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SUMMARY

BACKGROUND: The Medical Control Program for Occupational Health establishes the required supplementary exams, according to
the activity exercised by the worker and its inherent risks. The Regulatory Norm No. 35, recently deployed, stipulates that at-height
workers must undergo electrocardiogram exams as an additional routine examination.

OBJECTIVE: To evaluate the electrocardiographic standard in at-height.

METHODOLOGY: A cross-sectional study, developed from May 2014 to January 2015 with male at-height workers. Anthropometric and
clinical data were collected after the electrocardiogram (ECG). The workers included in the program were evaluated by an occupatio-
nal medicine service of Serra Gaticha, responsible for medical assessment and occupational tests. All workers were assessed by the
researcher.

RESULTS: A total of 561 at-height workers participated in the study. The average age was 35.9 £ 12.2 years. A total of 176 (31%) presented
electrocardiographic changes in the analysis of the resting ECG. Regarding the amendments in the resting ECG, 15.7% were attributed
to changes in ventricular repolarization, 8% as blocks conductions, and 5.8% as left ventricular overload. Demographic variables were
not associated with changes in the electrocardiographic tracing

CONCLUSION: This study demonstrated the electrocardiographic alterations and the profile of at-height workers. These findings can
help determine prevention strategies and provide warnings of possible future harms to the health of these workers.
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INTRODUCTION

Cardiovascular disease (CVD) is the leading cause  to the premature death of individuals over 30 years
of death worldwide, totaling 30% of all deaths glob-  old. Studies show that the estimates related to work
ally. The American Heart Association published that ~ and mortality caused by IHD, among the working
the overall rate for deaths attributed to CDV in 2013 age population, varies from 8% in Korea, to 17% in
was of 222.9/100,000 Americans, corresponding to ~ Denmark and Finland, with high costs to health sys-
30.8% of all deaths in the United States."? tems.>*

Ischemic Heart Disease (IHD) is the world leader The WHO recommends a reduction in 25% of
in the cause for loss of years in life expectancy due  deaths caused by chronic non-communicable diseas-
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es (NCDs). In Brazil, actions are aimed at the preven-
tion of CDV risk factors (RF).>® Among RFs, we can
cite systemic arterial hypertension (SAH), cholester-
ol, smoking, diabetes mellitus, and others’.

The Ministry of Labor and Employment, by means
of guidelines and standards, defines mechanisms for
the mitigation of risks and damages to the health of
workers, which are of the responsibility of both em-
ployer and employee. Complementary exams, in ac-
cordance with the activity performed by the worker,
are essential for the prevention of these scenarios,
for which the company is liable from the activity and/
or location of such worker.®

The Regulatory Norm (NR) No. 35, of 2012, con-
cerns at-height workers involved in activities per-
formed at least 2 meters above ground level. Periodic
examinations and clinical evaluations are required of
the workers. Among exams, the electrocardiogram
(ECG) is required and considered a tool in the early
diagnosis of CVDs that may cause sudden illnesses
and falls from heights.

Falls are the leading cause of death from injuries
in civil construction, presenting a considerable num-
ber of fatal accidents. Protective measures and early
prevention, such as the use of personal protective
equipment and accuracy in the diagnosis of diseases
that lead to falls, have been implemented.’*™

With that in mind, the present study assessed the
electrocardiographic standard and cardiac profile of
a population of at-height workers.

METHODOLOGY

Study design and development

A cross-sectional study, conducted in a service of
occupational medicine authorized to carry out peri-
odic examinations in a municipality of the Serra Gau-
cha, from May 2014 to January 2015.

Participants

A total of 561 male workers, >18 years old, who
worked at heights with a resting electrocardiogram
were included. Workers with low-quality ECG trac-
ings and those who refused to participate in the
study were excluded.

Study variables

The variables assessed were: ECG tracing, ethnic-
ity, age, smoking habits, blood glucose, alcohol con-
sumption, physical activity, body mass index (BMI),

family history and arterial pressure values. The
number of years of experience of the workers was
not considered.

Study logistics

The resting ECG was performed in all the at-height
workers who fit the NR 35 and had been referred by
the doctor of the Occupational Medicine company. A
digital ECG machine was used, Micromed Wincar-
dio USB with 12 simultaneous leads. The 12 leads
were recorded at a speed of 25 mm/s and standard
calibration for 1.0 mV/cm. The electrocardiographic
tracings were analyzed and reported by a cardiolo-
gist of the hired company, in accordance with the cri-
teria and recommendations of the Brazilian Society
of Cardiology Guidelines on the Electrocardiographic
Analysis and Reporting of 2009."

For data collection, were considered: smoking (>1
cigarettes/day), sedentary lifestyle (less than 30 min-
utes of physical activity/day or < 150 min/week), BMI
(225,0 kg/m? for overweight and =30 kg/m2 for obesi-
ty), hypertension (>140/90 mmHg), diabetes mellitus
(> 126 mg/dl for fasting blood glucose), alcoholism
(250 mg/week).> 18

Sample size calculation

For calculating the sample size, we used a Bra-
zilian cross-sectional study®, whose prevalence of
ventricular repolarization was of 9.5% and overload
of the left ventricle of 3.3%. A confidence level of 95%
and a margin of error of 3 percentage points were
considered, leading to 367 individuals necessary for
the sample size calculation. We opted for a sample
for a specified period of collection, resulting in 561
consecutive workers and a single ECG per worker.
Only those with adequate technical standards were
assessed.

Ethical aspects

The project was approved by the local Research
Ethics Committee under the number CEP/IC-FUC UP
4.964/2014 and all participants in the study signed an
Informed Consent Form (ICF).

Statistical analysis

For data analysis, we used the statistical software
Statistical Package for Social Science (SPSS), version
23. The continuous variables were tested for normal-
ity by the Shapiro-Wilk test and described as a mean
and standard deviation, and the categorical variables
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in absolute value and percentages. The Student t-test
was used to compare the average ages between
workers with and without electrocardiographic al-
terations. For the comparison of prevalences™? of
alterations in at-height workers against other sam-
ples from studies in the literature, we employed the
chi-square test. An alpha of 0,05 was considered sta-
tistically significant.

RESULTS

Participated in the study a total of 561 at-height
workers, male, white (86.9%), with an average age of
35.9 +12.2 years. Sedentary lifestyle was the most
prevalent RF (90.5%), followed by increased pressure
levels (53.1%), and alcohol consumption (41%). The
association between electrocardiographic alterations
and the variables analyzed did not present any statis-
tically significant difference (table 1).

In Figure 1, we can observe that out of the 561
workers, 31% (n=176) did not present a normal ECG
tracing. A total of 222 electrocardiographic alter-
ations were found, with more than one alteration
present in some tracings. The diagnosis criteria for

TABLE 1- ANALYSIS OF THE ASSOCIATION BETWEEN
ELECTROCARDIOGRAPHIC ALTERATIONS AND THE VARI-
ABLES ANALYZED

Variables (%) alterations | p
ECG
Age (years)
<30 31.0 65 0.925
230 317 m
Ethnicity
white 319 154 0.599
black 282 22
Body Mass Index
Up to 24.9 Kg/m? 312 83
2252299 Kg/m? 299 63 0618
230 Kg/m? 357 30
Blood Pressure
Up to 140x90mmHg 322 59 0.833
2 140x90mmHg 31.0 nz
Glycemia
<100 mg/dl 32.3 139 0.275
100 mg/d| 253 20
Smoker
yes 28.5 59 0.305
no 331 17
Family History
yes 32.7 66 0.687
no 306 110
Sedentary Lifestyle
yes 31.8 161 0.665
no 26.4 15

LVO used were the ones presented by Sokolow-Lyon,
Cornell e Romhilt-Estes.

Electrocardiographic changes compared with
other studies are as shown in Figure 2.

The prevalence of conduction blocks was of 9%
among workers, and the most prevalent were LAHB
(3.5%) and RBBB (2.8%).

DISCUSSION

The present study analyzed the profile and elec-
trocardiographic alterations of at-height workers in
a southern area of Brazil. National publications on
profiles and ECG alterations for specific populations
are scarce.

Among the workers, RF such as a sedentary
lifestyle (83.7%), high blood pressure levels (53.1%),
alcohol consumption (41%), smoking (37%) and fam-
ily history (36%) were higher than in other nation-
al studies with RF of chronic diseases.” % 2* Gus
et al.,”® when analyzing RFs for CAD, found results
lower than ours, with the exception of obesity/over-
weight and hypertension, whose prevalence rate was
around 68% and 40%, respectively. The influence of
cardiovascular RFs varies between men and women,
which could justify our findings, since the samples of
the other studies were formed mostly by women.?®
# The prevalence of SAH of 32.6% was similar to a
study performed with male transport drivers from
the state of Piaui.?®

During the analysis of the ECG tracings, most
(69%) at-height workers presented normal sinus
rhythm. For the electrocardiographic alterations
associated with workers’ RFs, there was no correla-
tion between the variables. Alterations in ventricular
repolarization (VRA) (6.7%), followed by conduction
blocks and left ventricular overload (LVO) (5.6%) were
the most prevalent in our study. In a national study
with 1,067 individuals, the RFs for ischemic disease
in this population were correlated with high choles-
terol and hypertension, and the most prevalent elec-
trocardiographic alterations were VRA (9.5%) and
LVO (3.3%). In comparison with the VRA found in our
study, the percentage was higher.™

In the Framingham study,®® the VRAs (14.1%)
found in male participants were similar. The phe-
nomenon of repolarization gained further attention
after bringing contributions to the risk stratification
of serious arrhythmic events and sudden deaths.™
Among the repolarization alterations, the early repo-
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larization pattern (ERP) was present in 4.5% of the
at-height workers, a similar number to that found for
the general population — something that is notewor-
thy, since recent studies have shown a correlation
between this alteration and sudden cardiac deaths.?

The most significant clinical implication of the
conduction blocks is its relationship with cardiac pa-
tients. In healthy individuals, blocks are considered
trivial electrocardiographic abnormalities, thus jus-
tifying our findings. Among blocks, the left anterior
fascicular block (LAHB) was the most prevalent, with
2.8%, surpassing the results found in the literature.?

A Finnish population study with 6,315 partici-
pants assessed the prevalence of eight conduction
blocks and their association with RFs and CVD by
means of ECG. In this study, the most prevalent
block, differently from what we found, was the right
bundle branch block (RBBB), with 3.9%, followed by
incomplete LBBB (1.8%), and left bundle branch block
(LBBB), for which age and gender are intervening

FIGURE 1- NUMBER OF ELECTROCARDIOGRAPHIC
ALTERATIONS PRESENT IN WORKERS
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FIGURE 2 - ELECTROCARDIOGRAPHIC ALTERATIONS
IN COMPARISON WITH OTHER STUDIES

variables. Our sample was composed exclusively by
men, younger than those in the Finnish study.3-%
Emphasis should be given to the LBBB, since it is an
electrocardiographic alteration associated with an
increased risk of sudden cardiac death. The preva-
lence of LBBB was lower than in other studies with
no heart disease basis.3* 3

Since the groundbreaking observations of the
Framingham Heart Study, several epidemiological
studies have highlighted LVO as one of the most im-
portant RFs for angina pectoris, myocardial infarc-
tion, cerebrovascular accident (CVA) and sudden
death.? Despite the low sensitivity of the ECG for
left ventricular hypertrophy (LVH), it is still the most
widely used complementary examination in cardiol-
ogy clinics and medical offices. After evaluating the
influence of the ECG in LVO according to gender and
cardiac mass, a Brazilian study concluded that the
diagnostic sensitivity of the ECG is higher among
males.® The results LVO results found in at-height
workers coincide with the prevalence values report-
ed in international studies, which vary from 3% to
14% in males. In studies with reference to Framing-
ham, the ECG presented a 6.9% sensitivity and 98.8%
specificity for LVO, finding a 2.9% LVO prevalence in
ECG tracings for male individuals (n=2,042).2%37.38

The results found were compared with electro-
cardiographic alterations observed in other studies.
The Framingham Heart Study (n=4.684), when com-
pared with at-height workers, presented a value of
p=0.450 for VRA and p<0.001 for LVO. When com-
pared to a Finnish study that researched the preva-
lence of blocks in 6,315 individuals, the p-value was
significant only for LBBB (p=0.020). After a compar-
ison with findings from a population (n=1,067) from
the Sao Paulo region, there was a significant differ-
ence for VRA and LVO. (p=0.002 and p=0.047, respec-
tively)™.

CONCLUSION

The present study found that the prevalence of
LVO and VRA in at-height workers from Serra Gau-
cha is higher in comparison to Brazilian population
studies. It is possible that the absence of correla-
tion between risk factors and electrocardiograph-
ic alterations in the study is due to the fact that
the average age of the participant workers is lower
than that of the average population. The ECG re-
mains a necessary exam, fundamental for the CVD
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diagnosis, since the morbidity profile is not linear
and the implemented health actions do not have
the expected effectiveness. New studies in specific
populations are necessary to assess electrocardio-
graphic alterations associated with CDV risks and

sudden death.

STUDY LIMITATIONS

The age of the studied population was a limitation,
since electrocardiographic alterations and conduc-
tion blocks are more prevalent in older populations.

Another limiting factor was the interpretation of the
interpretation of electrocardiograms, conducted by a
single professional. It is recommended that reports
be assessed by two independent professionals, thus
confirming the diagnosis.
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FUNDAMENTO: O Programa de Controle Médico e Satide Ocupacional estabelece a realizagdo de exames complementares de acordo
com a atividade exercida pelo trabalhador e os riscos a ela inerentes. A Norma Regulamentadora n? 35, implantada recentemente,
estabelece que trabalhadores que exercem fungées em altura realizem o eletrocardiograma como um exame complementar de rotina.

OBJETIVO: Avaliar o padrdo eletrocardiogrdfico dos trabalhadores em altura por meio da realizacdo do ECG de repouso.

METODOS: Estudo transversal, desenvolvido de maio de 2014 a janeiro de 2015 com trabalhadores masculinos que exercem fungées em
altura. Foram coletados dados clinicos e demogrdficos e, apés, realizado o eletrocardiograma (ECG). Os trabalhadores incluidos eram
vinculados a um servigo de medicina do trabalho da Serra Gaticha, destinado a realizagdo de avaliagdo médica e exames ocupacionais.
Todos foram avaliados pela pesquisadora.

RESULTADOS: Participaram 561 trabalhadores em altura. A média de idade foi de 35,9122 anos, e 176 (31%) apresentaram alteragées
eletrocardiogrdficas na andlise dos ECG de repouso. Das alteracées do ECG de repouso, 15,7% foram atribuidas a alteragées da repo-
larizagdo ventricular; 8% como bloqueios de condugdo e 5,8% como sobrecarga de ventriculo esquerdo. As varidveis demogrdficas ndo
estavam associadas com alteragées no tragado eletrocardiogrdfico.

CONCLUSAO: Este estudo verificou que a prevaléncia de sobrecarga de ventriculo esquerdo e alteracdo da repolarizagdo ventricular, nos
trabalhadores em altura, é maior quando comparada a estudos populacionais brasileiros. A associagdo de fatores de risco e alteragées
eletrocardiogrdficas em individuos difere de populacées especificas.

PALAVRAS-CHAVE: Eletrocardiografia. Satide do trabalhador. Medicina do trabalho. Doengas cardiovasculares.

REFERENCES

1. World Health Organization. Cardiovascular diseases (CVDs) [internet].
2011 [cited 2011-10-24]. Available from: http://www.who.int/mediacen-
tre/factsheets/fs317/en/index.html

2. Bhatnagar P, Wickramasinghe K, Williams |, Rayner M, Townsend N.
The epidemiology of cardiovascular disease in the UK 2014. Heart.
2015;101(15):1182-9.

3. Hannerz H, Holtermann A. Ischaemic heart disease among workers in oc-
cupations associated with heavy lifting. Int | Occup Med Environ Health.
2016:29(1):129-36.

4. Perk |, Backer G, Gohlke H, Graham |, Reiner Z, Verschuren WMM, et al.
Recomendacdes europeias para a prevencao da doenga cardiovascular na
pratica clinica (versdo de 2012). Rev Port Cardiol. 2013;32(6):553.e1-e77.

5. Simao AF, Precoma DB, Andrade |P, Correa FH, Saraiva JF, Oliveira GM,
et al. | Brazilian Guidelines for cardiovascular prevention. Arq Bras Cardiol.
2013;101(6 Suppl 2):1-63.

6. Blackburn H. O conceito de risco. In: American Heart Association, ed.
Compeéndio de Cardiologia Preventiva. So Paulo: American Heart Associ-
ation; 1994. p.25-42.

7. Souza NRM, Matos MFD, Souza e Silva NA. Fatores de risco cardiovascu-
lar: a complexa relacdo causal entre satide e doenga como base conceitual
para intervencao e controle. Rev SOCER]. 2003;16(3):167-82.

8. Ministério do Trabalho e Emprego. Secretaria de Inspecdo do Trabalho.
Portaria n° 3.214, 8 de Junho de 1978 [internet]. Brasilia: Ministério do
Trabalho e Emprego; 1978. [cited 2016-11-6]. Available from: http://www.
camara.gov.br/sileg/integras/839945.pdf

9. Ministério do Trabalho e Emprego. NR 35 — Trabalho em altura. Portaria
GM n2 3214, de 08 de junho de 1978 [internet]. Brasilia: Ministério do
Trabalho e Emprego; 1978. [cited 2014-6-2]. Available from: http://www.
guiatrabalhista.com.br/legislacao/nr/nr35.htm

10. Santana V, Nobre L, Waldvogel BC. Acidentes de trabalho no Brasil entre
1994 e 2004: uma revisdo. Ciénc Saude Coletiva. 2005;10(4):841-55.

1. Miranda FMD, Scussiato LA, Kirchhof ALC, Cruz EDA, Sarquis LMM.
Caracterizagao das vitimas e dos acidentes de trabalho fatais. Rev Gaticha
Enferm. 2012;33(2):45-51.

12. Dong XS, Wang X, Daw C. Fatal falls among older construction workers.
Hum Factors. 2012;54(3):303-15.

13. Grant A, Hinze |. Construction worker fatalities related to trusses: an
analysis of the OSHA fatality and catastrophic incident database. Saf Sci.
2014;65:54-62.

14. Pastore CA, Pinho C, Germiniani H, Samesima N, Mano R. Sociedade
Brasileira de Cardiologia. Diretrizes da Sociedade Brasileira de Cardiologia
sobre analise e emissdo de laudos eletrocardiograficos. Arg Bras Cardiol.
2009:93(3 supl.2):1-19.

REV ASSOC MED BRAS 2018; 64(5):448-453

452



SOARES, TATIANAET AL

15. Cabrera de Ledn A, Aleman Sanchez JJ, Rodriguez Pérez MC, del Castil- 27. Rodrigues SL, Baldo MP, Capingana P, Magalhdes P, Dantas EM, Molina
lo-Rodriguez JC, Dominguez-Coello S, Aimeida-Gonzalez D, et al. Fram- MG, et al. Gender distribution of serum uric acid and cardiovascular risk
ingham function estimates the risk of cardio vascular mortality more factors: population based study. Arg Bras Cardiol. 2012;98(1):13-21.
(ege;i:\;egaihggn?tcgo}?o%ggg)g?ég;he population of the Canary lslands 28. Landim MBP, Victor EG. Escore de Framingham em motoristas de

pain,. : ! ’ : transportes coletivos urbanos de Teresina, Piaui. Arq Bras Cardiol.

16. Sociedade Brasileira de Cardiologia, Sociedade Brasileira de Hipertenséo, 2006;87(3):315-20.

Sociedade Brasileira de Nefrologia. VI Diretrizes Brasileiras de Hiper- ) o o
tensio. Arq Bras Cardiol. 2010:95(1 supl. 1):1-51. 29. Noseworthy PA, Tikkanen |T, Porthan K, Oikarinen L, Pietild A, Harald K|
' . ) et al. The early repolarization pattern in the general population: clinical

17. Amer NM, Marcon SS, Santana RG. Indice de massa corporal e hiper- correlates and heritability. ] Am Coll Cardiol. 2011,57(22):2284-9.
tenséo arterial em individuos adultos no Centro-Oeste do Brasil. Arq Bras
Cardiol. 2011:96(1):47-53. 30. Haataja P, Nikus K, Kéhonen M, Huhtala H, Nieminen T, Jula A, et al.

18. Sociedade Brasileira de Diabetes. Diretrizes da Sociedade Brasileira de Di- Prevalencle of ventricular cor'wdu'cuom blocks in the resting electrocgr—
Sbetes 2013-2014. S3o Paulo: AC Farmacéutica: 2014 diogram in a general population: the Health 2000 Survey. Int | Cardiol.

: : i 2013:167(5):1953-60.

19. Cardoso E, Martins IS, Fornari L, Monachini MC, Mansur AP, Caramelli ) ) , )

B. Alteragdes eletrocardiograficas e sua relagio com fatores de risco para 31. Bonow RO, Mann DL, Zipes DP, Libby P. Braunwald's Heart Disease: a
doenca isquémica do coracio em populacio da srea metropolitana de Sio textbook of cardiovascular medicine. 9t ed. Philadelphia: Elsevier Saun-
Paulo. Rev Assoc Med Bras. 2002:48(3):231-6. ders; 2011,

20. Kannel WB, Anderson K, McGee DL, Degatano LS, Stampfer M. Non- 32. Benchimol A, Desser KB, Massey BJ. Coexisting left anterior hemiblock
specific electrocardiographic abnormality as a predictor of coronary heart and inferior wall myocardial infarction. Vectorcardiographic features. Am |
disease: the Framingham Study. Am Heart |. 1987;113(2 Pt 1):370-6. Cardiol. 1972,29(1):7-14.

21. Kannel WB. Prevalence and natural history of electrocardiographic left 33. Magalhaes APA, Rodrigues HS. Significado clinico dos blogueios de ramo
ventricular hypertrophy. Am | Med. 1983;75(3A):4-11. e blogueios fasciculares. Rev SOCERGS. 2011;19(21):1-10.

22. Kannel WB, Gordon T, Offutt D. Left ventricular hypertrophy by elec- 34. Schneider JF, Thomas HE Jr, Kreger BE, McNamara PM, Kannel WB.
trocardiogram. Prevalence, incidence, and mortality in the Framingham Newly acquired left bundle-branch block: the Framingham study. Ann
study. Ann Intern Med. 1969;71(1):89-105. Intern Med. 1979:90(3):303-10.

23. Malta DC, 9’"“?”05 MO, Ollvel_ra MM, Iser .BPM' Bernal RT'Y?‘?“) RM’ 35. Eriksson P, Wilhelmsen L, Rosengren A. Bundle-branch block in mid-
et al. Prevaléncia de fatores de risco e protecdo para doengas crénicas nao dle-aged men: risk of complications and death over 28 years. The Primary
oy e capitals brasleiras, 2013, Epice- Prevention Study in Goteborg, Sweden. Eur Heart |. 2005,26(21)2300-6.

24. Rezende LF, Rabacow FM, Viscondi Y, Luiz OC, Matsudo VK, Lee IM. Ef- 36. EZBSimO IAEY Co,zt,ﬁdF’j' Ijieral ARP, %meig MTNHLima \ﬁ/C; Fongeca
fect of physical inactivity on major noncommunicable diseases and life lar e;qe:eiaa jgsa‘ccl)lrd?) ionfgeéiter?cféaer n‘woairsaamcaarg?ac;pir:;OB?a:?;:éﬁg[
expectancy in Brazil. | Phys Act Health. 2015;12(3):299-306. 2011:97(3)225-31.

25. Gus |, Ribeiro RA, Kato S, Bastos |, Medina C, Zazlavsky C, et al. Variagdes ]
na prevaléncia dos fatores de risco para doenca arterial coronariana no Rio 37. Tingleff}, Munch M, ]akobserj T, TorprederseQ C,Olsen ME, Jensen KH,
Grande do Sul: uma anélise comparativa entre 2002-2014. Arq Bras Cardi- et al. Prevalence of left ventricular hypertrophy in a hypertensive popula-
ol. 2015:105(6):573-9. tion. Eur Heart J. 1996;17(1):143-9.

26. Yahagi K, Davis HR, Arbustini E, Virmani R. Sex differences in coronary 38. Matos DIA. Acuidade do eletrocardiograma no diagndstico de hipertrofia
disease: pathological observations. Atherosclerosis. 2015;239(1):260-7. ventricular esquerda. Rev Bras Cardiol. 2010;23(6):307-14.

453 REV ASSOC MED BRAS 2018; 64(5):448-453



