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Background: The QT interval reflects the total duration of 
ventricular myocardial repolarization. Disturbed QT – either 
prolonged or shortened – is associated with arrhythmia and 
is life-threatening. 
objectives: To investigate an elderly population for disturb- 
ed QT interval.
methods: We conducted a cross-sectional study on residents 
of long-term care wards in a geriatric hospital. Excluded were 
those with pacemaker, atrial fibrillation or bundle branch 
block. The standard 12 lead and lead 2 electrocardiograms in 
the patients’ files were used for the evaluation of QT interval. 
results: We screened the ECGs of 178 residents. QTc pro- 
longation based on the mean 12 ECG leads was detected in 48 
(28%), while 45 (25%) had prolonged QTc based on lead L2. 
Factors associated with QT prolongation were male gender, 
chronic renal failure and diabetes mellitus. Short QT was found 
in 7 residents (4%) and was not related to any parameter.
conclusions: About one-third of the elderly long-term care  
residents in our study had QT disturbances. Such a consider- 
able number warrants close QT interval follow-up in predisposed 
patients.
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aBstract:

KeY words:

t he QT interval reflects the total duration of ventricular myo-
cardial repolarization. QT prolongation is associated with 

polymorphic ventricular tachycardia, such as torsade de pointes, 
which can be fatal [1]. The QT interval duration exhibits a certain 
degree of variability between the leads on the electrocardiogram, 
which may reflect heterogeneity in the recovery of repolarization 
[2]. Beat-to-beat QT interval variability is also a measure of repo-
larization liability and a predictor of sudden death [3]. Although 
torsade de pointes may occur in several settings, it is most often 
seen in association with drug therapy [4]. In the past decade, 
the most common reason for the withdrawal or restriction of 
drugs was the prolongation of the QT interval associated with 
torsade de pointes [4]. About 1% of patients on anti-arrhythmic 
drug therapy develop torsade de pointes [5]. Other reported risk 
factors for prolonged QT are female gender [6], bradycardia [7] 

hypokalemia [8], diabetes [9], congestive heart failure [10], and 
hypertension with left ventricular hypertrophy [11]. A positive 
correlation was detected between QT prolongation and mortality 
in patients with congestive heart failure and hypertension with 
left ventricular hypertrophy [10,11]. 

With aging, there is a progressive prolongation of the QT 
interval, which is associated with a concomitant increase in 
mortality [12]. Polypharmacy, including drugs potentially 
causing torsade de pointes, is common in the elderly [13]. 
Therefore, detection of QT prolongation is of particular 
importance in this age group. The short QT syndrome, char-
acterized by a short refractory period, is a risk factor for atrial 
fibrillation, ventricular arrythmias and sudden death [14]. 

In a previous study [15] we screened patients of an acute 
geriatric ward who represented elderly living in the commu-
nity. surprisingly, a high incidence (29%) of prolonged QTc was 
detected in this group. Although the large majority of elderly 
people live in the community, about 5% reside in long-term care 
wards. These are patients with a high level of comorbidity, dis-
ability and polypharmacy. In the United states over 1.6 million 
people belong to this category [16] and unlike community-living 
elderly they are under constant medical surveillance, assuring 
that all their possible risk factors are detected and addressed. 
The prevalence of QT disturbance in this population has not yet 
been evaluated. In this study we assessed the prevalence of QT 
interval disturbances and the associated conditions in residents 
of long-term care wards in a geriatric hospital. 

Patients and methods

This was a cross-sectional study of residents institutionalized 
in five LTC1 geriatric wards (190 beds) in the shmuel Harofe 
Geriatric Medical Center. On admission every LTC resident 
undergoes an ECG and a complete blood analysis as routine 
evaluation. The files of all the residents hospitalized were 
screened and the relevant demographic, clinical and laboratory 
data were retrieved. Included in this study were patients whose 
electrolyte levels of calcium, potassium and magnesium were 
in the normal range. Patients with pacemaker, bundle branch 
block or atrial fibrillation were excluded.

LTC = long-term care
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normal/
Borderline  
(n=130)

Prolonged
 (n=48)

no. (%) no. (%) P

relevant diseases 
Dementia
Hypertension
Feeding tube
S/P stroke
Decubitus ulcer
Anemia
Diabetes mellitus
Recurrent urinary tract infection
Ischemic heart disease
Congestive heart failure

79 (60.8)
61 (46.9)
64 (49.2)
57 (43.8)
49 (37.7)
42 (32.3)
40 (30.8)
44 (33.8)
34 (26.2)
17 (13.1)

27 (56.3)
23 (47.9)
17 (35.4)
19 (39.6)
17 (35.4)
21 (43.8)
21 (43.8)
14 (29.2)
19 (39.6)
5 (10.4)

0.59
0.96
0.10
0.61
0.78
0.16
0.11
0.55
0.08
0.63

relevant drugs
Laxatives
H2 blockers
Aspirin
ACE inhibitors
Benzodiazepines
Neuroleptics
Diuretics
Antihistamines
Anticonvulsants

99 (76.2)
49 (37.7)
45 (34.6)
33 (25.4)
32 (24.6)
25 (19.2)
22 (16.9)
25 (19.2)
26 (20.0)

36 (75.0)
14 (29.2)
14 (29.2)
13 (27.1)
12 (25.0)
10 (20.8)
12 (25.0)
8 (16.7)
6 (12.5)

0.87
0.290
0.27
0.82
0.96
0.81
0.22
0.70
0.25

The standard 12 lead ECG in the patient’s file was used for the 
QT interval evaluation. All measurements were done by the same 
physician. The RR and QT intervals were measured in 12 leads 
using a graduated lens. The QT interval was measured from the 
beginning of the QRs complex to the end of the down slope of 
the T wave [17]. The QT interval corrected for the previous car-
diac cycle length (QTc) was calculated according to Bazzet’s for-
mula: QTc = QT/RR1/2 [18]. Prolonged QTc was considered as 
QTc ≥ 0.47 seconds for women and QTc ≥ 0.45 for men [19,20]. 
For statistical evaluations, borderline QTc values of 0.45–0.46 in 
women and 0.43–0.44 in men were considered normal. Patients 
with short QT intervals (QT or QTc ≤ 0.3 seconds) were evalu-
ated as a separate group. A calculation of the mean QT was done 
in each lead, using the mean of two consecutive complexes. Two 
methods of measurement were performed for the evaluation 
of QTc prolongation: the mean of 12 leads and the QTc of lead 
L2 [19]. The study/data analysis protocol was approved by the 
hospital’s ethics committee. sPss software was used for statisti-
cal processing. Descriptive analysis included frequencies and 
distributions of all study variables. student’s t-test, chi-square 
or Fisher’s exact test was used for comparing those with QTc 
prolongation to those with normal or borderline QTc; Pearson 
correlation test and multivariate analysis by logistic regression 
were performed to test the association of age, gender, comor-
bidiy, drugs and laboratory data with the mean QTc intervals. 

results

The study group comprised 178 residents. Their relevant 
clinical and laboratory data are presented in Tables 1 and 2. 

Prolongation of QTc was detected in 48 patients (28%) based 
on the mean of 12 ECG leads, and in 45 patients (25%) based 
on lead L2 [Table 3]. Only a small proportion of these patients 
(n=7, 15%) had QTc above 500 msec. The prevalence of QTc 
prolongation was higher in men [Table 3]. Age was not related 
to QTc prolongation. Higher heart rate was positively related 
to the prolongation of QTc interval. 

The clinical parameters related to QTc prolongation were 
diabetes (non-insulin dependent) in lead L2 and chronic renal 
failure in all 12 leads. We found that no drugs correlated with 
prolonged QTc. short QT was found in 7 patients (4%), as cal-
culated by the mean 12 leads as well as in lead 2. Univariate and 
multivariate analyses on all relevant parameters did not dem-
onstrate any specific factor correlating with short QT interval. 

discussion

QT interval disturbances were detected in more than 30% 
of the elderly residents in the LTC wards. More than 25% of 

table 1. Clinical data of 178 LTC geriatric residents with prolonged 
vs. normal/borderline QT

ACE = angiotensin-converting enzyme

Qt interval: 12 leads Qt interval: lead l2

electrolyte levels
(mean ± sd)

normal/
Borderline
(n=130)

Prolonged
(n=48) P

normal/
Borderline
(n=133)

Prolonged
(n=45)

 
P

Calcium (normal range 
8.6–10.2 mg/dl)

8.83 ± 0.63 8.68 ± 0.54 0.160 8.83 ± 0.61 8.70 ± 0.62 0.230

Potassium (normal 
range 3.5–5.3 mEq/L)

4.23 ± 0.47 4.23 ± 0.50 0.470 4.28 ± 0.44 4.26 ± 0.56 0 .86

Magnesium (normal 
range 1.8–3.5 mg/dl)

2.14 ± 0.28 2.08 ± 0.25 0.220 2.14 ± 0.27 2.07 ± 0.28 0.160

table 2. Electrolyte’s levels of the patients with prolonged vs. normal/borderline QTc

Only factors that were found statistically relevant to QT prolongation are presented in the table. 
*P < 0.05. 
**P < 0.05, comparing the incidence of prolonged QTc in males vs. females
†Creatinine > 1.5

mean 12 leads lead l2

normal/
Borderline Prolonged

normal/
Borderline Prolonged

N (%) 130 (72) 48 (28) 133 (75) 45 (25)

QTc (mean ± SD) 0.422 ± 0.026 0.492 ± 0.032 0.424 ± 0.028 0.494 ± 0.035

QTc (range) 0.271–0.469 0.450–0.649 0.270–0.47 0.450–0.650

Female (n=112) 93 (83) 19 (17) 95 (83) 19 (16.7)

Male (n=64) 34 (53) 30 (47) ** 38(59) 26 (40.6)**

Age (yrs, ± SD) 80 ± 11 78 ± 10 80 ± 11 80 ± 11

Heart rate 82.3 ± 16 88.3 ± 19* 82.6 ± 15 88.7 ± 20*

relevant diseases

Diabetes mellitus (N=61) 
Non-diabetic patients (N=117)

40 (66)
90 (77)

21 (34) 
27 (23)

39 (64)
91 (78)

22 (36)* 
26 (22)

Chronic renal failure† (N=21)
Non-renal failure (N=157)

11 (53)
119 (76)

10 (47)*
38 (24)

13 (62)
117 (74)

8 (38) 
40 (26)

table 3. Factors related to prolonged QTc in LTC geriatric residents (n=178)
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them had prolonged QTc in the mean 12 leads as well as in 
lead L2. A short QT interval was relatively rare but still found 
in 4% of the residents. QTc prolongation was correlated with 
male gender, diabetes mellitus and renal failure. 

The association of prolonged QT interval with male 
gender in this population of elderly LTC patients was a new 
finding and should be explored. A search of the most recent 
publications yielded reports on the relation between tes-
tosterone and cardiac repolarization, suggesting an inverse 
association between testosterone levels and the QT interval 
[21,22]. Pecory Giraldi et al. [23] observed that the prevalence 
of prolonged QTc in their study was considerably higher in 
hypogonadal patients than in control men. Further research 
is needed, particularly among the elderly with prostatic car-
cinoma receiving anti-testosterone drugs.

Our study, a first of its kind, indicates that QT interval 
disturbances, mainly prolongation, are a common finding in 
the LTC geriatric ward residents, similar to what we found in 
our previous study on acute geriatric wards [15].

With aging, there is a progressive prolongation of the QT 
interval, which is associated with a concomitant increase in 
mortality. This is related to electric instability and the risk 
of ventricular arrhythmogenesis. Arrhythmias increase 
in frequency with aging, probably due to age-associated 
degenerative changes in the conducting cells and myocar-
dial fibrosis [24]. Many previous cross-sectional population 
studies investigated the impact of age on QT interval [12,25]. 
Additionally, hypertension [11], heart failure [10] and dia-
betes [9] were related to QT interval disturbances. In our 
previous study, performed in acute geriatric settings [15], 
we found that heart failure, hypomagnesemia and use of 
hypnotics were correlated with QTc prolongation. short QT 
interval was rare in the present study and was not correlated 
with relevant clinical parameters. In the literature, the risk 
factors for short QT are genetic predisposition, hypercalce-
mia and hyperkalemia. 

An overall look at the results of this study and those in 
acute settings [15] reveals considerably high and quite simi-
lar rates of disturbed QT intervals. However, whereas acute 
elderly patients were evaluated during an active medical 
event at the end of which most of them were released to the 
community, residents of LTC remain under the ongoing sur-
veillance of the medical staff. As mentioned earlier, medical 
directors and staff of such settings are expected to be aware 
of and to minimize the overt risk factors that endanger the 
stability and life of their residents. 

Therefore, more attention should be given to this threaten-
ing condition in elderly patients with significant comorbidity 
and multiple medications, either in acute or LTC geriatric 
settings or in general hospital wards (internal medicine, sur-
gery, urology, etc.). Their QT interval should be periodically 
recorded and closely watched, as are other vital signs. 




