
© 2018 Ma et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php  
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Interventions in Aging 2018:13 797–804

Clinical Interventions in Aging Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
797

O r I g I n A l  r e s e A r C h

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/CIA.S149791

Association between a frailty index based on 
common laboratory tests and QTc prolongation in 
older adults: the rugao longevity and Ageing study

Teng Ma,1–3,* Jian Cai,4,* Yin-
sheng Zhu,5 Xue-Feng Chu,5 
Yong Wang,5 guo-Ping shi,5 
Zheng-Dong Wang,5 shun 
Yao,1–3 Xiao-Feng Wang,1–3 
Xiao-Yan Jiang6–8

1Unit of epidemiology, Ministry 
of education Key laboratory of 
Contemporary Anthropology, Fudan 
University, shanghai, People’s republic of 
China; 2state Key laboratory of genetic 
engineering, school of life sciences, Fudan 
University, shanghai, People’s republic of 
China; 3national Clinical research Center 
for Aging and Medicine (huashan), huashan 
hospital, Fudan University, shanghai, 
People’s republic of China; 4Department 
of neurology, renji hospital, shanghai 
Jiao Tong University school of Medicine, 
shanghai, People’s republic of China; 
5rugao People’s hospital, rugao, Jiangsu, 
People’s republic of China; 6Key laboratory 
of Arrhythmias of the Ministry of education 
of China, Tongji University school of 
Medicine, shanghai, People’s republic of 
China; 7Department of Pathology and 
Pathophysiology, Tongji University school 
of Medicine, shanghai, People’s republic of 
China; 8Institute of Medical genetics, Tongji 
University, shanghai, People’s republic of 
China

*These authors contributed equally 
to this work

Background: Risk factors for heart rate-corrected QT interval (QTc) proglongation should be 

explored to stratify high-risk individuals to aid the prevention of incident cardiovascular events 

and mortality. The diversity of risk factors for QTc prolongation suggests that use of the frailty 

index (FI), indicating general health deficits, may be an effective approach, especially in the 

elderly, to identify the risk of QTc prolongation.

Methods: We used the data of 1,780 individuals aged 70–87 years from the Rugao Longevity 

and Ageing Study (RuLAS), a community-based longitudinal study. The FI was constructed 

using 20 routine laboratory tests, plus the body mass index and measures of systolic and diastolic 

blood pressures (FI-Lab).

Results: The mean FI-Lab value was 0.24±0.09. The mean heart rate-corrected QT interval 

(QTc) was 407±38 ms. The prevalence of QTc prolongation was 5.2% in elderly community pop-

ulations aged 70–87 years. A higher FI-Lab value was associated with a higher risk for QTc pro-

longation. Each 10% increase in the FI-Lab value increased the odds ratio (OR) by 33% (OR: 

1.33; 95% CI: 1.07–1.64). Compared with the lowest quartile, the top quartile FI-Lab score was 

associated with a 2.50-fold QTc prolongation risk in elderly individuals (95% CI: 1.21–5.19).

Conclusion: An FI based on routine laboratory data can identify older adults at increased risk 

for QTc prolongation. The FI approach may therefore be useful for the risk stratification of 

QTc prolongation.

Keywords: QTc prolongation, frailty, frailty index, Chinese elderly

Introduction
Large population data from the US National Health and Nutrition Examination Survey 

(NHANES) II and III studies reported that heart rate-corrected QT interval (QTc) 

variance on an electrocardiogram (ECG) increases with age, and specifically, prolonged 

QTc is more prevalent in older individuals.1 In addition, the prolonged QTc is associated 

with an increased risk of incident cardiovascular event2,3 or cardiovascular death4–6 in 

populations of older adults. Approximately 28% of patients admitted to cardiac care 

units may present with QTc prolongation.7 Thus, it is important to identify risk factors 

and pay special attention to high-risk patients to prevent serious cardiovascular events 

for individuals with QT prolongation. A number of risk factors for QT prolongation 

have been recognized, such as hypokalemia, age $65 years, thyroid disturbances, 

hypertension, liver failure, QT prolongation drugs, and so on.8,9 The diversity of risk 

factors in highly prevalent QT prolongation suggests that this condition is most likely 

observed in people with a broadly constituted decline in health, especially in older 

adults. In addition, traditional cardiovascular disease risk markers gradually lose 
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their predictive value with age.10,11 In addition, recent data 

suggest that frailty-related phenotypes are associated with 

QTc prolongation. Michishita et al12 reported that inactivity 

and light-intensity physical activity were associated with 

QTc in older adults.

Since most traditional risk factors of QT prolongation 

moderately discriminate individual people at risk,8 there is 

merit in modeling QT prolongation risk using an integra-

tive approach, especially among older people, and a more 

comprehensive view of health should be considered. The 

frailty approach operationalizes frailty based on a range of 

accumulated general health deficits in an index, to consider 

how health outcomes may be altered by the combination of a 

large number of small effects, instead of using the traditional 

risk factors of an illness. Previous studies have shown that the 

statistical properties of the frailty index (FI), such as age dis-

tribution and its effect on other outcomes, are largely insensi-

tive to differences in study designs and the precise items that 

constitute the FI.13,14 An FI of deficits unrelated to dementia, 

as well as traditional risk factors, was shown as a risk factor 

for dementia and coronary heart disease (CHD).15

Therefore, we hypothesized that laboratory test abnor-

malities, which fit into a FI, broadly constituted a decline 

in health-contained subclinical deficits and were associated 

with ECG abnormalities in older adults. This model of the 

FI, recently constructed using routine laboratory tests, plus 

the body mass index (BMI) and measures of systolic and 

diastolic blood pressures (FI-Lab),16 identified older adults 

at increased risk of death,16–19 doctor visits, medication use, 

and self-reported health18 in a community population, an 

institution, and patients hospitalized in geriatric wards.20,21 

The laboratory deficits of the FI, which precede clinically 

evident health deficits, reflect a range of general subclini-

cal deficits that originate at the molecular or cellular level 

and eventually scale up to visible macroscopic organ 

dysfunction.

Methods
study design and participants
We used data from the aging arm of the Rugao Longevity and 

Ageing Study (RuLAS), a population-based observational 

two-arm cohort study conducted in Rugao, Jiangsu Province, 

China. As previously described,22 1,788 elderly adults aged 

70–84 years were recruited at baseline (2014.11–2014.12) 

from 31 communities of Jiang’an Township, Rugao City, 

according to 5-year age and gender strata. From April 2016 

through June 2016, the second-wave examination of the 

aging arm was conducted, excluding 297 subjects (55 died 

and 242 did not come in or were hospitalized for other dis-

eases) and including an additional 333 subjects recruited for 

cohort attrition, with 1,824 participants forming the second-

wave cohort. Among these individuals, 1,780 subjects aged 

70–87 years with data on ECG parameters and laboratory 

data were included in the present study.

ethical approval
The Human Ethics Committee of the School of Life Sciences, 

Fudan University, Shanghai, People’s Republic of China, 

approved the present study. Written informed consent was 

obtained from all participants prior to the study.

Construction of the FI
The factors included in the FI were based on the following 

previous criteria:18,23,24 1) must increase with age; 2) must be 

health related; 3) must be present in at least 1% of the study 

population; and 4) must not be present in 80% of the study 

population prior to the age of 80.

We constructed an FI-Lab panel using 23 variables based 

on 20 routine laboratory blood tests plus BMI, as well as the 

systolic and diastolic blood pressures. As reported in previous 

studies,16–18 all variables were coded according to normal ref-

erence intervals, and the code “zero” indicates that the values 

are within the normal range, while “one” indicates any values 

outside of the normal reference range (Table S1). The FI-Lab 

score was calculated only if .80% of the variables were 

available for each subject. For each subject, the FI-Lab score 

was calculated as the number of deficits divided by the total 

number of tests. The FI-Lab score is a continuous variable, 

and for presentation purposes, the FI-Lab scores were 

empirically presented as four quartile grades: Q1: #0.174; 

Q2: 0.175–0.217; Q3: 0.218–0.304; and Q4: $0.305.

Outcomes
Resting ECGs were recorded with a standard 12-lead MECG-

200 electrocardiograph (MedEx, Beijing, China) at a paper 

speed of 25 mm/s after standardization (10 mm =1 mV) with 

filter settings. All individuals were initially requested to have 

5–10 minutes of rest before and after examination by a physi-

cian. We collected the ECG parameters, including heart rate, 

PR intervals (the time elapsing between the beginning of the 

P wave and the beginning of the next QRS complex), QRS 

duration (a series of waveforms on an electrocardiogram that 

represents depolarization of ventricular muscle cells), S wave 

in V1 (SV1), R wave in V5 (RV5), and QTc, via the interpre-

tation programs of the ECG machine. All ECG parameters 
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and abnormalities were identified by another cardiac physi-

cian. To adjust for heart rate, the Bazett formula (QTc = 

QT/√RR) was used in the present study.25 An abnormal QTc 

prolongation was defined as a QTc .450 ms in males and a 

QTc .470 ms in females.4

Covariates
The following sociodemographic and lifestyle characteris-

tics were included in the present study: age (70–74 years, 

75–79 years, 80–84 years, and 85–87 years), gender (male and 

female), smoking habits (never smoked, current smoker, or 

former smoker), drinking habits (never drank, current drinker, 

or former drinker), occupation (farmers and others), marital 

status (currently married, other [never married, divorced, sep-

arated, or widowed]), and literacy (illiterate, literate ($1 year 

of education)). The BMI was calculated by dividing the weight 

(in kilograms) by the square of the body height (in square 

meters). Depression symptoms were measured by the Chinese 

version of the 15-item Geriatric Depression Scale (GDS-15), 

consisting of 15 “yes” or “no” questions.26–28 The Hasegawa 

Dementia Scale-Revised (HDS-R) includes 11 items that are 

used to measure orientation, memory, attention/calculation, 

and verbal fluency and is a widely used, brief, and reliable 

measurement for evaluating global cognitive function.29 Self-

rated health was assessed by asking the participants the fol-

lowing question: “In general, compared with other people of 

the same age, would you say that your health is excellent, very 

good, good, fair, or poor?” HDS-R was used as a categorical 

variable, distinguishing between good (excellent, very good, 

or good, as the reference group) and poor (fair or poor).

statistical analysis
The data were presented as either the mean values ± SD or 

the percentages, with comparisons between groups made 

using the independent t-test or the Mann–Whitney U-test 

(for the former) and the chi-square test (for the latter), if 

appropriate. Logistic regressions were used to examine the 

relationships between FI-Lab results and QTc prolongation. 

Crude ORs were calculated in Model 1. Model 2 contained 

demographic variables, eg, age, gender, occupation, marital 

status, education, smoking status, and drinking status, added 

to Model 1. Model 3 included HDS-R score, GDS-15 score, 

and self-rated health status and medication use (drug use for 

at least 1 month from the baseline investigation) to Model 2. 

Statistical analyses were performed using SPSS statistical 

software 19.0 (IBM Corporation, Armonk, NY, USA), and 

in all statistical analyses, a two-sided p,0.05 was considered 

significant.

Results
The studied 1,780 participants (mean age: 77.1±4.0 years) 

included 839 men. The mean FI-Lab value was 0.24±0.09. 

The mean values ± SD of the QTc was 407±39 ms. The 

prevalence of abnormal QTc prolongation was 5.3% in old 

community populations aged 70–87 years (Table 1).

There were no significant differences in gender, age 

group, and occupation among the four quartile groups of 

FI-Lab. The QTc and SV1 were significantly shorter, and 

the heart rate was higher in the order of Q4. Q3. Q2. 

Q1 of FI-Lab, p,0.05 (Table 2). In the general linear 

regression analysis, FI-Lab was associated with QTc (crude 

model, β=3.1, p=0.001, Table 3). After adjustment for 

age groups, gender, occupation, marital status, education, 

smoking status, drinking status, depression status, HDS-R 

scores, self-rated health status, and medication history, the 

significance remained. In addition, higher FI-Lab value 

was associated with an increase in heart rate and SVI 

Table 1 Baseline characteristics of older participants

Characteristics n (%)

Female gender 947 (52.8)
Age (years), mean ± sD 77±4
Age group (years)

70–74 535 (29.8)
75–79 758 (42.3)
80–84 405 (22.6)
85–87 95 (5.3)

Current smoking 304 (17.7)
Current drinking 445 (26.1)
BMI (kg/m2), mean ± sD 23.4±4.3
Farmer 1,529 (88.6)
Currently married 1,149 (66.1)
Illiterate 904 (51.8)
self-rated health status (good) 1,441 (83.2)
Depression: gDs-15 items score $6 116 (6.8)
Cognitive function (hDs-r score) 21.7±6.9
Frailty index based on laboratory tests, mean ± sD 0.24±0.09
Abnormal QTc prolongation 90 (5.3)
Medication use 1,062 (59.2)
eCg

hr (beats/min), mean ± sD 70±13
Qrs (ms), mean ± sD 89±15
QTc (ms), mean ± sD 407±38
Pr interval (ms), mean ± sD 156±24
rV5 (mv), mean ± sD 1.7±0.8
sV1 (mv), mean ± sD 0.8±0.5
rV5+sV1 (mv), mean ± sD 2.4±1

Note: Values show the mean (sD) for continuous variables and percentages for 
categorical variables. 
Abbreviations: BMI, body mass index; eCg, electrocardiogram; gDs-15, 15-item 
geriatric Depression scale; hDs-r, hasegawa Dementia scale-revised; hr, heart 
rate; Pr, the time elapsing between the beginning of the P wave and the beginning of 
the next Qrs complex; Qrs, a series of waveforms on an electrocardiogram that 
represents depolarization of ventricular muscle cells; QTc, heart rate-corrected QT 
interval; rV5, r wave in V5; sV1, s wave in V1.
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(β=2.57, 95% CI: 1.92–3.22; β=0.04, 95% CI: 0.01–0.06), 

respectively.

Although heart rate was significantly associated with 

FI-Lab, this factor was used as an adjusted variate for the 

QTc phenotype. In addition, the sole association of SV1 with 

FI-Lab, instead of RV5 and SV1+RV5 simultaneously, did not 

suggest that the ECG measured left ventricular hypertrophy 

associated with FI-Lab. Therefore, we did not conduct further 

analysis for heart rate and SV1. A higher value for FI-Lab 

was associated with a higher risk of abnormal QTc prolon-

gation. Each 10% increase in the FI-Lab value increased 

the OR of abnormal QTc prolongation by 33% (95% CI: 

1.07–1.64) (Table 4). A significant increase in the risk of 

abnormal QTc prolongation of Q4 was observed compared 

with Q1 (OR: 1.91; 95% CI: 1.02–3.55), and the associa-

tion remained in the fully adjusted model (OR: 2.5; 95% 

CI: 1.21–5.19). In addition, we categorized the QTc into 

three groups: normal men #430 ms and women #450 ms; 

borderline men 431–450 ms and women 451–470 ms; and 

abnormal men $451 ms and women $471 ms. We also 

observed statistically significant associations of FI-Lab with 

the risk of abnormal QTc prolongation compared with those 

of the normal group (data not shown). Significant associations 

between FI-Lab and abnormal QRS duration and PR interval 

were not observed in the present study.

Discussion
In the present study, we provided the first evidence that a 

FI-quantified general health status is associated with the 

QTc and risk of QTc prolongation. With an increasing FI 

level, the length of the QTc increases. With an increasing FI 

degree, the odds of QTc prolongation occurrence increased. 

The present study highlights an independent effect of frailty 

in the risk stratification of QTc prolongation in the general 

elderly population. These associations should be validated 

in prospective studies.

The data for the associations between frailty and ECG indi-

cators are scarce. Recently, among an observational hospital-

based cohort of 41 chronic dialysis patients of advanced 

age (68.4±10.8 years), Chao and Huang30 found that among 

chronic hemodialysis patients, severity of frailty, as assessed 

by the Edmonton Frailty Scale, is inversely associated 

Table 2 eCg measures by four quartile grades of FI-lab

Measures All Q1 Q2 Q3 Q4 p-value

P wave (ms) 91.78±18.02 91.39±17.21 93.52±12.05 91.48±20.39 91.21±20.49 0.312
QTc (ms) 407.95±39.05 403.61±34.91 406.49±37.05 412.05±34.02 412.23±35.57 ,0.001
heart rate (beats/min) 70.5±13.34 68.08±11.47 70±13.71 71.07±13.21 75.02±15.38 ,0.001
Qrs duration (ms) 89.74±15.76 89.41±16.28 89.27±15.19 89.92±15.36 90.63±16.01 0.671
Pr interval (ms) 156.54±24.17 155.55±22.32 159.55±25.21 155.74±22.71 156.65±28.64 0.098
rV5 (mv) 1.65±0.81 1.66±0.78 1.66±0.82 1.61±0.84 1.71±0.83 0.48
sV1 (mv) 0.76±0.49 0.72±0.47 0.72±0.48 0.79±0.51 0.81±0.5 0.013
rV5 and sV1 (mv) 2.43±1.01 2.4±0.97 2.42±0.97 2.41±1.06 2.52±1.02 0.376 

Note: FI-lab is a frailty index constructed using 20 routine laboratory tests, plus the body mass index and measures of systolic and diastolic blood pressures. eCg measures 
is continuous data, data is presented as mean ± sD.
Abbreviations: eCg, electrocardiogram; FI, frailty index; Pr, the time elapsing between the beginning of the P wave and the beginning of the next Qrs complex; Qrs, a 
series of waveforms on an electrocardiogram that represents depolarization of ventricular muscle cells; QTc, heart rate-corrected QT interval; rV5, r wave in V5; sV1, 
s wave in V1.

Table 3 general linear regression analysis for associations of FI-lab with eCg measures

ECG measures Crude model p-value Model 1 p-value Model 2 p-value Model 3 p-value

QTc, ms 3.1 (1.28, 4.91) 0.001 2.77 (0.97, 4.57) 0.003 3.69 (1.78, 5.6) ,0.001 3.0 (1.43, 4.71) ,0.001
Qrs duration, ms 0.26 (-0.51, 1.04) 0.509 0.42 (-0.35, 1.18) 0.284 0.48 (-0.31, 1.28) 0.231 0.64 (-0.06, 1.34) 0.073
Pr interval, ms 1.26 (0.04, 2.49) 0.043 1.48 (0.27, 2.69) 0.017 1.13 (-0.13, 2.4) 0.078 -0.11 (-1.19, 0.97) 0.847
P wave 0.05 (-0.86, 0.97) 0.911 0.18 (-0.73, 1.09) 0.7 -0.19 (-1.09, 0.72) 0.685 -0.16 (-0.96, 0.64) 0.690
heart rate 2.57 (1.92, 3.22) ,0.001 2.51 (1.87, 3.16) ,0.001 2.96 (2.27, 3.65) ,0.001 2.05 (1.44, 2.66) ,0.001
rV5 0 (-0.04, 0.04) 0.899 0 (-0.04, 0.04) 0.947 -0.01 (-0.05, 0.04) 0.775 -0.01 (-0.04, 0.03) 0.758 
sV1 0.04 (0.01, 0.06) 0.002 0.04 (0.01, 0.06) 0.002 0.05 (0.03, 0.08) ,0.001 0.03 (0.01, 0.05) 0.002
rV5+sV1 0.03 (-0.02, 0.08) 0.249 0.03 (-0.02, 0.08) 0.185 0.03 (-0.02, 0.09) 0.202 0.02 (-0.03, 0.07) 0.398

Notes: Model 1: adjusted for age groups and gender; Model 2: adjusted for age groups, gender, occupation, marital status, education, smoking status, and drinking status; 
Model 3: adjusted for age groups, gender, occupation, marital status, education, smoking status, drinking status, cognitive function, depression, self-rated health status, and 
medication history. FI-lab is a frailty index constructed using 20 routine laboratory tests, plus the body mass index and measures of systolic and diastolic blood pressure. 
Data presented as its beta (95% CI).
Abbreviations: eCg, electrocardiogram; Pr, the time elapsing between the beginning of the P wave and the beginning of the next Qrs complex; Qrs, a series of waveforms 
on an electrocardiogram that represents depolarization of ventricular muscle cells; QTc, heart rate-corrected QT interval; rV5, r wave in V5; sV1, s wave in V1.
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with the QRS duration. Individuals with QRS .120 ms 

had significantly lower severity of frailty than those with 

QRS ,120 ms. These authors proposed that end-stage renal 

disease patients with more severe frailty exhibit higher levels 

of fluid accumulation than those with less severe frailty, lead-

ing to a shorter QRS duration on their ECGs.30 In 586 elderly 

volunteers recruited from a community dwelling, Michishita 

et al12 found that decreased physical activity level, espe-

cially inactivity and light-intensity physical activity, were 

associated with prolonged QTc. The authors assumed that 

the association between reduction in physical activity and 

a prolonged QTc might be caused by cardiac autonomic 

nervous system dysfunction and/or electrolyte imbalance, 

although the outcome of the present study is the intensity of 

physical activity instead of frailty, and frail patients in the 

present study may correspond to greater degree of inactivity, 

which is related to prolonged QTc.

In 2015, Song et al,31 in the Canadian Study of Health 

Aging, constructed an FI consisting of 19 deficits, proposing 

that a decline in general health status in features that are not 

known as traditional cognitive risk factors (eg, eye trouble 

or ear trouble) predicts the incidence of dementia. In the 

field of cardiovascular disease, a similar approach was also 

explored in the elderly population. Wallace et al15 developed 

a nontraditional risk score, including 17 nontraditional risk 

factors (eg, sinusitis and arthritis), and found that this score 

was independently associated with incident CHD events. 

In addition, an FI constructed using this nontraditional risk 

score and nine traditional risk factors (eg, hypertension, 

diabetes) was associated with incident CHD.15

In addition to a diverse range of deficits that result in the 

functional decline of multiple physiological systems, the 

association of FI-Lab with QTc prolongation might reflect 

the coexistence of frailty and prolonged QTc, which may 

be a reflection of common pathological pathways that link 

frailty with cardiovascular damages. 1) The aging process is 

different for different people. Beyond normal aging, different 

people accumulate different categories and degrees of defi-

cits with different adverse outcomes due to different genetic 

and environmental stresses. At the preclinical/microscopic 

level, the pathobiology of the wasting and weakness process 

has been correlated with dysregulated immune, endocrine, 

and neurohormonal systems,32,33 as manifested by increased 

levels of inflammatory cytokines (eg, interleukin [IL]-6 and 

C-reactive protein [CRP]). These inflammatory cytokines 

may affect cellular senescence and body composition to 

promote frailty, in addition to exerting malignant effects on 

the arterial wall to promote atherosclerosis and damage to 

the myocardium and cardiac autonomic system function to 

promote QTc prolongation.12,34 In addition, elevated levels of 

inflammatory cytokines lead to a decline in muscle mass and 

strength through promotion of catabolic processes, which may 

indirectly mediate the association between frailty and myocar-

dial damage.15,35 2) FI-Lab not only reflects a general amount 

of deficits that impair physiological reserves but also reflects 

shared mechanisms that cross a clinical threshold of one 

system (eg, CHD outcome), which may indicate subclinical 

disease in another system.36 Accumulated deficits, measured by 

FI-Lab, may cross the threshold of the cardiovascular system, 

in general, but may be clinically and specifically manifested 

as QTc prolongation in some elderly individuals. Recently, 

Parks et al37 developed an FI (including 31 variables that reflect 

different aspects of health, such as metabolic status and body 

composition) for murine models in which age-associated 

changes in myocytes (myocyte hypertrophy and peak contrac-

tions) are more prominent in animals with a high FI value.37 

3) The diversity of traditional risk factors of QTc prolongation 

suggests that a broadly constituted marker representing gen-

eral health decline, especially in elderly individuals, is infor-

mative. FI-Lab satisfies this scenario. FI-Lab, from another 

perspective, may reflect the overall effects of traditional risk 

factors for QTc prolongation in elderly individuals.

Table 4 Associations between FI-lab and abnormal prolongation of QTc by logistic regression models

Variable Crude models Model 1 Model 2 Model 3

OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value

Quartile 1 1 – – 1 – – 1 – – 1 – –
Quartile 2 1.33 (0.69–2.57) 0.394 1.32 (0.69–2.56) 0.403 1.62 (0.80–3.31) 0.184 1.62 (0.79–3.32) 0.202
Quartile 3 1.73 (0.99–3.02) 0.053 1.74 (1.00–3.04) 0.051 2.23 (1.22–4.08) 0.009 2.18 (1.19–4.03) 0.012
Quartile 4 1.91 (1.02–3.55) 0.042 1.94 (1.04–3.62) 0.037 2.41 (1.23–4.74) 0.011 2.28 (1.13–4.63) 0.022
zFI_lab (per sD) 1.29 (1.06–1.58) 0.012 1.30 (1.06–1.59) 0.010 1.38 (1.12–1.71) 0.002 1.35 (1.09–1.68) 0.007
FI_lab (per 0.1) 1.33 (1.07–1.64) 0.009 1.33 (1.08–1.65) 0.007 1.47 (1.18–1.84) 0.001 1.39 (1.10–1.75) 0.005

Notes: Model 1: adjusted for age groups and gender; Model 2: adjusted for age groups, gender, occupation, marital status, education, smoking status, and drinking status; 
Model 3: adjusted for age groups, gender, occupation, marital status, education, smoking status, drinking status, cognitive function, depression, self-rated health status, and 
medication history. FI-lab is a frailty index constructed using 20 routine laboratory tests, plus the body mass index and measures of systolic and diastolic blood pressure.
Abbreviations: QTc, heart rate-corrected QT interval; zFI_lab, zero-mean normalization of FI_lab.
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Conclusion
The observations of the present study suggest a general 

health assessment, as indicated by FI-Lab, providing risk 

stratification information to subjects with QTc prolongation. 

Constructing an FI from laboratory data commonly collected 

in routine clinical practice is an easy and convenient way to 

complete this analysis. Additionally, the FI does not generate 

extra burden for patients and physicians. Although the cross-

sectional nature of the present data prohibits causal inference, 

frailty may more likely be a predisposition to QTc prolonga-

tion mediated by mechanisms such as inflammation. Since 

this report is the first to link FI-Lab to QTc prolongation, this 

association should be validated in prospective studies.
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Table S1 Clinical and laboratory data used to construct the FI-lab

Variables Lower cutoff Upper cutoff

sBP (mmhg) 90 140
DBP (mmhg) 60 90
BMI (kg/m2) 18.5 28
FPg (mmol/l) 3.9 6.1
T3, free (pmol/ml) 4.53 6.5
Vitamin B12 (pg/l) 183 915
hemoglobin (g/l) 115 175
Mean corpuscular volume (fl) 80 98
neutrophils (×109/l) 2 6.95
Platelets (×109/l) 100 300
red blood cells (number/l) 3.5 5.5
White blood cells (number/l) 4 10
Albumin (g/l) 35 45
Alanine aminotransferase (U/l) 0 40
sCr (µmol/l) 44 105
Urea (mM) 145 420
β2-Mg (mg/l) 0.8 2.8
Tg (mmol/l) 0.33 1.7
TC (mmol/l) 2.87 5.17
hDl (mmol/l) 0.72 2
lDl (mmol/l) 0.98 3.36
hs-CrP (mg/l) 1 3
hcy (µmol/l) 4 15

Notes: normal reference values for laboratory tests were obtained from the national health and Family Planning Commission of the PrC and henry’s Clinical Diagnosis 
and Management by laboratory Methods 23e. normal references values for hemoglobin differed between the genders; thus, for women, the lower cutoff was 115 g/l and 
the higher cutoff was 150 g/l. FI-lab is a frailty index constructed using 20 routine laboratory tests, plus the BMI, DBP, and sBP.
Abbreviations: BMI, body mass index; CrP, C-reactive protein; DBP, diastolic blood pressure; FPg, fasting plasma glucose; hcy, homocysteine; hDl, high-density 
lipoprotein; hs-CrP, high-sensitivity CrP; lDl, low-density lipoprotein; Mg, microglobulin; sBP, systolic blood pressure; sCr, serum creatinine; T3, triiodothyronine; TC, total 
cholesterol; Tg, triglyceride.
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