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Abstract: The demand for monkeys for medical research is increasing, because their ionic mechanism of 
repolarization is similar to that of humans. The QT interval is the distance between the Q wave and T wave, but 
this interval is affected by heart rate. Therefore, QT correction methods are commonly used in clinical settings. 
However, an accurate correction formula for the QT interval in cynomolgus monkeys has not been reported. We 
assessed snapshot electrocardiograms (ECGs) of 353 ketamine-immobilized monkeys, including aged animals, 
and contrived a new formula for the corrected QT interval (QTc) as a marker of QT interval prolongation in 
cynomolgus monkeys. Values for QTc were calculated using the formula [QTc] = [QT] / [RR]n, along with several 
other formulas commonly used to calculate QTc. We found that the optimal exponent of the QT interval corrected 
for heart rate, n, was 0.576. The mean value of QTc in healthy monkeys determined using the new formula was 
373 ± 31 mm, and there were no significant differences between the sexes. Other ECG parameters were not 
significantly different between the sexes and there were no age-related effects on QTc. Prolongation of QTc to over 
405 ms, as calculated by the new formula, was observed in 50 monkeys with underlying diseases. Additionally, all 
monkeys with QTc above 440 ms by the new formula had some underlying disease. The results resemble those 
in humans, suggesting that the new QTc formula could be useful for diagnosis of QT interval prolongation in 
cynomolgus monkeys.
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Introduction

Cardiovascular diseases (CVDs) are a leading cause of 
human morbidity and mortality. Nonhuman primates are 
important animals for experimental use, because they 
have a similar system of systemically metabolic. in CVD 
studies, animal models involving animals that can be eas-
ily bred and can closely simulate human CVDs are neces-
sary. Nonhuman primate models of CVDs can reliably 

mimic human diseases, so that their causative mecha-
nisms can be investigated and novel drugs, diagnostic 
procedures and therapies can be developed [17, 29, 39]. 
as monkeys and humans show similar ionic mechanisms 
of repolarization, interest in using monkeys for pharma-
ceutical studies has recently increased [34]. From these, 
it is important to maintain monkeys that is healthy and 
usable for research. also, by detecting diseased monkey 
early, it can be effectively used for various research.
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For good maintenance and management of experimen-
tal animals, it is necessary to detect any underlying dis-
eases or disorders at an early stage in order to increase 
the efficiency of research.

experimental models of nonhuman primates are ideal 
for human medical research, from a viewpoint of anat-
omy, physiology and genomics. Cynomolgus monkeys 
(Macaca Fascicularis), which were used in this study, 
are one of the species of nonhuman primates that have 
been used for the study of various diseases related to 
aging, such as dementia, because their lifespan is ap-
proximately 30 years [33]. Since CVDs are also related 
to aging, the demand for CVD research using monkey 
models is also increasing.

electrocardiograms (eCgs) are very important non-
invasive diagnostic examinations for cardiac disease. it 
is used to diagnose various diseases, such as myocar-
dial infarction, cardiomyopathy and arrhythmias. among 
CVDs, arrhythmias account for most cases of sudden 
death [32, 34]. Hence, research on Qt interval prolonga-
tion is gaining momentum from various standpoints, 
such as both its spontaneous and drug-induced occur-
rence [3, 5, 9, 21, 34, 36]. many studies are currently 
conducted based on Qt intervals with Holter electrocar-
diographs [37]. However, eCg monitoring using Holter 
electrocardiography is very burdensome for monkeys, 
when the introduction into facility and annual manage-
ment. on the other hand, evaluation of snapshot eCgs 
in sedated monkeys is less invasive. However, there are 
only few reports on monkey eCgs under sedation, and 
the reports are limited to young monkeys [2, 8, 13, 15, 
24–27, 34, 36, 38]. Studies using a wide age range of 
subjects are required because the incidence of delayed 
ventricular repolarization increases with aging [28]. 
moreover, early diagnosis of any underlying disease is 
usable to manage and produce of disease models includ-
ing age-related CVDs. However, one notable issue with 
using nonhuman primates, such as cynomolgus monkeys, 
is that their heart rate is very rapid because of their small 
body size. an increase in heart rate leads to shortening 
of the rr interval, and, hence, shortening of the Qt 
interval. therefore, use of a parameter calculated by 
taking heart rate into consideration when calculating the 
Qt interval, i.e. the corrected Qt interval (Qtc), is rec-
ommended [1, 2, 7, 9, 13, 16, 31, 32, 34, 37]. However, 
there is no such correction formula for cynomolgus 
monkeys.

QTc formulas can be classified based on their charac-
teristics as population correction methods, test specific/
individual correction methods and Holter bin methods 
[5, 7, 9]. We examined a population correction method 
in this study because it is the most popular method and 

can be used at any time.
Here, we aimed to determine a highly sensitive meth-

od to detect CVD in cynomolgus monkeys using snap-
shot eCgs, focusing on the Qt interval, when the intro-
duce of animals to facility in the present study. this 
report used over 300 monkeys ranging in age from young 
(1.2 years old) to senior (36.4 years old) monkeys, and 
investigated the utility of electrocardiographic reference 
values and formulas for calculating Qtc as a marker of 
arrhythmia in cynomolgus monkeys. This is the first 
report to investigate the best Qtc calculation formula 
using standard eCgs of cynomolgus monkeys of a wide 
age range. Due to the convenience and simplicity of eCg 
monitoring, eCgs are commonly used to identify mon-
keys with various underlying diseases, facilitating man-
agement of the monkey colony. this is likely to be use-
ful because the demand for monkey data for advanced 
medical sciences and pharmaceutical studies has been 
recently increasing and the data of this report will sig-
nificantly contribute to achieving this goal.

Materials and Methods

Animals
the eCg data of 353 monkeys (191 females, 162 

males), weighing approximately 1.2 to 10 kg and ranging 
in age from 1.2 to 36.4 years, were examined in this 
study (table 1). the monkeys were housed and bred at 
the breeding colony of tsukuba Primate research Cen-
ter. all monkeys were individually housed in stainless-
steel cages under the following conditions: temperature, 
23–27°C; humidity, 50–70%; 12 air changes/h; and 
12/12-h light/dark cycles, and were fed 70 g of com-
mercial monkey chow (Cmk-2; CLea japan, inc., to-
kyo, japan) and 200 g of fruit daily, unless otherwise 
indicated. all the monkeys were evaluated by regular 
annual examinations, including chest auscultation and 
palpation to assess their physical condition. after the 
eCg was monitored, monkeys clinically diagnosed with 
cardiovascular dysfunction underwent other examina-
tions, such as common blood tests, echocardiography, 

Table 1. Characteristics of the cynomolgus monkeys used in this 
study

animals Female
191

male
162

total
353

Weight (kg) mean ± SD 3.8 ± 1.2 4.7 ± 1.6 4.2 ± 1.5
range 1.2–8.1 1.4–10.0 1.2–10.0

age (years) mean ± SD 16.1 ± 9.0 9.7 ± 8.0 13.1 ± 9.2
range 1.2–36.4 1.3–33.1 1.2–36.4

the study included a large number of monkeys and covered a wide 
age range.
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chest X-ray and blood pressure measurements. this 
study proceeded according to the rules for animal Care 
and management of the tsukuba Primate research Cen-
ter, the guiding Principles for animal experiments us-
ing Nonhuman Primates formulated by the Primate 
Society of japan [10, 11] and the guide for the Care and 
use of Laboratory animals [12]. the animal Welfare 
and animal Care Committee of the National institute of 
Biomedical innovation, Health and Nutrition (NiBioHN, 
osaka, japan) approved the study protocol.

ECG values
eCgs were obtained in the supine position under im-

mobilization in this study [34]. each monkey was im-
mobilized using 10 mg/kg of ketamine hydrochloride 
intramuscularly (ketalar; Daiichi Sankyo Propharma, 
tokyo, japan). Standard 6-lead eCgs were recorded 
using a 3-channel electrocardiograph (D300; Fukuda 
me, tokyo, japan). the leads were set at the common-
ly used positions, i.e. the right armpit, left armpit, right 
groin (ground) and left groin.

For each animal, five Qt and rr intervals were 
manually measured, and their values were averaged to 
obtain a single value. additionally, the other parameters 
were measured automatically by the device. three wave-
forms were averaged by the device, and the averaged 
value including t wave which all unclear waves were 
removed was used as a parameter.

QT interval correction methods
the Qt interval is usually measured automatically by 

an electrocardiograph. QTc is affected by heart rate and 
the rr interval. However, eCg device that are usually 
used in humans, cannot measure Qt and rr interval of 
cynomolgus monkey accurately. in this study, we mea-
sured each eCg value and calculated Qtc using several 
formulas commonly used in human medicine [3, 6, 23]. 
First, the Qt interval and heart rate were measured from 
the eCg. Second, we applied the results of these mea-
surements to various previously reported correction for-
mulas for humans, and examined the calculated values 
for Qtc. the correction formulas that we used in this 
study included Bazett’s formula [QTc] = [QT] / [RR]1/2, 
Fridericia’s formula [QTc] = [QT] / [RR]1/3, Framing-
ham’s formula [QTc] = [QT] + (1 − [RR] × 0.154), 
Hodges formula [QTc] = [QT] + 1.75 × ([heart rate] − 60), 
and Yoshinaga’s formula [QTc] = [QT] / [RR]0.31 [23].

Next, we created a new formula that we modified from 
other formulas, namely Bazett’s, Fridericia’s and yoshi-
naga’s formulas, and examined Qtc using this new for-
mula.

Finally, the reference value of Qtc using all of the 

methods was determined based on its frequency distribu-
tion.

Statistical analysis
Bilateral Welch’s t-test was performed on each Qtc 

value to assess differences between sexes. P values of 
0.05 or less were considered statistically significant. The 
correlation between rr interval and Qtc in each for-
mula was assessed using Pearson’s correlation coefficient 
analysis. Pearson’s correlation coefficient was also used 
to assess the correlations of other eCg parameters with 
age and weight. graphical data were obtained using cal-
culation software (Microsoft Office Excel 2016; Micro-
soft Corp., redmond, Wa, uSa). all statistical analyses 
were performed with eZr (Saitama medical Center, 
jichi medical university, Saitama, japan), which is a 
graphical user interface for r (ver. 3.3.2, the r Founda-
tion for Statistical Computing, Vienna, austria). more 
precisely, it is a modified version of R commander (ver. 
2.3-0) designed to add statistical functions frequently 
used in biostatistics [20].

Results

We evaluated Leads i to iii of the eCg in this study. 
We found no sex-related differences in ECG parameters. 
Figure 1 shows examples of standard and abnormal 
eCgs from cynomolgus monkeys that were assessed in 
this study. the standard eCg from a cynomolgus mon-
key is similar in shape to the human eCg (Fig. 1a), 
while the abnormal eCg demonstrates Qt prolongation 
and low-voltage of the r wave (Fig. 1B). the QrS wave 
of cynomolgus monkeys is known to have a low ampli-
tude, as was also seen in the healthy monkeys in this 
study [18, 35]. although each interval was shorter than 
that in humans, the amplitudes were similar to those in 
humans. most monkeys showed the highest amplitude 
in Lead ii, and the heart’s electrical axis was similar to 
that in humans.

most parameters, especially the r wave, of normal 
monkeys were shown by Holter eCg to be of somewhat 
lower amplitude compared with the human eCg. Fur-
ther, snapshot eCgs under ketamine immobilization 
resembled the Holter eCg of cynomolgus monkeys 
(Supplementary Fig. 1). although ketamine is known to 
increase heart rate, previous studies reported that ket-
amine immobilization does not affect ECG parameters 
[18, 35], suggesting that evaluation of snapshot eCg 
parameters under ketamine immobilization is useful for 
detecting underlying diseases (Supplementary table 1).

Bazett’s formula has long been used for various eCg 
evaluations. However, previous reports only included 
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young animals for toxicological examinations. there-
fore, there are no reports including older animals, as in 
our study. in this study, we tried to establish a Qt cor-
rection formula for a wide age-range of animals, includ-
ing older animals.

Comparison of Qtc calculated using the six formulas 
showed that Bazett’s formula was least influenced by the 
RR interval. We then modified Bazett’s formula to derive 
a formula that was even less affected by the RR interval. 
Bazett’s formula is [QTc] = [QT] / [RR]n, in which the 
value of the exponent, n, is 1/2. Since we considered that 
a more suitable formula could be derived by finding an 
optimal value for n, we assessed a formula using the 
correlation coefficient between the QT interval and RR 
interval as the exponent ‘n’. We found the value of ‘n’ 
to be “0.576”. Plots of correction results using several 
formulas, including the new one, are shown in Fig. 2. 
as seen in the graph, the new formula can stably correct 
Qt interval even in older monkeys.

When this formula was used to calculate Qtc, there 
were no sex differences in ECG parameters (Table 2, Fig. 
3a). Further, there were no differences in QTc in relation 
to age (Fig. 3B). Similarly, there were no body weight-
dependent effects on QT interval (Fig. 3C). The QTc 
using the new formula was 373 ± 31 ms (for both sexes). 
the data derived using the new formula and the plotted 
distribution were similar to those previously reported for 
humans (Fig. 3a) [19]. additionally, we found that many 
monkeys with underlying diseases, such as dilated car-
diomyopathy, diabetes mellitus and valvular heart dis-
ease, demonstrated prolonged Qtc intervals of more than 
405 ms (Fig. 3D). after eCg evaluation, pathological 
analysis of the heart was performed in all animals with 
a Qtc of over 405 ms by our new formula, to evaluate 
the presence of underlying diseases. the results of 

pathological analysis revealed that the most common 
underlying disease in cases with Qtc over 405 ms was 
dilated cardiomyopathy, and diabetes animals were clas-
sified to type 2 diabetes mellitus (Figs. 3D and 4).

Discussion

Standard ECG values in cynomolgus monkeys
although the eCgs of cynomolgus monkeys have 

been evaluated before, previous studies involved fewer 
subjects and only young monkeys [1, 2, 7, 9, 34]. this 
study is the first large scale ECG study in cynomolgus 
monkeys of a wide age range. This is also the first study 

Fig. 2. Comparison between the corrected Qt interval (Qtc) cal-
culated using the new formula and those calculated using 
other formulas. Qtc calculated using our new formula 
exhibited ideal correction as compared to Qtc calculated 
using other formulas. only three formulas, including ours, 
showed especially good correction. Bazett’s formula and 
the new formula had almost no correlation with the rr 
interval, which is ideal. this indicates that these two are 
the most suitable formulas for calculating Qtc.

Fig. 1. Comparison between abnormal and normal electrocardiograms (eCgs) in cynomolgus monkeys. the 
abnormal eCg demonstrates clear Qt interval prolongation as compared to the normal eCg. the 
normal eCg from a healthy cynomolgus monkey is similar to a human eCg, although the heart rate 
is faster (a). this abnormal eCg shows remarkable Qt prolongation, prolongation of the QrS inter-
val and left axis deviation (B). this monkey was diagnosed with severe dilated cardiomyopathy.
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to determine reference eCg values in immobilized cy-
nomolgus monkeys for future use in pharmacological, 
physiological and other studies.

the cynomolgus monkeys in the present study were 
immobilized with ketamine hydrochloride prior to mea-
suring eCgs. use of ketamine for immobilization is safe 

Table 2. electrocardiogram (eCg) parameters and the corrected Qt interval (Qtc) calculated using six formulas in 353 
cynomolgus monkeys

Female male total Correlation with 
rr interval

Correlation 
with age P-value

Qtc0.576 371 ± 31 375 ± 32 373 ± 31 –0.07+ 0.01
QtcB 342 ± 29 348 ± 29 345 ± 29 0.09+ 0
QtcF 288 ± 26 297 ± 27 292 ± 27 0.41 –0.02 **
QtcFr 310 ± 21 306 ± 19 303 ± 21 0.48 –0.03 ***
QtcH 176 ± 51 188 ± 45 197 ± 45 –0.97 0.05 ***
Qtcy 290 ± 27 285 ± 26 281 ± 27 0.44 –0.03 **
Heart rate (beats/min) 173 ± 26 161 ± 31 167 ± 29 –0.97 0.05 ***
rr (ms) 356 ± 61 389 ± 79 371 ± 72 1 –0.07 ***
Qt (ms) 204 ± 25 216 ± 29 210 ± 28 0.76 –0.05 ***

the new formula and Bazett’s formula could appropriately correct the Qt interval. +: No correlation. **: P<0.01, ***: 
P<0.001. Qtc0.576: Qtc calculated using the new formula (exponent=0.576). QtcB: Qtc calculated using Bazett’s for-
mula. QtcF: Qtc calculated using Fridericia’s formula. QtcFr: Qtc calculated using Framingham’s formula. QtcH: Qtc 
calculated using Hodges’ formula. Qtcy: Qtc calculated using yoshinaga’s formula. Qt: manually measured Qt interval.

Fig. 3. Correlation between the corrected Qt interval (Qtc) calculated using the new formula and underlying diseases, sex, body weight 
and age. QTc calculated using the new formula was useful in the diagnosis of underlying diseases. This figure shows the distribu-
tion of QTc in relation to sex in all the samples; there were no sex-related differences in QTc in this study (A). Body weight and 
age-dependent effects were mostly absent (B, C). Relationship between monkey QTc intervals longer than 405 ms and underlying 
diseases (D). electrocardiograms (eCgs) with Qtc intervals longer than 405 ms were observed in monkeys with various cardio-
vascular and systemic diseases, indicating that the new correction formula can correct Qt interval appropriately. LBBB: Left 
bundle branch block, VSD: Ventricular septal defect, DCm: Dilated cardiomyopathy, DCrV: Double chambered right ventricle.
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and does not affect the ECG or heart rate in nonhuman 
primates [18, 35]. assessment of the eCg under anes-
thesia is a common and basic inspection method in non-
human primates [2, 34]. Detection of any underlying 
disease at an early stage under reproducible, safe and 
non-stressful conditions will facilitate management of 
the animals and enable creation of various experimental 
models of cynomolgus monkeys [35].

Here, we evaluated the correlation between various 
eCg parameters and age and weight. our study showed 
no significant correlation between ECGs and age or 
weight (Figs. 3B and C). in humans, the PQ interval and 
duration of P are known to be prolonged with aging [3, 
6, 23]. our results, on the other hand, suggest that aging 
is not associated with a prolonged PQ interval and dura-
tion of P in cynomolgus monkeys. Prolongation of the 
PQ interval and P duration with aging in other macaques 
has also never been reported. Hence, it was necessary to 
investigate the PQ interval and duration of P with aging. 
the mean amplitude of the r wave in this study was 
higher than in previous studies, while the amplitudes of 
other waves in the eCg were similar to those previ-
ously reported. [1, 2, 7, 8, 34]. However, the results of 
previous studies were affected by sample size. The pres-
ent study used over 300 monkeys, all of whom underwent 
periodic health examinations, and none of whom had 
irregular cardiovascular symptoms or systemic abnor-

malities. this increases the reliability of our data.
the heart rate of the cynomolgus monkeys in the pres-

ent study (females: 173 ± 26 bpm, males: 161 ± 31 bpm) 
was slower than previously reported, although the other 
parameters, such as amplitude of P wave and t wave, 
were almost the same as those in previous reports [1, 2, 
7, 8, 34]. in this study, we evaluated cynomolgus mon-
keys in the supine position. Heart rate is known to be 
affected by position, becoming slower in the supine posi-
tion. Hence, the slower heart rate in this study compared 
to a previous study was likely because the eCgs were 
recorded with the monkeys in the supine position [34].

New QTc formula for cynomolgus monkeys
the amplitudes and durations of the various compo-

nents of the eCg are useful for detecting cardiac dis-
eases, such as cardiomyopathy. in humans, measurement 
of the Qt interval of the eCg is considered especially 
important in the diagnosis of many cardiac diseases [22]. 
researchers commonly use Qtc rather than Qt in their 
studies, because the QT interval is affected by heart rate. 
Bazett’s formula ([QTc] = [QT] / [RR]1/2) and Frideri-
cia’s formula ([QTc] = [QT] / [RR]1/3) are the common 
formulas used for calculating Qtc. Bazett’s formula is 
used in adults, while Fridericia’s formula is used in chil-
dren and in patients whose heart rate tends to fluctuate. 
yoshinaga’s, Hodges’ and Framingham’s formulas are 
also used for Qt correction. yoshinaga’s formula uses 
a different exponent from Bazett’s and Fridericia’s for-
mulas; however, it has not been used much in drug dis-
covery research because it overestimates Qtc when the 
heart rate is rapid. Bazett’s formula is commonly used 
to correct Qt interval, although it is most often used in 
toxicological examinations and no previous reports have 
included older monkeys, unlike in this study. Hodge’s 
and Framingham’s formulas are correction methods that 
apparently do not overestimate Qtc at rapid heart rates 
as compared to the formulas using an exponential func-
tion [23]. However, these formulas were not able to ac-
curately correct the Qt interval and seemed to correlate 
with the rr interval in our study. our results suggested 
that Bazett’s formula (r=0.087) is the most appropriate 
from among the existing formulas for calculating Qtc 
(Fig. 2), since it does not correlate with the rr interval.

additionally, we used the correlation between rr and 
Qt intervals to obtain the exponent for a more ideal Qt 
correction formula in this study, and arrived at a value 
of 0.576. Substitution of this new exponent into Bazett’s 
formula, [QTc] = [QT] / [RR]n, resulted in a more ac-
curate correction of the QT interval (r=−0.075). In this 
new formula, the QT interval is less affected by heart 
rate, making it superior to Bazett’s formula.

Fig. 4. microscopic evaluation of cardiac tissue in animals who 
presented with the corrected Qt interval (Qtc) of over 
405 ms using the new Qt correction formula. Several 
monkeys who showed Qtc of over 405 ms using the new 
formula demonstrated dilated cardiomyopathy on micro-
scopic evaluation. this microscopy obtained the monkey 
that showed Qt interval prolongation. Dilated cardiomy-
opathy was diagnosed on the basis of observation of fi-
brosis extending over both ventricles and thinning of the 
ventricular wall (Bar=10 mm). Since these findings were 
found in the group with Qtc of over 405 ms using the new 
formula, it suggests the utility of this formula.
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in the present study, we also investigated sex-related 
differences in QTc. Figure 3A shows sex-related QTc 
distribution, which showed no sex differences in QTc in 
this study. Additionally, no significant age- and weight-
related difference in QTc was detected in this study (Figs. 
3B and C). as shown in Fig. 3B, we also investigated 
the relationship between Qtc of over 405 ms and sev-
eral disease conditions. after the eCg analysis, we re-
conducted medical examination and cardiac-focused 
examination, such as chest X-ray, cardio-specific blood 
tests and echocardiography. as shown in the graph, many 
of the monkeys had cardiovascular and other systemic 
diseases, such as ventricular septal defect, dilated car-
diomyopathy, heart failure and diabetes mellitus. ad-
ditionally, pathological analysis of monkeys in whom 
Qtc was over 405 ms revealed that the most common 
abnormalities were dilated cardiomyopathy and type 2 
diabetes mellitus (Fig. 4). moreover, mitral stenosis was 
the most commonly diagnosed valvular disease due to 
progression of age-dependent fibrosis in cardiac valves. 
Further, all monkeys with QtC over 440 ms had under-
lying diseases. Since not only structural anomalies of 
the heart, but also electrical abnormalities such as ar-
rhythmia and systemic diseases such as diabetes were 
widely included, using Qtc of 405 ms or more as a di-
agnostic criterion will be useful for early detection of 
various diseases. these results are similar to those re-
ported in human research, suggesting that the data of this 
study could be useful in medical research and as part of 
routine medical care of nonhuman primates used in re-
search [3, 6, 23]. Furthermore, this report could be used 
to detect several diseases for various researches.

in this study, we compared eCg parameters, including 
mean QTc calculated using the different formulas (Table 
2). the Qtc in this study was longer than those previ-
ously reported, because both the Qt interval and rr 
interval were measured manually in this study. manual 
measurements allow more accurate assessment of Qt 
and rr intervals [30]. Furthermore, the Qtc obtained 
using our formula was similar to those in adult humans 
[3, 23]. the Qtc values in previous studies were ap-
proximately 200–300 ms when calculated using Bazett’s 
and/or Fridericia’s formulas. Those calculated by the 
new formula in this study were approximately 350–400 
ms. this result indicates that our formula provides stable 
correction of the Qt interval. this value of Qtc is 
closer to that in humans [3, 6, 23], suggesting that the 
new formula is appropriate for clinical use and usable 
in longevity research and advanced medical science.

Previous studies have described significant sex and 
age-related differences in the QT interval in humans. 
However, graphical evaluation of the relationship be-

tween Qt interval and age shown in Fig. 3B revealed no 
age-dependent effect on QTc calculated by our formula 
in this study. a study on prolonged Qtc syndrome in 
humans found that the disease-related genes are fre-
quently transmitted in women [4, 19]. although there 
are a few reports that the genes are paternally imprinted 
during early ontogenesis in human genome research, the 
reports are not conclusive, and the effect on actual patho-
physiological phenotype is still unknown [14]. in mon-
keys kept in laboratory facilities, their amount of activ-
ity is smaller and they are more relaxed and in a more 
constant living environment than wild animals. that is 
suggested as one cause for the difference between hu-
mans and monkeys. although human and nonhuman 
primates have very few differences compared to between 
humans and mice and rats, it is also possible that genes 
related to the QT interval have different inheritance pat-
terns. genome research in nonhuman primates is cur-
rently still in its elementary stages, and it is expected 
that sex differences in QTc will be clarified in the future.

in conclusion, we established a new formula to detect 
Qt prolongation syndrome in cynomolgus monkeys, and 
determined standard eCg values in cynomolgus mon-
keys. these data will be useful for clinical and pharma-
ceutical research, and might be an important tool for the 
management of experimental nonhuman primates.
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