recommend performing a lipoprotein analysis in 
every patient with proven CAD and reducing the LDL-
cholesterol levels to below 100–115 mg/dl [4]. Nevertheless, 
secondary CAD prevention surveys indicate a wide thera-
peutic gap between scientific evidence and practice [5]. A 
specialized and expensive hyperlipidemia clinic intervention 
achieved better control of multi-risk factors [6]. However, 
it has been suggested that a computerized feedback system 
could be used to achieve mass control of treatment goals 
[7]. Among the many factors that may explain this treat-
ment gap, patient and physician compliance and the health 
system organization’s attitude are probably the most impor-
tant [8,9]. 

In recent years, computerized decision support systems 
have been introduced into medical practice. It has been 
demonstrated that when used as a preventive care reminder, 
they enhance clinical performance, permit better drug dos-
ing, and improve preventive care [10-12]. These observa-
tions support the application of such systems as a large-scale 
intervention tool for secondary prevention [13]. 

A community health information network can facilitate 
information transfer and introduce treatment recommenda-

LDL = low density lipoprotein
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tions [10,14]. This system can be upgraded by integrating a 
computer-based clinical decision support system, produc-
ing a modality supporting primary care teams. However, 
the effects of the CDSS on patient outcomes have not been 
adequately studied [15]. We studied the impact of a CDSS 
mainly on secondary prevention measure outcomes in 
patients with CAD and dyslipidemia followed by primary 
care physicians. This was a pilot study to evaluate the feasi-
bility of such a system.

Patients anD MethODs

Clalit Health Services is the largest of the four health manage-
ment organizations in Israel. All members of the Southern 
District Clalit Health Services receive their secondary and 
tertiary care at the Soroka University Medical Center, a 
1000-bed hospital, which also receives the vast majority of 
readmissions. The CDSS system can integrate data from the 
hospital discharge diagnosis database, the laboratory database 
and the Clalit Health Services central pharmacy database. The 
patients in this particular study were followed in 144 primary 
care clinics; 32 clinics were excluded from the study because 
of low capacity. Participating clinics were matched based on 
geographic location, number and demographics of the listed 
patients, and number and speciality of physicians, totalling 
56 pairs of 112 clinics. The clinics in each pair were randomly 
assigned to 56 control clinics providing standard care and 
56 intervention clinics. The intervention clinics included 204 
general practitioners and 396 nurses. 

This was a cluster randomized trial comparing the inter-
vention with standard care in primary care clinics. The study 
protocol was approved by the local ethics committee. The 
inclusion criteria for participation were as follows:

Consecutive patients hospitalized at Soroka from January •	
2000 through December 2003 were screened for CAD 
diagnoses (ICD-9 codes: 410-414, 428, v36.0, v45.81, and 
v45.82) (That hospitalization is referred to as the index 
hospitalization) 
Alive at least 3 months after discharge•	
Age 20–80 years•	
Followed by Southern District Clalit primary care physi-•	
cians for at least another 6 months.

The exclusion criteria were:
Not members of Clalit•	
Patients not listed in any of the112 participating clinics•	
Patients considered to have significant co-morbidities (> •	
4.5) according to the Charlson co-morbidities index [16].

The data were collected from three routinely used data-
bases:

Admission, Transfer, and Discharge•	 . This database includes 
discharge diagnoses, using ICD-9 as well as demographic 

data and visits to the ambulatory consultation services. 
All diagnoses of the last 10 years were incorporated into 
the study database
Laboratory Information System.•	  This includes reports on 
all laboratory tests ordered by the medical center and by 
primary care clinics. Lipoprotein panel and creatinine 
levels within a time window of 6 months (± 3 months of 
hospitalization) were determined. For patients with acute 
coronary syndromes a normal lipoprotein panel was con-
sidered valid if taken within 24 of admission or at least 1 
month after discharge
District Pharmacy Information System•	 . This allows 
identification of medications dispensed by the Clalit 
pharmacies.

the cDss systeM

A computer-based clinical decision support system was 
created for dyslipidemia management based on National 
Cholesterol Education Program-III [4] and Israeli [17] 
guidelines for the management of dyslipidemia. The system 
determined diagnoses that were absolute contraindications 
for statin therapy (active liver disease, myositis, pregnancy) 
and excluded these patients from receiving reminders. 
Clinical conditions that require special attention, e.g., mild 
renal failure or cirrhosis of the liver, were reported to the GP. 
This algorithm produced automatic patient-specific remind-
ers for lipid monitoring or treatment. 

interVentiOn

In the intervention arm, a written reminder with patient-
tailored recommendations was mailed to the primary care 
physicians and nurses. The recommendations were based 
on the last 6 months data for new patients, and 4 months 
for patients in periodic follow-up. The reminder indicated 
the patient’s risk factors, lipoprotein values, and known 
dispensed medications. Lipid-lowering drug treatment was 
recommended only in patients with LDL > 110 mg/dl and 
consisted of either statin initiation (simvastatin 20 mg/day), 
statin up-titration (doubling the last registered dose), chang-
ing to a more potent statin or compliance evaluation

 For unresponsive and compliant patients it was recom-
mended that they be referred to a metabolic clinic. The 
primary care teams (physicians and nurses) were asked to 
identify patients who, according to their judgment, could not 
receive statins. A log of all the patients was collected after 
each periodic intervention, and records were maintained.This 
included patients who had contraindication for statins and 
were judged not to be reminded. No recommendation was 
sent to the patients directly. 

 It was emphasized that the GPs were free to decide whether 

GP = general practitioner
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to accept or refuse the recommendations. As a measure of 
quality control all the reminders during the first year of activ-
ity were reviewed by either a cardiologist or a lipidologist 
before mailing them out. Patient follow-up was based on the 
intention to treat and the initial reminder. Health services 
utilization, medication, admissions, and lipoprotein levels 
were monitored through the data sources.

Every 4 months the process was repeated, enrolling new 
patients, evaluating current lipoprotein profile and medi-
cation status of the patient’s cohort, and updating recom-
mendations.

PriMary enDPOints 

Appropriate lipoprotein monitoring.•	  At least one LDL 
measurement was expected during each 6 month interval 
Patients with at least 75% of screened 6 month intervals 
were considered to have adequate monitoring of LDL 
levels.
Initiation of statin therapy.•	  Patients were considered to 
be compliant with statin treatment if they purchased the 
following minimal number of pills after discharge: ≥ 25 
statin tablets in the first 2 months, ≥ 50 tablets in the first 
4 months, or ≥ 60 tablets in the first 6 months [18]. 
Optimizing statin treatment.•	  We evaluated the up-titration 
of medication doses in appropriate cases, whenever LDL 
cholesterol was above 110 mg/dl. Statins were divided into 
three groups according to their maximal LDL-cholesterol 
reduction potential: a) low potency = less than 30% reduc-
tion, b) medium potency = 30–45% reduction, and c) high 
potency = more than 45% reduction. Recommendations for 
statin up-titration were sent whenever the measured LDL 
cholesterol was above 110 mg/dl. 
Treatment trends.•	  Negative trends were defined as not 
receiving statin initially and during the follow-up (in 
cases where statin treatment was recommended), inap-
propriate discontinuation of statins, or down-titration. 
Positive trends were defined as appropriate initiation of 
statin treatment, appropriate up-titration, or appropriate 
continuous treatment with statin. 
LDL level reduction.•	  LDL levels at the beginning and at 
the end of follow-up.

secOnDary enDPOints

All-cause mortality •	
Rehospitalizations for major cardiovascular events: car-•	
diovascular mortality, non-fatal myocardial infarction, 
stroke/transient ischemic attack, coronary artery bypass 
grafting, catheter-based revascularization procedures, 
angiography, and unstable angina [1,19]
All other cardiovascular rehospitalizations: stable angina •	
pectoris, precordial pain, chest pain, defibrillator implanta-
tion, pacemaker, arrhythmia, heart failure, newly diagnosed 

cerebrovascular atherosclerosis or peripheral vascular dis-
ease, chronic ischemic heart disease, syncope, and collapse.

statistical analysis

Data were analyzed using an SPSS 12.0 package. Descriptive 
statistics were used for comparison of the groups. All analyses 
were conducted on an intention-to-treat basis. Inter-group 
differences for continuous variables were evaluated with 
the t-test and Mann-Whitney test. Univariate analysis with 
categorical variables was performed by chi-square test and 
Fisher’s exact test. Differences in means for more than two 
groups were detected by analysis of variance (ANOVA) 
or Kruskal-Wallis test, as appropriate. Analyses involving 
repeated measurements were conducted using multivariate 
analysis of variance (MANOVA). All statistical tests were 
two-sided and a value < 0.05 was considered significant.

The trial was designed principally to detect any difference 
between the intervention arm of the study, using a computer-
based clinical decision support system versus standard care. 
The study was designed to have 95% power to detect a 5% 
difference between the intervention and the control arms in 
improving monitoring and treatment for dyslipidemia and 
difference in LDL levels, expecting a relatively high propor-
tion of compliant patients. Multivariate analysis was used to 
determine the impact of various variables on the primary end- 
points and performed by logistic regression. Cox regression 
was used for the analysis of secondary outcomes, namely, 
all-cause mortality, major cardiovascular events, and cardio-
vascular hospitalizations.

results

The process of patient selection is presented in Figure 1. 
A minimum of 6 months follow-up was available for 7448 
patients (mean 21.0 ± 8.9 months, median 19.8 months, 
range 6–36.4 months). Table 1 presents characteristics of 
the study patients. Patients in the intervention (n=3695) and 
control groups (n=3753) were similar in most parameters. 
However, there were significantly more patients with a his-
tory of myocardial infarction (33.0% vs. 29.9%, P = 0.004) 
and percutaneous coronary intervention (26.2% vs. 23.8%, P 
= 0.019) in the intervention arm. 

MOnitOring anD MOnitOring OF lDl-chOlesterOl leVels

Initial monitoring was defined as the presence of a lipo-
protein profile within 6 months prior to or after the index 
hospitalization; 6645 patients (89.2%) had such a baseline 
lipid panel. There were 3854 patients (51.7%) with adequate 
monitoring. A higher rate of adequate monitoring was 
documented in the intervention arm (54.8% vs. 48.7%, P < 
0.001). Multivariate regression analysis of factors affecting 
monitoring is presented in Table 2. Positive predictive factors 
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of adequate monitoring were as follows: a history of previous 
invasive revascularization, having diabetes or dyslipidemia, 
rehospitalizations, being in the intervention arm, and fol-
lowed in a kibbutz clinic. Negative predictors of adequate 
monitoring were  active smoking and belonging to a minority 
ethnic group

In most of the hospitalizations a lipid profile was auto-
matically performed. As the rate of rehospitalizations during 
the follow-up period was 40%, the effect of the intervention 
would be distorted. Thus we performed a second multi-
regression analysis for 3425 patients who were not rehos-
pitalized, which showed that the independent effect of the 
intervention on monitoring became even stronger (relative 
risk = 1.423, confidence interval 1.24–1.64, P < 0.0001). 

MeDicatiOn

The treatment with statin was evaluated at enrollment and 
thereafter at 6 month intervals. Medication initiation or 
up-titration was recommended for patients with LDL levels 
above 110 mg/dl. The results showed that overall positive 
trends were minimally more prominent in the intervention 
arm (59.1% vs. 53.7%, P < 0.003). This difference constitutes 
a higher rate of drug initiation (2.5%), up-titration (1.8%) 
and avoiding drug cessation (1.1%). However, overall up-
titration in patients with LDL ≥ 110 mg/dl was poor, both in 
the intervention arm and in the control arm (8.6% vs. 7.4%, 
not significant).

Multivariable regression analysis of the factors that 
affect positive medical treatment behavior is presented in 
Table 3. The most powerful predictor of positive treatment 
behavior was having a diagnosis of dyslipidemia, receiv-
ing treatment in a kibbutz, and history of mechanical 
revascularization (PCI more than CABG). Being in the 
intervention arm had a modest yet significant effect on 
positive behavior. 

Analysis of drug usage (compliance) revealed that 28% of 
patients were taking > 75% of expected pills, 8% were taking 
50–75% of expected pills, 17% were taking 25–49%, and 47% 
were taking less than 25% of the expected number of pills. This 
calculation is of crucial importance in evaluating the effect of 
the intervention on LDL levels since only 28% of patients were 
taking a clinically meaningful dose of lipid-lowering drugs. 

iMPact On lDl leVels

The patient cohort was divided according to initial LDL 
levels: LDL < 110 mg/dl (38.5%), 110–120 mg/dl (9%) and 
> 120 mg/dl (52.5%). In the group of patients with initial 
LDL levels above 120 mg/dl a significant decrease in LDL 
levels was observed in the two groups, which was minimally 
more pronounced in the intervention arm (from 145.5 ± 

PCI = percutaneous coronary intevention
CABG = coronary artery bypass graft

Pcontrol (n = 3753)intervention (n = 3695)

0.00265.9 ± 10.265.3 ± 9.8Age (yrs), average ± SD

%n%n

0.76862.5234462.82320Male

clinics

0.76885.1319484.23113 urban

0.825 4.0 1503.9 144 Kibbutz

0.000 3.2 1215.1 187Private farms

0.142 7.7 2886.8 251Minorities

Medical history

0.00429.9112133.01218MI

0.19644.8168243.31601uA

0.84815.6 58515.4 570CHF

0.150 8.2 309 9.2 339CVA+

0.73813.5 50513.7 507PVD

0.01923.8 89526.2 968PCI

0.39116.8 63116.1 594CABG

0.77347.2177047.51755Mace during last year

risk factors

0.30859.8224561.02253Dyslipidemia

0.18673.0273971.62646Hypertension

0.91935.9134735.81322Diabetes

0.12122.3 83723.8 880Obesity

0.60337.1139237.71393Active smoker

0.456
4.0 ± 2.1

4.0 (0,16.0)
4.0 ± 2.0

4.0 (0, 14.0)

 Charlson index, average
± SD

 median (min, max)

0.557
2.3 (± 1.1)

2 (0; 5)
2.3 (± 1.1)

2 (0; 5)
 no. of risk factors,
 median (min, max)

CABG = coronary artery bypass grafting, CHF = congestive heart failure, CVA+ = 
stroke or carotid disease, MI = myocardial infarction, PCI = percutaneous coronary 
intervention, PVD = peripheral vascular disease, MACE = major cardiac events,  
uA = unstable angina

table 1. Demography and medical history of the study groups

Figure 1. Trial profile: enrollment and randomization to the 4C program

Screened hospitalized patients with IHD
n=12,408

Patients belonging to other HMOs
n=2671

Administrative exclusion
n=1349

Age < 20 or > 80 years
n=940

Eligible patients with IHD
n=7448

Intervention
n=3695

Control
n=3753
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22.3 mg/dl to 121.9 ± 34.2, mg/dl, 16.2% reduction) than in 
the control arm (from 145.8 ± 22.9 to 124.3 ± 34.6, 14.8% 
reduction; P < 0.02).

clinical iMPact

Assessing all cardiovascular related rehospitalizations (major 
and non-major cardiac effects) and all-cause mortality during 
the first year revealed a modest yet significant decrease of 
event-free survival in the intervention arm, 57.1% vs. 59.2% 
(P < 0.03). 

DiscussiOn

The results of the 4C Study demonstrate that a modest attenu-
ation of the treatment gap can be accomplished by computer-
ized interventions utilizing adjusted guidelines and appropri-
ate implementation in the community. Primary end points of 
the study concerning secondary prevention measures were 
partially achieved in a “real-world” setting that included a 
non-selected population. 

MOnitOring 

The intervention had a minimal improvement in lipoprotein 
profile monitoring. We estimate that in a real-world setting 
there is a maximum compliance ceiling of about 70% [20,21], 
thus there is an additional 20% range of further improvement.

MeDicatiOn 

Clinically meaningful statin treatment was initially docu-
mented only in 44% of patients, which corresponds to that 
reported in the literature [22] and with the ACSIS data for the 
years 2000–2002 [23]. The intervention had a minor positive 
effect on "positive behavior" of statin treatment primarily by 
increasing the percentage of patients receiving treatment. 
Importantly, up-titrating of statin treatment remained highly 
unsatisfactory. Receiving treatment in a kibbutz, typically a 
small and intimate clinic, managed primarily by nurses and 
with generally more compliant patients, was also highly pre-
dictive of better treatment, emphasizing the potential of good 
compliance in prevention treatment. It should be noted that 
in cases of apparent non-compliance, the system is unable to 
differentiate between patient non-compliance with the phy-
sician's recommendations, physician non-compliance with 
the guidelines, or the existence of specific circumstances that 
make the guideline recommendations inappropriate.

reDuctiOn OF lDl leVels 

A minimal yet significant (P < 0.02) decrease in LDL-
cholesterol levels in the intervention arm was documented 
in patients with initial LDL > 120 mg/dl. It should be 
reemphasized that our data represent real-world secondary 
prevention, where at least 40% of patients were not receiv-

ing a statin. At the end of the follow-up, only a minority of 
patients were using high dose statins despite having above-
target cholesterol levels. This supports the need to initiate 
high dose statins in all patients, irrespective of the baseline 
LDL-cholesterol level [2]. 

clinical iMPact

A minimal decease in cardiovascular rehospitalizations 
in the intervention arm was demonstrated. To date, many 
CDSS programs have shown some improvement in prac-
titioner performance, yet the effects on patient outcomes 
remain unclear [24]. 

innOVatiOn 

The 4C study included several innovations: 
Improvement of medical data integration•	 . The com-
puterized tool took advantage of three routine collection 
information systems. Drug consumption was evaluated 
by following the drugs purchased by the patient (not 
merely prescriptions issued). Smart manipulation of the 
laboratory data transformed it from statistical items into 
operative medical information expressed as automatic 
recommendations. Such a combination was identified as 
a predictor of success [25].

table 3. Factors affecting positive treatment (statin) behavior: results of  
logistic regression

Or lower upper P

Dyslipidemia 5.376 4.831 5.983 0.001

Kibbutz 2.431 1.803 3.277 0.001

After PCI 1.906 1.679 2.163 0.001

After CABG 1.396  1.21  1.61 0.001

intervention arm 1.232 1.112 1.365 0.001

rehospitalization 0.722 0.626 0.833 0.001

table 2. Factors affecting adequate monitoring behavior: results of logistic regression

PupperlowerOrFactor

< 0.0012.941.742.27Kibbutz

< 0.0011.741.341.54After CABG

< 0.0011.681.351.47Diabetes

< 0.0011.631.341.48rehospitalization

< 0.0011.621.331.47Dyslipidemia

< 0.0011.441.151.29After PCI

< 0.0011.411.171.28intervention arm

< 0.0021.071.011.04Charlson Index at baseline

< 0.0010.840.690.76Active smoking

< 0.0010.750.510.62Minority
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Real-world approach.•	  4C intervention included all 
administratively eligible CAD patients, a non-selected 
population. In contrast to clinical trials, in the real world 
patients often have multisystem co-morbid diseases and 
related contraindications to statin. We can estimate that 
at least 10% of patients eligible for a statin based on strict 
guidelines will be judged by their physicians as not suitable 
for treatment. This is in addition to another 10–20% of 
patients who would not comply with the recommendation 
due to psychosocial and physician-patient communica-
tion factors. These numbers represent a "medical ceiling" 
for strict guideline adherence. It would be reasonable to 
set a maximum goal of approximately 70–80% guideline 
adherence. The 4C initial intervention had a modest effect 
in narrowing the treatment gap by 6%, leaving a potential 
of 20% for improvement.
Negotiating compliance.•	  Only a minimal additional 
burden will be tolerated by the GP. We introduced com-
puterized clinical judgment in addition to the existing 
orthodox guidelines, yielding 'down to earth' clinical rec-
ommendations. With this in mind, the initial intervention 
was recommended only in patients with LDL > 110 mg/dl 
in order to avoid handling patients with near target level 
LDL, which would be perceived by the GPs as disturbing 
and cause mistrust in the system. Manipulating laboratory 
data based on clinical judgment (e.g., treating cholesterol 
> 220 mg/dl) avoids unnecessary blood tests, hopefully 
enhancing compliance. Annual site visits by the principal 
investigator perpetuated the motivation to fulfill recom-
mendations on the one hand and adjusting the system to 
the GP’s needs on the other.

4c interVentiOn liMitatiOns 

Our trial had several limitations. Firstly, we used only com-
puterized data, including diagnoses, relying on the GPs to 
validate the clinical information and act accordingly. This, 
however, would not bias the results as hospital physicians 
wrote diagnoses for both arms. Second, outcome measures 
were patient-based, but the interventions were aimed at 
health professionals. This study did not evaluate separately 
the impact of system, physician, and patient factors. Thirdly, 
in this report we present the initial phase of intervention with 
a very short follow-up. A long-term follow-up of multiple 
cardiovascular risk factors will allow better understanding of 
the impact of such CDSS. Finally, the study was not powered 
to detect clinical outcomes in the real-world setting where 
compliance approximates 50%. 

cOnclusiOns 

The 4C intervention showed that computer-based clinical 
decision support systems can moderately enhance second-

ary prevention measures and slightly reduce the number of 
cardiovascular rehospitalizations in a relatively short time. 
The main treatment obstacles were the low rate of statins 
administration and a very low rate of drug up-titration. 
Negotiating compliance with the physicians and creating a 
positive climate where the GP accepts the recommendation 
as a supportive intervention are the cornerstones for success. 
Algorithms that integrate clinical judgment and understand-
ing of phycicians' needs and ability to comply with computer-
ized recommendations are supportive. In view of the limita-
tions noted above there was only a modest improvement in 
adherence to guidelines with regard to secondary prevention 
in this system. 

 A comprehensive cardiovascular risk factors interven-
tion was recently introduced nationwide. A long-term 
follow-up of the advanced CDSS will allow better evalua-
tion of its impact. 
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rheumatoid arthritis is an inflammatory chronic 
and autoimmune disorder with various pathogenic 

mechanisms. One such mechanism is the existence of 
an abnormal CD4+ T cell subset related to inflammatory 
conditions, mainly rheumatoid arthritis (rA). In this line, 
Burgoyne et al. studied these abnormal cells in different 
chronic inflammatory disorders (rA, Crohn`s disease, 
osteoarthritis). The authors found T cells in rA and in 
Crohn`s disease, but not in osteoarthritis. During remission 

of rA, hyperproliferation of CD4+ cells was blocked and, 
interestingly, a high frequency of these inflammatory related 
T cells, in remission, was a good predictor of relapse within 
18 months. This study suggests that T cells are important in 
rA pathophysiology. Despite the lack of inflammation during 
remission, these cells persist and may play a role as circulating 
precursors of pathogenic cells in rheumatoid arthritis.
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abnormal t cell differentiation predicts relapse in rheumatoid arthritis 

It is well known that mercury exposure can induce immu- 
nological glomerulonephritis. In view of the fact that 

dental amalgam contains vapor of this metal, Guzzi et 
al. studied the frequency of antibodies against glom-
erular basement membrane (anti-GBM) in 24 individu-
als with side effects to mercury from dental amalgam 
fillings. Immunoglobulin-G anti-GBM antibodies were 
measured by ELISA. The authors did not observe cir-

culating anti-GBM antibodies in this population. This 
study showed that the long-term exposition to mercury 
vapor, even though the study subjects had confirmed 
adverse effects to this metal, did not induce anti-GBM 
antibodies.
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