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Study Objectives: To examine sex-specific associations between sleep
duration and mortality from cardiovascular disease and other causes.
Design: Cohort study.

Setting: Community-based study.

Participants: A fotal of 98,634 subjects (41,489 men and 57,145 women)
aged 40 to 79 years from 1988 to 1990 and were followed until 2003.
Interventions: N/A.

Measurements and Results: During a median follow-up of 14.3 years,
there were 1964 deaths (men and women: 1038 and 926) from stroke,
881 (508 and 373) from corcnary heart disease, 4287 (2297 and 1990)
from cardiovascular disease, 5465 (3432 and 2033) from cancer, and
14,540 (8548 and 5992) from all causes. Compared with a sleep duration
of 7 hours, sleep duration of 4 hours or less was associated with increased
mortality from coronary heart disease for women and noncardiovascular
disease/noncancer-and all causes in both sexes. The respective multi-
variable hazard ratios were 2.32 (1.19-4.50) for coronary heart disease
in women, 1.49 (1.02-2.18) and 1.47 (1.01-2.15) for noncardiovascular

disease/noncancer, and 1.29 (1.02-1.64) and 1.28 (1.03-1.60) for all
causes in men and women, respectively. Long sleep duration of 10 hours
or longer was associated with 1.5- to 2-fold increased morality from to-
tal and ischemic stroke, total cardiovascular disease, noncardiovascular
disease/noncancer, and all causes for men and women, compared with
7 hours of sleep in both sexes. There was no association between sleep
duration and cancer mortalify in either sex.

Conclusions: Both short and long sleep duration were associated with
increased mortality from cardiovascular disease, noncardiovascular
disease/noncancer, and all causes for both sexes, yielding a U-shaped
relationship with total mortality with a nadir at 7 hours of sleep.
Keywords: Sleep duration, coronary heart disease, mortality, prospec-
tive study
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PREVIOUS COHORT STUDIES HAVE DEMONSTRATED
THAT SHORT OR LONG SLEEP DURATION IS ASSOCI-
ATED WITH THE INCIDENCE OF OR MORTALITY FROM
cardiovascular disease,"* as well as total mortality.’”¢ The Na-
tional Health and Nutrition Examination Survey I showed a
1.5-fold increase in the risk of stroke for persons with more
than 8 hours of sleep, compared with those with 6 to 8 hours
of sleep.! The Nurse’s Health Study also reported that, com-
pared with 8 hours of sleep, short or long sleep duration of 5 or
more hours or 9 or more hours was associated with an increased
incidence of coronary heart disease for women aged 40 to 65
years,? and, compared with 7 hours of sleep, long sleep duration
of 9 or more hours was associated with mortality from cardio-
vascular disease, noncardiovascular disease/noncancer, and all
causes, whereas short sleep duration of 5 hours or less was as-
sociated with mortality from all causes and noncardiovascular
disease for women aged 40 to 65 years.> The Whitehall I cohort
study found a U-shaped association between sleep duration and
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mortality from' cardiovascular disease and noncardiovascular
disease and between sleep duration and all causes for men and
women aged 35 to 55 years.* An earlier report of our Japanese
cohort study® ‘also showed a U-shaped relationship between
sleep duration’and total mortality, but cause-specific analyses
were not carried out. Thus, the association between short or
long sleep duration and mortality from cardiovascular disease
and other causes for Japanese men and women has remained
unclear.

To examine the sex-specific associations of sleep duration
and mortality from stroke, coronary heart disease, and other
causes, as well as fotal mortality, we analyzed the extended
follow-up data from a large-scale prospective study of approxi-
mately 98,000 Japanese men and women.

METHODS
Study Population

The Japan Collaborative Cohort Study for Evaluation of Can-
cer Risk sponsored by Monbusho (JACC study) was conducted
from 1988 to 1990, when 110,792 subjects (46,465 men and
64,3277 women) aged 40 to 79 years and living in 45 commu-
nities acros§ Japan participated in municipal health-screening
exatninations and completed self-administered questionnaires,
including liféstyle data and medical histories of previous cardio-
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vascular disease and cancer at baseline. The details of the study
procedure have been described previously.” In most communi-
ties, informed consent was obtained individually and directly
from members of the cohort, whereas, in several communities,
informed consent was obtained at the community level after the
purpose of the study and confidentiality of the data had been
explained to community leaders and mayors. Of the 110,792
cohort participants, data from 6782 (2613 men and 4169 wom-
en) were excluded because of missing information on sleep du-
ration, as were data from 5376 subjects (2363 men and 3013
women) who reported a history of cancer, stroke, or coronary
heart disease. Finally, a total of 41,489 men and 57,145 women
were included in the study.

Mortality Surveillance

For mortality surveillance in each of the communities, inves-
tigators conducted a systematic review of death certificates, all
of which had been forwarded to the public health center in the
area of residency. Mortality data were then centralized at the
Ministry of Health and Welfare, and the underlying causes of
death were coded for the National Vital Statistics according to
the International Classification of Diseases, 10th revision (ICD-
10). Therefore, all deaths that occurred in the cohort were ascer-
tained by death certificates from a public health center, except
for subjects who died after they had moved from their original
community, in which case the subject was treated as withdraw-
als from observation when they moved out. Cause-specific mor-
tality was determined separately in terms of cancer (C00-C97),
total cardiovascular disease (I01-199), coronary heart disease
(120-125), and total stroke (160-169); noncardiovascular disease/
noncancer was listed as the cause of death when cardiovascular
disease and cancer were excluded. Stroke deaths were further
subdivided into intraparenchymal hemorrhage (161), subarach-
noid hemorrhage (160), and ischemic stroke (163 and [693), The
follow-up is believed to be complete and accurate as a result of
systematic examination of death certificates and residency sta-
tus. By December 31, 2003, except for 4 communities in which
follow-up. was terminated: at the end of 1999, 14,540 subjects
were treated as withdrawals from observation when they died,
and 4188 subjects were treated as withdrawals from observa-
tion when they moved out of the study community. The median
follow-up period for the participants was. 14.3 years. This study
was approved by the ethics committees of the Nagoya Univer-
sity School of Medicine and the University of Tsukuba.

Baseline Survey

The baseline data were collected by means of a self-admin-
istered questionnaire, which included sleep duration; demo-
graphic characteristics; and histories of hypertension, diabetes
mellitus, and other chronic diseases, as well as habits related to
smoking, alcohol consumption, diet, and exercise. We obtained
information about the average sleep duration on weekdays dur-
ing the preceding year. The average sleep duration per day was
classified into 7 categories: less than 4.5 hours ( <4 hours); 5,
6, 7, 8; and 9 hours; and equal to or longer than 9.5 hours ( >
10 hours). Fractions hours were rounded off (eg, 7 hours repre-
sented responses from 6.5 to 7.4 hours). Depressive symptom
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was assessed by using 4 psychological or behavior items®: (1)
Do you think that your life is meaningful? (2) Do you think
that you make decisions quickly? (3) Are you enjoying your
life? (4) Do you feel that others rely very much on you? These
4 items were then combined into an overall index of depres-
sive symptoms. Questions with positive/neutral or negative re-
sponses were scored as 0 or 1, respectively. Thus, the overall
index of depressive symptoms had a possible range from 0 to
4 (Cronbach « coefficient of 0.52), and subjects were grouped
according to whether they had no symptoms, 1 symptom, or 2
or more symptoms. The reproducibility and validity for dietary
intake have been reported elsewhere

Statistical Analysis

Statistical analyses were based on sex-specific mortality
rates of disease outcomes and all cause during the follow-up
period from 1988-1990 to 2003 (to 1999 for 4 communities).
The person-years of follow-up were calculated from the date
of filling out the baseline questionnaire to death, moving out of
the community, or the end of follow-up, whichever came first.
Sex-specific age-adjusted mean values and prevalence of car-
diovascular risk factors were calculated. The sex-specific haz-
ard ratios with 95% confidence interval (CI) of mortality from
disease outcomes and all causes were calculated with reference
to the risk for 7 hours of sleep. These estimates were adjusted
for age and other potential confounding factors by means of
the Cox proportional hazards model. The other potential con-
founding factors were history of hypertension, history of dia-
betes, body mass index (sex-specific quintiles), smoking status
(never, exsmoker, current smoker of 1-19, and current smoker
of > 20 cigarettes per day), alcohol consumption (nondrinker,
exdrinker, current drinker 0f 0,1-22.9, 23.0-45.9, 46.0-68.9, and
> 69.0 g ethanol per day), hours of exercise (almost never and
1-2, 3-4, and > 5 hours per week), hours of walking (almost
neverand 0.5, 0.6-0.9, and > 1 hours per day), perceived mental
stress: (low, moderate, and high), depressive symptoms (0, 1,
and > 2 symptoms), education level ( < 13, 13-15, 16-18, and >
19 years), regular employment or not, fresh fish intake (almost
never, 1 to 2 days a month, 1 to 2 days a week, 3 to 4 days a
week, and almost every day). SAS (SAS, Inc:; Cary, NC)(ver-
sion 9.13) was used for all statistical analyses.

RESULTS

After a follow-up of 1,270,585 person-years, the deaths of
1964 (men and womien; 1038 and 926) from stroke; 881 (508
and 373) from coronary heart disease, 4287 (2297 and 1990)
from total cardiovascular disease; 5465 (3432 and 2033) from
cancer, and 14,540 (8548 and 5992) from all gauses had been
documented.

Table 1 shows sex-specific age-adjusted mean values or
prevalence of risk characteristics at baseline by sleep-duration
category. The respective percentages of <4, 5,6, 7, 8,9, and >
10 hours of sleep were 1%, 3%, 13%, 32%, 39%, 8%, and 4%,
respectively, for men and 1%, 5%, 20%, 38%, 29%, 5%, and
2%, respectively, for women. Compared with 7 hours of sleep,
short or long sleep duration tended to be associated with older
age and more depressive symptoms for both men and women.
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"ablel—Sex-Specific, Age-Adjusted Mean Values or Prevalence of Cardiovascular Risk Factors at Baseline by Sleep Duration
Sleep duration, h/day
<4 5 6 7 8 9 =10
Men
No. at risk 215 1142 5513 13423 16042 3491 1663
Age,y 60.1 58.6 56.1 55.1 57.3 60.2 64.4
BMI, kg/m? 22.3 22.7 229 226 22.6 224 22.5
Overweight 18.9 219 22,0 17.8 17.5 17.2 18.6
History of hypertension 27.0 24.8 20.4 19.4 19.9 215 22.9
History of diabetes 13.4 7.8 7.5 6.5 6.3 6.1 7.1
Ethanol intake, g/day 41.9 36.7 334 32.1 34.9 37.4 40.1
Current smoker 473 45.8 50.3 535 55.5 56.8 58.7
College or higher education 12.1 17.5 20.1 19.8 16.2 12.4 i1
High perceived mental stress 379 377 314 23.6 19.3 203 20.8
2 or more depressive symptoms 14.5 9.2 6.1 4.5 5.2 7.3 10.0
Exercise > 5 h/iwk 9.5 7.5 6.8 6.7 7.2 8.8 7.8
Walking > | h/day 424 45.8 46.5 49.3 51.3 53.0 51.3
Regular employment 60.7 73.1 76.7 77.8 76.6 72.9 68.8
Fresh fish intake, no./wk 6.4 6.8 6.7 6.8 7.1 7.1 7.4
Women
No. at risk 430 2699 11668 21501 16643 2935 1269
Age,y 62.8 58.5 55.6 554 59.0 63.0 67.5
BMI, kg/m? 22.8 22.8 22.9 22.8 23.0 23.1 23.2
Overweight 21.0 23.1 22.4 21.5 236 252 26.7
History of hypertension 22.9 23.6 22.1 222 22.8 22.0 23.9
History of diabetes 2.8 5.0 39 3.5 3.9 4.0 4.4
Ethanol intake, g/day 12.9 13.0 10.1 9.5 11.1 12.2 13.4
Current smoker 7.8 8.5 5.7 4.7 53 4.9 7.9
College or higher education 9.7 114 [ 104 9.0 7.0 7.1
High perceived mental stress 36.8 30.7 24.6 19.2 16.7 16.6 19.4
2 or more depressive symptoms 17.1 10.1 7.4 7.0 7.8 10.6 19.1
Exercise > 5 W/wk 43 52 44 43 5.1 4.4 4.3
Walking > 1 h/day 504 49.7 51.7 51.9 52.0 53.0 44.6
Regular employment 325 33.7 34.8 34.1 31.6 294 31.1
Fresh fish intake, no./wk 6.0 6.7 6.9 7.1 7.3 7.2 72
Data are presented as percentage, except age, body mass index (BMI), ethanol intake, and fresh fish intake, which are presented as mean.

Men and women with short sleep duration were more likely
to have high perceived mental stress, whereas those with long
sleep duration were less educated.

Tables 2 show sex-specific, age-adjusted, and multivariable
hazard ratios of total stroke, stroke subtypes, coronary heart
disease, total cardiovascular disease, cancer, noncardiovascular
disease/noncancer, and all causes by sleep duration. Increased
risks of age-adjusted mortality from total and ischemic strokes
and total cardiovascular disease, cancer, noncardiovascular dis-
ease/noncancer, and all causes were observed among men and
women with 10 or more hours of sleep; compared with those
with 7 hours of sleep. These associations, except for mortal-
ity from cancer, were slightly weaker but remained statistically
significant after adjustment for cardiovascular risk factors and
depressive symptoms. The respective multivariable hazard ra-
tios (95% CI) of mortality from total and ischemic strokes, total
cardiovascular disease, noncardiovascular disease/noncancer,
and all causes for. long sleepers were 1.66:(1.31-2.08),.1.58
(1.19-2.12), 1.56 (1.33-1.83), 1.66 (1.44-1.91), and 1.41 (1.29-
1.54), respectively; for men, and.1.69 (1.29-2.20); 2.37 (1.70-
3.32),.1.54 (1.28-1.86), 1.99 (1.65-2.39), and-1.56 (1.40-1.75),
respectively; for women.

SLEEP,. Vol. 32; No. 3,-2009

There was an increased risk of mortality: from coronary
heart disease for women with 4 or fewer hours and 5 hours of
sleep, compared with those with 7 hours of sleep. The respec-
tive multivariable hazard ratios (95% CI) for those with 4 or
fewer hours and 5 hours of sleep were 2.32 (1.19-4.50) and 1.64
(1.07-2.53). Short sleep of 4 or fewer hours for men tended to
be associated with an increased risk of mortality from hemor-
rhagic stroke, although this association did not reach statistical
significance (hazard ratio = 2.15, 95% CI: 0.78-5.89, P=0.14).
When stratified by alcohol-consumption status, the multivari-
able hazard ratios of mortality from hemorrhagic stroke for
male shott sleepers ( <4 and 5 hours of sleep) were 2.03 (1.01-
4.08) for current drinkers and 1.33 (0.38-4.66) for exdrinkers or
never drinkers. After further adjustment for individual quantity
of alcohol consumption as a continuous: variable, the multivari-
able hazard ratio for male short sleepers was 1.92 (95% CI:
0.96-3.86, P = 0.07). Also, short sleep duration or 4 or fewer
hours was associated with increased risk of mortality from non-
cardiovascular disease/noncancer for both men and women; the
multivariable hazard ratios were.1.49 (1.02-2.18) for men and
1.47 (1.01-2:15) for women.

Sleep Duration and CVD and Other Causes—Ikehara et al

— 121 —



Table 2—Sex-Specific Hazard Ratios and 95% Confidence Intervals for Mortality from Cardiovascular Disease and Other Causes by Sleep
Duration
Steep duration (h/day)
<4 5 6 7 8 9 z10
Men
Person-years 2501 14176 69125 173026 204761 43152 18724
Total stroke

No. 10 28 10§ 244 413 126 H2
Age-adjusted HR (95%Cl) 1.62 (0.86-3.06)  0.95(0.64-1.40) 0.96(0.76-1.21) 1.00 1.15(0.98-1.35)  1.25(1.00-1.55) 1.90(1.51-2.38)
Multivariable HR (95%C1) 1.56 (0.82-2.94) 0.85(0.58-1.26) 0.95(0.76-1.20) 1.00 LIL(0.95-1.30)  1.14¢0.92-1.42) 1.66(1.31-2.08)

Hemorrhagic stroke

No. 4 i1 40 82 145 31 26
Age-adjusted IR (95%C1) 2.45(0.90-6.70)  1.29(0.69-2.43) 1.14(0.78-1.67) 1.00 1.300.99-1.71)  1.10(0.73-1.67)  1.73(1.10-2.70)
Multivariable HR (95%C1) 2,15(0.78-5.89) 1.20(0.64-2.26) 1.13(0.77-1.65) 1.00 1.27(0.97-1.66) 1.01(0.66-1.53) 1.56(0.99-2.45)

Ischemic stroke

No. 5 i5 50 143 235 8S 74
Age-adjusted IR (95%CI) 1.18 (0.48-2.87) 0.78(0.46-1.34) 0.75 (0.55-1.04) 1.00 1.07 (0.87-1.31)  1.29(0.98-1.69) 1.84(1.39-2.45)
Multivariable R (95%CT) 1.28 (0.52-3.15) 0.70(0.41-1.20)  0.76(0.55-1.04) 1.00 1.02(0.83-1.26)  1.18 (0.90-1.55) 1.58(1.19-2.12)

Coronary heart disease

No. I 17 53 140 206 54 37
Age-adjusted HR (95%ChH 0.31 (0.04-2.18)  1.05(0.64-1.75)  0.86 (0.63-1.18) 1.00 1.02(0.83-1.27)  0.99(0.72-1.35) 1.19(0.82-1.72)
Multivariable HR (95%CI) 0.29 (0.04-2.05) 1.02(0.62-1.70)  0.86 (0.63-1.19) 1.00 1.02(0.82-1.27)  0.96(0.70-1.31) 1.12(0.77-1.63)

Total cardiovascular disease

No. i6 70 248 548 913 274 228
Age-adjusted HR (95%CI) 1.17(0.71-1.92)  1.06(0.83-1.36) 1.01 (0.87-1.18) 1.00 1.14 (1.02-1.26)  1.22(1.05-1.41) 174 (1.48-2.03)
Multivariable 1R (95%C1) 1.11 (0.67-1.83)  0.99(0.77-1.27) 1.01(0.87-1.18) 1.00 LiL(1.00-1.24) 1.14(0.99-1.32) 1.56(1.33-1.83)

Cancer

No. 26 91 413 940 1361 385 216
Age-adjusted HR (95%C1) 1.31 (0.89-1.94)  090(0.72-1.12)  1.02 (0.91-1.14) 1.00 1.04 (0.96-1.13)  L.13(1.01-1.28)  1.17 (1.00-1.35)
Multivariable HR (95%C1) 1.24 (0.84-1.83)  0.90(0.72-1.12)  1.03 (0.92-1.16) 1.00 1.02 (0.94-1.11)  1.07(0.95-1.21)  1.10(0.94-1.27)

Noncardiovascular/noncancer

No. 28 104 359 660 1040 342 286
Age-adjusted HR (95%CI) 1.76 (1.20-2.57)  1.34(1.09-1.65) 1.23(1.08-1.39) 1.00 1.09(0.99-1.20) 1.30(1.14-1.48) 1.89(1.64-2.17)
Multivariable HR (95%CD 1.49 (1.02-2.18)  1.20(0.97-1.48)  1.20(1.06-1.37) 1.00 1.06(0.96-1.17)  1.20(1.05-1.37) 1.66 (1.44-1.91)

All causes

No. 70 265 1020 2148 3314 1001 730
Age-adjusted HR (95%C1) 1.42(1.12-1.80) 1.08(0.95-1.23) 1.08(1.00-1.16) 1.00 1.08 (1.02-1.14)  1.21 (1.12-1.30)  1.56 (1.43-1.69
Multivariable HR (95%Cl) 1.29(1.02-1.64)  1.02(0.90-1.16)  1.08 (1.00-1.16) 1.00 1.06(1.00-1.12)  1.13(1.05-1.22) 1.41(1.29-1.54)

Women
Person-years 5183 34039 151458 284289 217774 37576 14801
Total stroke

No. 12 46 125 228 339 96 80
Age-adjusted HR (95%C1) 1.15(0.64-2.05) 1.05(0.77-1.45) 0.95(0.76-1.18) 1.00 1.28 (1.08-1.51)  1.35(1.06-1.71)  1.87(1.44-2.43)
Multivariable HR (95%CI) 1.07 (0.59-1.91)  0.99(0.72-1.37)  0.93 (0.75-1.16) 1.00 1.24(1.05-1.47)  1.29(1.01-1.64) 1.69(1.29-2.20)

Hemorrhagic stroke

No. 3 19 54 115 142 33 13
Age-adjusted HR (95%CDH 0.74 (0.24-2.35)  1.01 (0.62-1.64) 0.84(0.61-1.17) 1.00 1.19(0.93-1.52) 1.16(0.78-1.71) 0.84 (0.47-1.50)
Multivariable HR (95%CT) 0.68 (0.22-2.15)  0.93(0.57-1.52) 0.82(0.60-1.14) 1.00 1.17(0.91-1.51) 1.16(0.78-1.72) 0.78 (0.43-1.40)

Ischemic stroke

No. 9 27 62 94 159 52 61
Age-adjusted HR (95%CI) 1.67(0.84-3.32) 131 (0.86-2.02) 1.10(0.80-1.51) 1.00 133 (1.03-1.72) 148 (1.05-2.09) 2.68 (1.92-3.73)
Multivariable HR (95%CI) 1.57(0.79-3.13)  1.26(0.82-1.94) 1.10(0.79-1.51) 1.00 1.29 (1.00-1.67) . 1.38(0.98-1.95) 2.37(1.70-3.32)

Corenary heart disease .

No. 10 28 60 83 127 45 20
Age-adjusted HR (95%C1} 2.40(1.24-4.64) 1.68(1.09-2.58) - 1.24(0.89-1.72) 1.00 1.27(0.96-1.67) ~1.61 (1.11-2.32) 1.16(0.70-1.90)
Multivariabie HR (95%CI) 2.32(1.19-4.50) . 1.64(1.07-2.53).  1.23(0.88-1.72) 1.00 1.24 (0.94-1.64). 1.52(1.05-2.19) 1.04(0.63-1.72)

Total cardiovascular disease .

No. 30 117 275 470 725 217 156
Age-adjusted HR (95%CI) 134 (0.93-1.95) 128 (1.04-1.56)  1L.01 (0.87-1.17) 100 E3V(1.16-1.47) - 143 (1.22-1.69)  1.70 (1.41-2.04)
Multivariable HR (95%Cly 1.28 (0.88-1.86) 1,22 (1.00-1.50) 1.00 (0.86-1.16) 1.00 128 (1.14-1.44)  1.37(1.17-1.62) 1.54 (1.28-1.86)

Cancer

No: 24 H3 333 672 638 156 97
Age-adjusted HR (95%C1) 1.16 (0.77-1.75). L10(0.90-1.34}. 0.90(0.79-1.03) 1.00 0.97 (0.87-1.08).  1.05 (0.88-1.25)- . 1.28 (1.03-1.59)
Multivariable IIR (95%CD) 1.14(0.76-1.72)  1.07(0.87-1.31) - 0.90(0.79-1.03) 1.00 0.95(0.85-1.06)  1.01 (0.85-1.21) - 1.20(0.97-1.50)

Noncardiovascilar/moncancer

No. 29 92 314 446 676 224 161
Age-adjusted R (95%Cl) 1.56 (1.07-2:.28) 1.15(0.91-1.43)  1.35(1.17-1.56) 1.00 1.35(1.20-1.52)  1.72(1.46-2.02)  2.16(1.79-2.60)
Multivariable HR (95%Cl 1.47 (1.01-2.15) + 1.07 (0.85-1.34) * 1.34(1.16-1.54) 1.00 1.33(1.18-1.50), " 1.65 (1.40-1.94) " 1.99(1.65-2.39)

All causes

No. 83 322 949 1588 2039 597 414
Age-adjusted HR (95%Cl) E34(1.08-1.67  L17(103-1.32) " 1.06(0.98-1.15) 1.00 LB (1L10-1.26)  1.37(1.25-1.51) .70 (1.52-1.90)
Multivariable IR (95%Cl) 1.28 (1.03-1.60) - 111 (0.98-1.25) - 1.05 (0.97-1.14) 1.00 FI6(LO8-1.24) - 1.32(1.20-1.45) - 1.56 (1.40-1.75)

Multivariable adjustment: age, body mass index (quintiles); history of hypertension, history of diabetes, alcohol consumption, smoking, education level, hours of exércise, hours of
walking, regular employmient, perceived mental stress, depressive symptoms and frequency of fresh fish intake. HR refers to hazard ratio; CI. confidence interval.

As: for total cardiovascular disease for women and noncar- tality, with a nadir at 7 hours of sleep. These associations were
diovascular disease and all causes for men and women, there  essentially unchanged when we excluded subjects whose events

was a U-shaped relationship between sleep duration and mor-  occurred within 5 years after baseline. Compared with women
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who slept for 7 hours, the multivariable hazard ratios (95%
CI) of mortality from total cardiovascular disease were 1.41
(0.94-2.12) for 4 hours or less, 1.24 (0.99-1.57) for 5 hours,
1.04 (0.88-1.23) for 6 hours, 1.29 (1.13-1.47) for 8 hours, 1.35
(1.12-1.62) for 9 hours, and 1.51 (1.21-1.87) for 10 hours or
longer. The respective multivariable hazard ratios of mortality
from noncardiovascular disease/noncancer were 1.65 (1.08-
2.52), 1.32(1.05-1.66), 1.26 (1.09-1.45), 1.08 (0.97-1.21), 1.19
(1.03-1.39) and 1.66 (1.40-1.95), respectively, for men, and
1.43 (0.94-2.18), 1.03 (0.80-1.33), 1.35 (1.16-1.58), 1.34 (1.18-
1.53), 1.58 (1.32-1.90), and 1.83 (1.48-2.26), respectively, for
women. Furthermore, the respective hazard ratios of mortality
from all causes were 1.27 (0.96-1.68), 1.06 0.91-1.22), 1.07
(0.98-1.17), 1.04 (0.98-1.11), 1.11 (1.01-1.21) and 1.37 (1.24-
1.52) for men, and 1.26 (0.98-1.62), 1.08 (0.95-1.24), 1.04
(0.95-1.14), 1.13 (1.05-1.22), 1.27 (1.14-1.42), and 1.46 (1.29-
1.67) for women.

DISCUSSION

In this large-scale prospective study of Japanese men and
women aged 40 to 79 years, we confirmed that, compared with
7 hours of sleep, short sleep duration of 4 hours or less was as-
sociated with a 2-fold increase in mortality from coronary heart
disease for women and a 1.5-fold increase in mortality from
noncardiovascular disease/noncancer and a 1.3-fold increase in
total mortality for both men and women, whereas long sleep
duration ( > 10 hours) was associated with a 1.5- to 2-fold
increase in mortality from total stroke, ischemic stroke, total
cardiovascular disease, noncardiovascular disease/noncancer
and all causes for both men and women. There was a robust U-
shaped relationship between sleep duration and mortality from
all causes, with a nadir at 7 hours of sleep in both sexes, which
extended the evidence of the earlier report,® based on the ap-
proximately 30% larger number of deaths.

To the best of our knowledge, ours is the first study to pro-
vide eviderice of thie association: of short sleep duration with
an increase in mortality from coronary heart disease for Asian
women: Previous studies of Americans or Europeans support our
findings: The Nurses® Health Study of 71,617 women aged 40
to 65 years reported that, compared with 8 hours of sleep, short
sleep: duration of 5 hours or less was associated with a 1.4-fold
increase in risk of coronary heart disease.? The MONICA/KORA
Augsburg Cohort Study of 3508 men and 3388 women aged 45
to-74 years showed that the risk of myocardial infarction was ap-
proximately-3 times higher for women with 5 or fewer hours of
sleep, compared with 8 hours of sleep, but such an increase in risk
was not observed for men.” We observed an increased mortality
from coronary heart disease associated with short sleep only: for
women; and the mortality among female short sleepers did not
differ significantly from that among male short sleepers. The haz-
ard ratio (95% CI) of coronary heart disease for short sleepers in
women versus' those in men was 4.60 (0.58-36.2): This finding
contrasts with the result that risk of mortality from cardiovascu-
lar disease, other causes, and all causes were approximately half
among women than among men. The age-adjusted hazard ratios
for women versus men were 0.56 (0.51-0.61) for total stroke,
0.46.(0.40-0.53) for coronary heart disease; 0.55.(0.51-0.58) for
total cardiovascular disease; 0.39:(0.37-0.41) for cancer,: 0.44

SLEEP. Vol. 32, No: 3, 2009

(0.42-0.47) for noncardiovascular disease/noncancer, and 0.45
(0.44-0.47) for all causes.

Short sleep of 4 or fewer hours was found to be associated
with increased risk of mortality from hemorrhagic stroke for
men, although this association was not statistically significant.
However, when stratified by alcohol consumption habits, an in-
creased risk of mortality from hemorrhagic stroke was observed
among male drinkers with 4 or fewer hours and 5 hours of sleep.
A cross-national study on sleep habits of approximately 35,000
men and women of 10 countries, including Japan,'® showed that
the prevalence of the use of alcohol as a sleep aid was the high-
est in Japan (30.3%). A recent cross-sectional survey conducted
in Japan!! also reported that the prevalence of alcohol consump-
tion as a sleep aid at least once a week was 48% for men aged
20 years or older. It is possible that the habit of using alcohol
as a sleep aid enhances the risk of mortality from hemorrhagic
stroke associated with short sleep duration,

There is some evidence that may explain why short sleep
duration is associated with an increase in mortality from cor-
onary heart disease and total cardiovascular disease. Previ-
ous studies showed that short-term sleep deprivation leads to
increased sympathetic nervous system activity,'>? elevated
blood pressure,'>'* elevated cortisol levels,’ impaired glucose
tolerance,” and increased inflammatory markers,”” which may
reflect and increase the risk of cardiovascular disease. Further-
more, recent epidemiologic studies have demonstrated that
short sleep duration is associated with higher levels of hemo-
globin A (l¢),' total cholesterol,'” and triglycerides,'” higher
blood pressure,” and increased incidence of hypertension.'
Short sleep was also associated with increased mortality from
noncardiovascular disease/noncancer for both men and women.
This finding suggests other mechanisms for increasing nonspe-
cific mortality, which need to be explored in further studies.

The association of long sleep: duration with higher risks of
mortality from total stroke, total cardiovascular disease, non-
cardiovascular: disease/noncancer, and-all causes observed in
our study was congistent: with the results of previous cohort
studies.!? A 10-year follow-up: of the National Health and Nu-
trition. Examination Survey I cohort comprising 7844 men and
women: aged 32 years and older showed a- 1.5-fold increase
in risk of stroke for persons with more than 8:-hours of sleep,
compared with those with 6 to 8 hours of sleep.! The Nurses’
Health Study of 82,969 women aged 40 to 65 years showed
that, compared with 7 hours of sleep, long sleep of 9 or more
hours was associated with a 1.6-fold increase in mortality from
cardiovascular. disease; a: 1.5-fold for noncardiovascular dis-
case/noncancer, and a 1.4-fold for all causes.’ Another report
from the Nurses’ Health Study of 71,617 women aged 40 to
65 years showed that, compared with-8 hours of sleep, long
sleep of 9 or more hours was associated with 1.4-fold increased
risk of coronary heart disease.? Although the mechanisms for
the association between long sleep duration and increased mor-
tality from cardiovascular disease and other causes were not
clear, long sleep duration may be an early sympton of disease
and may precede clinical diagnoses: However, the association
of long sleep duration with excess mortality from total cardio-
vascular disease, noncardiovascular disease/noncancer, and all
causes did not change substantially after exclusion of the sub-
jects whose events occurred within 5 years from baseline:
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The following limitations of our study need to be addressed.
First, we could not obtain information about the quality of sleep,
such as the presence or absence of sleep apnea, which is associ-
ated with increased risk of cardiovascular disease.!® A previous
cohort study of 1024 volunteers showed that short sleep duration
was associated with an increased body mass index along with a
reduction in leptin and elevated levels of ghrelin?® Since being
overweight is a strong risk factor for sleep apnea, this disorder
can be a confounder for the association between short sleep dura-
tion and increased risk of mortality from cardiovascular disease.
However, men and women with short sleep duration enrolled in
our study did not have a higher mean body mass index, and we did
not have a higher percentage of overweight subjects among short
sleepers than long sleepers, so that the potential confounding ef-
fect of sleep apnea may be minor. Second, data on sleep duration
were obtained by self-administrated questionnaire and, thus, may
include misclassification. However, self-assessed sleep duration
was shown in a previous study to yield valid results in compari-
son with quantitative sleep assessment with actigraphy.*! Another
study has suggested, however, that depressed mood is associated
with both underextimation and overestimation of habitual sleep
duration.” We therefore conducted a statistical analysis including
these psychological factors as covariates, which showed that the
association between sleep duration and coronary heart disease
remained substantially unchanged. Finally, we used the mortality
data, rather than incidence data, as endpoints, which may lead to
misclassification in the diagnosis of discuss outcomes, especially
stroke, stroke subtypes, and coronary heart disease. However, the
widespread use of computed tomography in local hospitals since
the 1980s has probably made the diagnosis of stroke and its sub-
types reported on the death certificates sufficiently accurate
For coronary heart disease, approximately one fourth to one third
of deaths attributed to ischemic heart disease on the death certifi-
cate were misdiagnosed; according to the validation studies.”*
Therefore,; the contamination of other cardiovascular diseases in
the diagnosis of coronary heart disease would probably underes-
timate the excess mortality from coronary heart disease for fe-
male short sleepers; and the real association may be stronger;

The strengths of our study are its prospective design and high
statistical power to detect sex-specific associations of short and
long sleep duration with cause-specific mortality, as well as
with total mortality.

In conclusion, short sleep duration was associated with' in-
creased mortality from coronary heart disease for women and
from' noncardiovascular disease/noncancer and all’ causes: for
both sexes, whereas long sleep duration was associated with
mmcreased mortality: from: stroke; total cardiovascular disease,
noncardiovascular- disease/noncancer, and all causes: for both
sexes; yielding a- U-shaped relationship: with total mortality,
with a nadir at 7 hours of sleep:
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Phenotypical variety of insulin resistance in a family with a
novel mutation of the insulin receptor gene
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Abstract. A novel mutation of insulin receptor gene (INSR gene) was identified in a three generation family with
phenotypical variety. Proband was a 12-year-old Japanese girl with type A insulin resistance. She showed diabetes mellitus
with severe acanthosis nigricans and hyperinsulinemia without obesity. Using direct sequencing, a heterozygous nonsense
mutation causing premature termination at amino acid 331 in the o subunit of INSR gene (R331X) was identified. Her
father, 40 years old, was not obese but showed impaired glucose tolerance. Her paternal grandmother, 66 years old, has
been suffered from diabetes mellitus for 15 years. Interestingly, they had the same mutation. One case of leprechaunism
bearing homozygous mutation at codon 331 was identified. These findings led to the hypothesis that R331X may contribute
to the variation of DM in the general population in Japan. An extensive search was done in 272 participants in a group
medical examination that included 92 healthy cases of normoglycemia and 180 cases already diagnosed type 2 DM or
detected hyperglycemia. The search, however, failed to detect any R331X mutation in this local population. In addition,
the proband showed low level C-peptide/insulin molar ratio, indicating that this ratio is considered to be a useful index for
identifying patients with genetic insulin resistance. In conclusion, a nonsense mutation causing premature termination
after amino acid 331 in the o subunit of the insulin receptor was identified in Japanese diabetes patients. Further
investigations are called for to address the molecular mechanism.

Key words: Insulin receptor, Insulin resistance, Type 2 diabetes, Leprechaunism, C-peptide/insulin molar ratio

THE INTERACTION of insulin with its cell surface
receptor is the first step in insulin action and the first
identified target of insulin resistance. Mutations in the
insulin receptor gene lead to the insulin resistance in
several syndromic forms. The human insulin recep-
tor is encoded by a single gene with 22 exons and is
an assembly of a disulfide bond-linked tetramer com-
posed of two o and two {3 subunits [1-5]. After bind-
ing of insulin to the extracellular o subunit, the ty-
rosine kinase of the membrane spanning B subunit is
activated and the receptor is autophosphorylated [6].
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Insulin receptor kinase regulates the action of insulin
on metabolism and growth through signal transduction
pathways and is therefore thought to be central to in-
sulin action [7].

Some dozens of mutations in the human insulin re-
ceptor gene have already been identified to date [8-11].
Homozygous or compound-heterozygous mutations
in the insulin receptor gene are found in patients with
syndromes of severe insulin resistance [12]. More se-
vere Donohue syndrome (“Leprechaunism” OMIM
246200) and the milder Rabson-Mendenhall syn-
drome (OMIM 262190) are characterized by intrauter-
ine and postnatal growth retardation, facial dysmor-
phism, lack of subcutaneous fat and altered glucose
homeostasis with hyperinsulinemia, acanthosis nigri-
cans and reduced life expectancy [13-15]. Cells from
most patients with Donohue syndrome show absent or
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severely reduced insulin binding, whereas those with
Rabson-Mendenhall retain some insulin binding ca-
pacity. Therefore, it has been proposed that severity
of the phenotype is determined by the degree of insu-
lin resistance and that residual insulin binding capac-
ity correlates with survival. Heterozygous mutations
in the insulin receptor gene have been demonstrated
in type A'insulin resistance with the triad of insulin re-
sistance, acanthosis nigricans, and hyperandrogenism
(OMIM147670) [16].

In this study, we identified a heterozygous muta-
tion causing premature termination at amino acid 331
substituting a termination codon for arginine in the L2
domain in o subunit of the insulin receptor gene in a
Japanese patient with diabetes mellitus and hyperinsu-
linemia. Interestingly, her family members shared the
same mutation but showed different clinical course.

Materials and Methods

Subjects

The proband, a girl of 12 years old, was referred to
our hospital because of glucosuria detected by school
urinary screening. She presented with mild symp-
toms of polydipsia and polyuria. She was born to un-
related Japanese parents at 37 weeks of gestation (birth
weight 2495 g, birth length 48 cm). At birth, she did
not have the dysmorphic features characteristic of lep-
rechaunism or Rabson-Mendenhall syndrome, includ-
ing intrauterine growth retardation, fasting hypogly-
cemia. Sensorineural hearing loss in right side was
diagnosed when she was infant, but.did not deteriorate.

At presentation, she was not obese, but showed se-
vere acanthosis nigricans with scratching scar of her
neck, It also mildly existed at the axilla-and elbow.
Hirsutism was not observed.: Body-mass index (BMI)
was 21.6'(height 148.6:cm, weight 47.7 kg). Blood
pressure was: 110/70 mmHg. - Pubertal stage was: B2
and PH1. Laboratory tests revealed the following;
HbAlc, 9.2 %; FPG, 124 mg/dL; IRI, 65.7 nU/mL;
C-peptide, 3.18 ng/mL; AST, 20 IU/L; ALT; 18:1U/L;
total cholesterol, 194 mg/dL; HDL cholesterol, 43.7
mg/dL; testosterone, 0.33 ng/mL.  Islet associated au-
toantibodies were absent. Urine testing showed no
ketonuria but proteinuria (microalbumin 64.4mg/g cr)
and glucosuria: - Ocular complication and retinopa-
thy was not detected. Abdominal CT revealed no fat-
ty liver and aréa of visceral fat on umbilical level was
41.8 cm® (normal: 60>). Although she showed diabe-

tes mellitus with severe insulin resistance, her data of
body composition was not suggested risk for obesity
or metabolic syndrome. Self monitored blood glucose
levels were 120-140 mg/dL at premeal time and 170-
200 mg/dL at postprandial time. Her father, 40 years
old, was healthy and no obesity (BMI 21.8) from a
clinical point of view at the time of investigation. Her
paternal grandmother, 66 years old, has been suffered
from diabetes mellitus. She was also not obese (BMI
21.6) and has been treated with sulfonylureas for 15-
years. She already developed retinopathy and present-
ed vitreous hemorrhage 10 years ago. Her younger
brother, seven years of age, had mild mental retarda-
tion and supported by special education. He showed
mild obesity but normal response to oral glucose tol-
erance test without hyperinsulinemia (FPG, 86 mg/dL;
IR1, 8.6 pU/mL; C-peptide, 1.53 ng/mL).

Measurements

The standard 75 g oral glucose tolerance test
(OGTT) was performed, after overnight fast. Levels
of glucose, insulin and C-peptide were measured at
0, 30, 60, 90 and 120 min. Insulin was measured us-
ing an enzyme immunoassay ( E test TOSOH 1I;
TOSOH Corporation, Tokyo, Japan). Cross-reactivity
with proinsulin was 2 %. C-peptide was measured
using a chemiluminescent enzyme immunoassay
(LUMIPULSE Presto C-peptide; FUJIIREBIO Inc.,
Tokyo, Japan). Proinsulin was measured using a
RIA2 antibody method (HUMAN-PROINSULIN RIA
KIT; Linco Research Inc., St. Charles, MO).

We calculated C-peptide/insulin molar ratio from
each molecular weight and international unit of insu-
lin i.e. 26 IU/mg. We estimated molecular weight of
insulin at 5800 and C-peptide at 3600.. Consequently,
I pU/mL of insulin is 6.09 pmol/L and 1 ng/mL of
C-peptide is 0.278 nmol/L.:

Sequence analysis

Informed consent was obtained from her family.
Genomic DNA was extracted from peripheral blood
Iymphocytes using a DNA isolation kit for mamma-
lian blood. - Exon 1-2 of the insulin gene and Exons
1-22-of the insulin receptor gene were individual-
ly amplified using primer sets as described [17; 18].
PCR products were purified for direct sequence. anal-
ysis on an ABI gene analyzer 310 or 3100 system ac-
cording to: the manufacturer’s instructions (Applied
Biosystems).
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Analysis for prevalence of R331X mutant in
population

We tested the frequency of R331X in type 2 DM or
by chance hyperglycemia in adult people, living in the
Akita prefecture located in northern Japan., We stud-
ied 272 participants of a group medical examination,
comprised 92 healthy cases checked normoglycemia
and 180 cases already diagnosed type 2 DM or detect-
ed hyperglycemia. These included 47 cases with fam-
ily history of DM and 14 cases diagnosed before third
decade. All participants gave informed consent, and
the Ethics Committee of Kyoto University School of
Medicine approved the study.

Genotyping of R331X was assayed with PCR re-
striction fragment length polymorphism. PCR re-
actions were conducted in a reaction volume of
7.5 uL with 20 ng genomic DNA, 2x GC buf-
fer, 200 uM dNTPs, 10 pmol of each prim-
er and 1 unit of LA Taq polymerase (Takara,
Tokyo, Japan). The PCR primers used were 5'-
AGATGTCTGAAGGACCTTGGA-3' as a forward
primer and 5-ACAGCTCAGAGGGACATGGA-3' as
a reverse primer. PCR was performed with 39 cycles
of the following 94°C for 45 s, 54°C for 45 s and 74°C
for 1 min in a thermocycler. Obtained PCR products
showed a single fragment at 285 bp. Six pL of 285-bp
product were then digested with 2 units of BspCNI re-
striction enzyme at 25 °C for 2 h. Digestion products
were visualized on a 3 % agarose gel. - Wild-type al-
lele produced double band at 269 and 16 bp and mu-
tant allele produced three bands at'165, 104 and 16 bp.

Results

An OGTT revealed a diabetic pattern with hyper-
insulinemia (Table 1).- The homeostasis model as-
sessment of insulin resistance (HOMA-IR), an index
of insulin resistance, was 20.1. The C-peptide/insu-
lin molar ratio was extremely low.: The fasting and
120 min levels were 2:21 and 1.57, respectively (nor-
mal level of fasting is 4.0<).An insulin tolerance
test (0.1U/kg insulin i.v.) showed insulin resistance
with only 37 % reduction in plasma glucose levels.
Metformin was started from 250 mg/day and increased
up to 500 mg/day.. HbAlc levels improved to:-5-6 %
six months:later. “At that point in time; her fasting pro-
insulin level'was 71.7 pmol/L when the IRI level was
49.1 pg/mL. Proinsulin/insulin: molar ratio was 0.24
(normal 0.1-0.2). Her insulin levels were still high;

Table 1. C-peptide/insulin molar ratio in family members

Patient
OGTT (1) on admission
Time (min) 0 30 60 90 120
PG (mg/dL) 124 224 263 280 262
IRI (nU/mL) 657 1148 1915 279.1 290.1
CPR (ng/mL) 318 462 1701 980 10.00
CPR/IRI molar ratio 2.21 1.84 1.67 1.60 1.57
OGTT (2) 2 weeks after admission
Time (min) 0 30 60 90 120
PG (mg/dL) 85 190 224 220 202
IRI (WU/mL) 527 1369 1874 2392 3136
CPR (ng/mlL) 268 580 800 899 1050
CPR/IRI molar ratio 2.32 1.93 1.95 1.72 1.53
Father
OGTT
Time (min) 0 30 60 90 120
PG (mg/dL) 88 169 256 214 172
IRI (uU/mL) 10.1 37.0 1005 108.1 1105
CPR (ng/mL) 124 314 696 8.05 8.22
CPR/IRI molar ratio 560 387 316 340 340

Grandmother

Fasting time

PG (mg/dL) 146

IR (uU/mL) 30.1
CPR (ng/mL) 2.51
CPR/IRI molar ratio 3.84

however, the acanthosis nigricans had disappeared af-
ter:she had regained diabetic control.

Her clinical course suggested two genetic diseas-
es of glucose metabolism:. One was. the insulin gene
mutation; as characterized by a low-level C-peptide/
insulin molar ratio, and sometimes presents as type 2
DM:" The other was the insulin receptor gene muta-
tion, which clinically demonstrated type A insulin re-
sistance.

A sequencing analysis of the 22 exons as well as the
intron-exon junctions identified a heterozygous muta-
tion at nucleotide position 1072 substituting a termi-
nation codon for arginine 331, a conserved amino acid
in the insulin-like growth factor I receptor and insulin
receptor-related receptor, in the putative receptor L2
domain of the patient’s insulin receptor (Fig. 1) [19].
No other mutations were found in any of the insulin
receptor genes analyzed in this study.

Her father and grandmother'also-had the same
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Fig. 1. Partial nucleotide sequence of the insulin receptor gene in the patient. Sequence from the patient is shown in comparison with
that from the control. The patient is heterozygous for a mutation at the nucleotide position 1072, converting Arg 331(CGA) to
a termination codon (TGA). An arrow indicates the position of mutation.

heterozygous mutation (data not shown). The fast-
ing C-peptide/insulin molar ratio of her grandmoth-
er was relatively low under the treatment of sulfo-
nylureas (3.84, IRI; 30.1 pU/mL, CPR 2.51 ng/mL).
The HbAlc level of her father was 4.7 %, but OGTT
showed impaired glucose tolerance (Tablel). Although
the fasting insulin level was 10.1 pU/mL, it increased
up to 100 pU/mL in 60 -120 min. The C-peptide/in-
sulin molar ratio was 5.60 in fasting and 3.40 in 120
min. They showed milder insulin resistance in com-
parison to the proband. The heterozygous mutation
seemed to significantly affect the insulin resistance of
the three subjects, even if no typical skin lesions were
observed in either the father or grandmother.

One unrelated case of leprechaunism with R331X
homozygous mutation was identified in Tokyo, Japan.
The patient was born to unrelated parents at 39 weeks
of gestation with a birth weight of 1743 g. She
showed an extreme degree of insulin resistance (FPG,
200 mg/dL<; IRI 10,000 pU/mL<). She thereafter
started to receive subcutaneous injections of recombi-
nant human IGF-I. After treatment, her glucose meta-
bolic abnormality was improved.  Informed consent
was obtained: from her parents for sequence analysis.
Her parents had R331X heterozygous mutation.. They
did not demonstrate any symptoms of diabetes mel-
litus. . Information on the glucose tolerance including
OGTT was unavailable.

These findings led to the hypothesis that insulin re-
ceptor genetic variants contribute to the variation of
DM in the general population in Japan. An extensive
search was done in 272 participants in a group. medi-
cal examination that included 92 healthy cases of nor-
moglycemia and 180 cases already diagnosed as type

2 DM or detected hyperglycemia. The search, how-
ever, failed to detect any R331X mutation in this local
population.

Discussion

Type A insulin resistance was initially character-
ized in young female patients with acanthosis nigri-
cans, ovarian hyperandrogenism and virilization [20].
Over 30 mutations have so far been described in these
patients, which are mainly clustered in the tyrosine ki-
nase domain of the insulin receptor [21, 22].

A nonsense mutation was identified in one allele of
a patient substituting the termination codon (TGA) for
the CGA codon normally encoding Arg™' located in a
putative. L2 domain, which is a single stranded right-
hand beta-helix and is suggested to make up the bilob-
al ligand binding site [23]. The nonsense mutation at
codon 331 truncated the C-terminal half of the receptor
o, subunit as well as the entire B subunit including the
transmembrane anchor and the tyrosine kinase domain.
Therefore, it is unlikely that this truncated receptor,
translated from the mutant allele, would be either func-
tional or located on the cell surface. In fact, extreme
insulin resistance was observed in a female: lepre-
chaunism patient with- homozygous R331X alleles.

Hyperinsulinemia is usually considered to be the
result of resistance to the physiological effects. of in-
sulin and consequent compensatory increased insu-
lin secretion. . Recently, the C-peptide/insulin ratio. is
widely used as a surrogate of hepatic insulin clear-
ance for the evaluation in type 2 DM or glucose intol-
erance [24; 25]. This index, should clarify. whether
impaired hepatic insulin clearance or increased insu-
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lin secretion has a dominant effect on such patients.
Insulin and C-peptide are secreted into the portal vein
in a 1:1 molar ratio after B-cell stimulation by carbo-
hydrate or other secretagogues. A large fraction of
endogenous insulin is cleared by the liver, whereas
C-peptide, which is cleared primarily by the kidney
and has a lower metabolic clearance rate than insulin,
and traverses the liver with essentially no extraction
by hepatocytes [26, 27]. Diminished insulin clearance
has been demonstrated to be an important underlying
mechanism for the hyperinsulinemia found in various
insulin-resistant conditions [28-30]. For example, to
evaluate hyperinsulinemia in African Americans, at
risk for type 2 DM, several studies used C-peptide/in-
sulin molar ratio as an index of hepatic insulin clear-
ance. African American children and adults showed
lower C-peptide/insulin ratio than White Americans,
thus suggesting that high insulin levels could be partly
attributed to lower clearance [31, 32].

Therefore, the use of the C-peptide/insulin molar
ratio reflects of hepatic insulin clearance [33]. A low
C-peptide/insulin molar ratio of our patients suggests
impaired hepatic insulin clearance because of, not
only DM, but also abnormal insulin receptor expres-
sion in the liver. To this day, a low C-peptide/insulin
molar ratio has not been substantially observed among
individuals with type A insulin resistance: Two fami-
ly cases with an insulin receptor gene mutation report-
ed the presence of a low C-peptide/insulin molar ratio
[34, 35]. They showed hyperinsulinemic hypoglyce-
mia, severe insulin resistance and the C-peptide/insu-
lin miolar ratio ranged from 1.1 to 3.8.

As well as this reported cases, the molar ratio of
the proband of our family was very low similar to
that observed in subjects with insulin gene mutation.
Previously, low C-peptide/insulin ratio was well re-
ported to be a clinical feature of mutations in the hu-
man insulin gene causing either familial hyperinsu-
linemia or familial hyperproinsulinemia.” The elevated
circulating TRT' consisted ‘mainly of the unprocessed
mutated proinsulin, which had accumulated because
of proinsulin’s relatively low clearance compared with
insulin;” In these subjects, proinsulin levels were tends
to be extremely high, namely over three hundred pmol/
L [36, 37]. Due to dramatic improvements in the assay
techniques of IRI, cross-reactivity with proinsulin is
normally seen at very low levels.  Consequently, there
have been no new reports regarding hyperproinsuline-
mia with insulin gene mutations for the last decade.

Recently, the fasting proinsulin/insulin ratio is
used as a marker of B-cell dysfunction. In peripheral
blood, fasting proinsulin accounts for 10-20% of in-
sulin but it may reach values as high as 50 % in type
2 DM. Taura ef al. evaluated the basal and dynam-
ic proinsulin-insulin relationship to assess the B-cell
function during OGTT in type 2 DM [38]. The proin-
sulin/insulin molar ratio was higher in type 2 DM (0.39
&plusmn; 0.05) subjects than normal (0.14 &plusmn;
0.01) and impaired glucose-tolerant (0.13 &plusmn;
0.02) subjects. In comparison to this study, the fasting
proinsulin/insulin ratio of the proband, 0.20 was slight-
ly higher than normal. It is difficult to consider that
her low C-peptide/insulin molar ratio is derived from
structural abnormalities in the proinsulin molecule.

We calculated the C-peptide/insulin molar ratio of
several previous cases with insulin receptor gene mu-
tation from data measured simultaneously. Severe
cases, Rabson-Mendenhall syndrome or Donohue’s
syndrome, showed very low level (0.69 to 1.83) [14,
39-41]. Milder cases, type A insulin resistance or DM,
also showed relatively low molar ratio (1.47 to 4.26)
[35,42]. However, most previous case reports only
recorded the IRI data, more investigations are needed
to discuss these clinical characteristics.

Interestingly, the patient’s father did not show
hyperinsulinemia while demonstrating a normal
C-peptide/insulin molar ratio after fasting. However,
after oral glucose ingestion, the insulin level increased
100.5 pU/mL at 60 min and the molar ratio gradually
decreased from 5.60 to 3.40. Meier et al. studied the
C-peptide/insulin molar ratio as calculated at singular
time points after oral glucose administration in non-
diabetic subjects [37]. They reported that the molar
ratio decreased to half level at 30 minutes and then it
gradually increased up to the initial level through 120
min. In contrast to their data; the proband and her fa-
ther showed a gradually decreasing pattern from 0 to
120  minutes. - Receptor-mediated insulin endocyto-
sis and degradation in hepatocyte underlie the basic
mechanism of insulin clearance. Insulin is targeted for
degradation after internalization; whereas the recep-
tor recycles back to the cell surface [43]. CEACAMI,
a transmembrane glycoprotein, plays a significant role
in receptor-mediated: insulin endocytosis [44]. In vit-
ro studies suggest that upon its phosphorylation by the
insulin receptor kinase, CEACAMI binds indirectly
to the receptor to undergo internialization in clathrin-
coated vesicles as part of endocytosis complex [45].
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CEACAM1 is considered to interact with two sepa-
rate domains of the insulin receptor: a C-terminal for
its phosphorylation, and cytoplasmic juxtamembrane
domain required for internalization [46]. R331X mu-
tant defects these important domains for endocytosis
of insulin-insulin receptor complex. A reduction of
endocytosis may also affect recycle of insulin receptor
and may cause prolonged low hepatic extraction after
glucose oral load observed in subjects having R331X
mutation. Although her father showed normal data in
fasting period, the oral glucose test may be a supple-
mentary means for evaluating of insulin receptor mu-
tant subjects.

As stated above, C-peptide is believed to be a better
index of the pancreatic -cell function than insulin be-
cause C-peptide levels are unaffected by hepatic clear-
ance. When comparing the father’s C-peptide levels
of OGTT with proband, only a slight difference was
observed. This result indicates that the insulin secret-
ing function of B-cell is not substantially different and
the cause of hyperinsulinemia in the proband is domi-
nantly affected by impaired hepatic insulin clearance.
The evaluation of the C-peptide/insulin molar ratio is
thus considered to be a useful index for identifying ge-
netic insulin resistance patients. On the other hand, a
mild phenotype such as that observed in her father may
not be effectively evaluated by the fasting data alone.

Unrelated Japanese patients with another mutation
of the insulin receptor gene have been previously re-
ported. They showed different phenotypes: one was
detected as a heterozygous mutation in type A insu-
lin resistance, while the other was detected as a com-
pound heterozygous mutation in leprechaunism, thus
indicating that the severity of such mutations will
determine the phenotype [47]. The phenotype of
heterozygous R331X differed substantially among the
current family members. - Although the proband and
her grandmother showed diabetes mellitus with insu-
lin resistance, the difference in the age of onset was
around forty years. In addition, her father did not

show insulin resistance after fasting. The reason for
this difference may be conditioned by heredity and
environment. The lifestyle for children has changed
over the last few decades in Japan. The proband of-
ten consumed high caloric foods before detecting glu-
cosuria. Numerous genetic factors related to diabetes
mellitus have also been investigated. The insulin re-
ceptor pathway plays an important role in the glucose
metabolism. The phenotype of a homozygous muta-
tion, leprechaunism, revealed this important function
in humans. However, a heterozygous mutation includ-
ing Type A insulin resistance shows a mild phenotype.
Variance in the current family case suggests that vari-
ous genetic factors may therefore have played a role in
their glucose metabolism. Contrary to expectations,
the hypothesis that R331X determines the phenotype
for glucose tolerance in Japanese people was ruled
out. In addition, the influence of other reported muta-
tions was unclear.

In conclusion, a nonsense mutation causing pre-
mature termination after amino acid 331 in the o sub-
unit of the insulin receptor was identified in Japanese
diabetes patients. The phenotype of R331X showed
variety, and therefore further investigations, includ-
ing determination of the mRNA level as well as li-
gand binding and receptor autophosphorylation, are
thus called for to address the molecular mechanism
by which this mutation leads to the occurrence of dia-
betes, as was observed in the current patient. In addi-
tion, the C-peptide/insulin molar ratio is considered to
be a useful index for identifying genetic insulin resis-
tance patients.
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1. Introduction 1(GLP-1) is at least partly responsible for the hyperinsulinemic
hypoglycemia developing after gastric surgery.
Hypoglycemia following gastric surgery has been reported. Alpha-glucosidase inhibitors (AGIs) limit the metabolism of
Dumping syndrome after gastrectomy was described by Mix in disaccharide to monosaccharide and have been developed for
1922 [1}, and nesidioblastosis and insulinoma were described treating diabetic patients in the clinical setting. It has been
by Service et al. in 2005 [2]. Over-secretion of gut hormones, reported that administration of AGIs could effectively control
gastric inhibitory polypeptide (GIP) and glucagon-like peptide- dumping syndrome [3]. Subsequent studies revealed that AGIs
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0168-8227/$ ~ see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.
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suppress GIP secretion but increase GLP-1 secretion in type 2
diabetic patients [4]. However, to our knowledge, effects of
AGIs on GIP and GLP-1 levels in patients following total
gastrectomy have not been examined.

In this paper, we have presented a patient, who suffered
from insulinoma after total gastrectomy. She showed marked-
ly elevated levels of both GIP and GLP-1 which could be
suppressed with an AGL

2, Case report

A 61-year-old woman was admitted to our hospital because of
fasting hypoglycemia. She underwent total gastrectomy 10
years ago due to gastric cancer. She had developed postpran-
dial hypoglycemia thereafter and had been treated as
dumping syndrome. Her symptoms of hypoglycemia had
been improved by an administration of prednisolone [5].
Prednisolone could be gradually decreased and she was doing
well without steroid. However, 3 years after steroid withdraw-
al, she experienced early morning unconsciousness that was
improved after taking sugar.
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Serum insulin (IRl) level was 3.7 pU/ml and serum C-
peptide (CPR) level was 1.0 ng/ml when her plasma glucose
level (PG) was 34 mg/dl. Tuner index (IRl x 100/PG-30) [6] was
92.5, which suggested that she had insulinoma. However,
none of computerized tomography, ultrasonography and
magnetic resonance imaging demonstrated pancreatic
tumors. Therefore, arterial stimulation and venous sampling
(ASVS) study was carried out. After injecting calcium gluco-
nate (0.025 mEquiv./kg) into each of the superior mesenteric,
common hepatic, gastroduodenal and splenic arteries, blood
samples were collected from the right hepatic vein at 30, 60,
and 120 s after injection. A remarkable increase of IRI levels
was observed following the stimulation of proximal splenic
artery. Although none of imaging examinations could reveal a
responsible lesion, the ASVS study strongly implied an
existence of insulinoma in the body of the pancreas, and
therefore she underwent surgery. Intraoperative ultrasono-
graphic examination revealed a 6-mm hypoechoic nodule in
the body of the pancreas. Although this small nodule seemed
to be a responsible lesion, we performed distal pancreatecto-
my including this nodule because we could not still rule out a
possibility of nesidioblastosis. Histological examination
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Fig. 1 ~ Plasma glucose, insulin, GIP, active and total GLP-1 levels after mixed meal test. The patient was ingested a mixed
meal before (solid line) and after (broken line) administration of miglitol.
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showed a solitary insulinoma and the symptom of hypogly-
cemia has disappeared thereafter.

After surgery, we measured plasma total GIP and GLP-1
(active and total forms) levels as well as PG and IRI levels, at 0,
30, 60, 120, 180 min after ingestion of a mixed meal (JANEF
E460F18 56.5 g of carbohydrates, 18 g of protein, 18 g of fat, Q.P.
Corporation, Tokyo, Japan). The patient showed markedly
elevated secretion of GIP (peak at 30 min, 158 pM) and GLP-1
(peak at 60 min, active 31.3pM, total 263 pM). We next
examined the effects of miglitol, an alpha-glucosidase inhibi-
tor. Following administration of miglitol three times a day for
14 days, peak levels of both GIP and GLP-1 were decreased (GIP,
77.6 pM; active GLP-1, 14.7 pM; total GLP-1, 148 pM) (Fig. 1).

3. Discussion

Adult hyperinsulinaemic hypoglycemia is usually caused by
insulinoma. PG/IRI ratio was 49.1, IRI/PG ratio was 0.02 and
Tuner index was 3.8 when she was diagnosed as dumping
syndrome [5]. This time, PG/IRI ratio was decreased and both
IRI/PG ratio and Turner index were increased, indicating that
hyperinsulinemic hypoglycemia had developed for 10 years.
The relationship between gastrectomy and either insulinoma
or nesidioblastosis was not clear at present, but basic studies
demonstrated that both GIP and GLP-1 stimulate cell prolifer-
ation and inhibit apoptosis of pancreatic beta cells [7-9].
Clinical studies showed that both GIP and GLP-1 are increased
after gastric surgery [10-12}. In addition, it was reported that
secretion of GIP and GLP-1 is exaggerated in patients with
dumping syndrome [13]. These studies suggested that GIP and
GLP-1 are at least partly responsible for the development of
insulinoma, nesidioblastosis, or late dumping syndrome and
that suppression of GIP and GLP-1 levels might be important
for preventing these states after gastric bypass surgery.

We reported that administration of miglitol to type 2
diabetic patients suppressed postprandial GIP levels and
increased postprandial GLP-1 levels [4]. Miglitol restrains
glucose absorption in the upper portion of intestine, and the
amount of glucose that passes through the lower portion of
intestine is increased. Therefore, L cells that exist a lot in the
lower portion of intestine could be stimulated to secrete more
GLP-1. However, in our patient who underwent total gastrec-
tomy with reconstruction by Roux-en-Y, peak levels of not
only GIP but also GLP-1 were suppressed after administration
of miglitol. A possible explanation to this discrepancy would
be rapid passages of miglitol to the lower portion of intenstine
without gastric retension. This might enable miglitol to be
effective in the lower portion of intestine as well and resulted
in the limited secretion of postprandial GLP-1. On the other
hand, K cells that secrete GIP exist in the upper portion of
intestine. Therefore postprandial GIP secretion is decreased
either in the patient who underwent gastrectomy or not.
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ABSTRACT

Superoxide excess plays a central role in tissue damage that results from diabetes, but the
mechanisms of superoxide overproduction in diabetic nephropathy (DN) are incompletely under-
stood. In the present study, we investigated the enzyme superoxide dismutase (SOD), a major
defender against superoxide, in the kidneys during the development of murine DN. We assessed
SOD activity and the expression of SOD isoforms in the kidneys of two diabetic mouse models
(C57BL/6-Akita and KK/Ta-Akita) that exhibit comparable levels of hyperglycemia but different
susceptibility to DN. We observed down-regulation of cytosolic CuZn-SOD (SOD1) and extracellular
CuZn-SOD (SOD3), but not mitochondrial Mn-SOD (SOD2), in the kidney of KK/Ta-Akita mice which
exhibit progressive DN. In contrast, we did not detect a change in renal SOD expression in
DN-resistant C57BL/6-Akita mice. Consistent with these findings, there was a significant reduction
in total SOD activity in the kidney of KK/Ta-Akita mice compared with C57BL/6-Akita mice. Finally,
treatment of KK/Ta-Akita mice with a SOD mimetic, tempol, ameliorated the nephropathic changes
in KK/Ta-Akita mice without altering the level of hyperglycemia. Collectively, these results indicate
that down-regulation of renal SOD1 and SOD3 may play a key role in the pathogenesis of DN.

J Am Soc Nephrol 20: 13031313, 2009. doi: 10.1681/ASN.2008080844

Diabetic nephropathy (DN) is the leading cause of  glucose flux increases the production of superoxide
end-stage renal disease. Although hyperglycemiais  anion (0,®™) by mitochondrial electron-transport

clearly a prerequisite for the development of DN,
alone it is insufficienit for its development, Epide-
miologic studies démonstrate only 10% to 40% of
all diabetic patients get DN, despite comparable lev-
els of glucose control'in those subjects developing
DN versus spared. In addition, sibling studies show
a strong familial component for the risk of develop-
ing persistent proteinuria, suggesting a genetic basis
for DN risk.}2 However; the molecular or cellular
mechanisms coupled with the genetic susceptibility
to DN are incompletely understood.

There is compelling evidence that superoxide
excess induced by diabetic hyperglycemia plays a
central role in diabetic vascular cell damage.> High

J Am Soc Nephrol 20: 1303-1313, 2009

chain, and the overproduced superoxide enhances
the major pathways of hyperglycemic vascular cell
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damage, including protein kinase C, advanced glycation end
(AGE) products, and hexosamine pathways. In addition, su-
peroxide is produced by multiple pathogenic pathways of dia-
betes. These include increased nicotinamide adenine dinucle-
otide phosphate [NAD(P)H] oxidase activity, uncoupled
endothelial nitric oxide synthase (eNOS), and enhanced sig-
naling of AGEs, angiotensin II, and oxidized-LDL receptors.®
Excessive production of superoxide anion results in the forma-
tion of secondary reactive oxygen species (ROS) including per-
oxynitrite and hydroxyl radicals, leading the damage of DNA,
proteins, and lipids, and causes vascular cell injury.¢ Thus, su-
peroxide overproduction is considered as a major pathogenic
pathway in diabetic vascular complication.

A net accumulation of superoxide anion is determined by a
balance between superoxide production and antioxidant ca-
pacity. In this context, antioxidant defense system could play a
critical role in diabetic vascular damage. Superoxide dismutase
(SOD) is the major antioxidant enzyme for superoxide re-
moval, which converts superoxide into hydrogen peroxide
(H,0,) and molecular oxygen.” The hydrogen peroxide is
further detoxified to water (H,O) by catalase or glutathione
peroxidase.®® In mammals, three SOD isoforms exist: cyto-
plasmic CuZnSOD (SOD1), mitochondrial MnSOD (SOD2),
and extracellular CuZnSOD (SOD3, ecSOD).®1¢ Each SOD
isoform is derived from distinct genes but catalyzes the same
reaction, producing H,0, from 0,®7.10 There is substantial
evidence that SOD activity in peripheral blood cells is reduced
in the diabetic patients with DN as compared with those with-
out diabetic complication.!'- In addition, recent studies have
implicated SOD (SOD1 and SOD2) gene polymorphism in
human DN risk.!5-17 Furthermore, it was shown that the trans-
genic mice with SOD (SOD1 or SOD2) gene are resistant to
diabetes-induced vascular injuries, including. nephropa-
thy.#1819 In aggregate, these findings suggest a pivotal role of
SOD enzyme in the pathogenesis of DN. However, the changes
in renal SOD enzymes in DN and their significance are poorly
described.

Recent studies of streptozotocin (STZ)-induced diabetic
mice have shown that genetic factors significantly affect the
development and the severity of DN in mice as well as in hu-
man.2° Among the inbred strains of mice, KK/HIJ and DBA/2
strains have been identified as DN-prone strains, whereas the
widely used C57BL/6 strain is relatively resistant to DN.2!
Compared with the STZ model, spontaneously diabetic mice
offer a unique opportunity to assess the pathogenic pathways
in DN without the potential nonspecific tissue toxicity of STZ.
Ins2%" mouse (Akita mouse) is‘a well-studied nonobese hy-
poinsulinemic diabetic mouse.222> This diabetic strain has a
mutation in cysteine 96 to tyrosin in the insulin 2 gene (Akita
mutation) and exhibits marked hyperglycemia as early as 4 wk
of age.23 However, Akita mouse does not develop overt DN due
to C57BL/6 background.* To investigate renal alteration of
SOD enzyme in advanced DN without the nonspecific tissue
toxicity of STZ, we here generated a new congenic strain of the
Akita mutation that exhibits progressive DN by backcrossing
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C57BL/6-strain Akita mouse (C57BL/6-Akita) to the nephrop-
athy prone KK/Ta strain mouse.?> Our data demonstrate that
renal expression of SOD1 and SOD3, but not SOD2, is prom-
inently down-regulated in KK/Ta-strain Akita mouse (KK/Ta-
Akita), which exhibits progressive DN, whereas renal SOD ex-
pression was not altered in the DN-resistant C57BL/6-Akita
mouse. Furthermore, the present study demonstrates that
treatment with tempol, a SOD mimetic, remarkably amelio-
rates the nephropathic changes in KK/Ta-Akita mice. Taken
together, these results suggest that downregulation of renal
SOD1 and SOD3 may play a key role in the pathogenesis of
DN.

RESULTS

Development of the KK/Ta-Akita Mouse

To investigate the alterations of renal SOD enzyme in ad-
vanced DN, first we backcrossed C57BL/6-Akita mouse to
KK/Ta strain,?® a DN-prone strain mouse, for 10 generations
and developed an Akita mouse strain that accompanies pro-
gressive DN. The male mice were characterized and used for
the study. As shown in Figure 1, A and B, KK/Ta-Akita males
developed hyperglycemia (>300 mg/dl) at around 5 wk of age
as did C57BL/6-Akita males, and both strains exhibited mark-
edly elevated blood glucose and HbA, levels after 10 wk of age.
KK/Ta-Akita and C57BL/6-Akita mice showed comparable
blood glucose levels, and there was no difference in the severity
of hyperglycemia between these two groups of mice. KK/Ta
and C57BL/6 wildtype (WT) mice exhibited normal blood glu-
cose levels during the study period, although KK/Ta-WT mice
showed higher blood glucose levels than C57BL/6-WT mice at
20 wk of age. As shown in Figure 1C, both KK/Ta-Akita and
C57BL/6-Akita mice exhibited significantly lower body weight
as compared with nondiabetic WT mice, and an increase in
body weight was not observed in these mice after 10 wk of age.
No difference was observed in body weight between C57BL/6-
Akita and KK/Ta-Akita males. Table 1 shows systolic BP and
blood parameters for each group of mice. KK/Ta-Akita mice
showed increases in systolic BP, total cholesterol, triglyceride,
blood urea nitrogen (BUN), and creatinine as compared with
KK/Ta-WT mice. Significant differericés were not observed in
these parameters between C57BL/6-WT and C57BL/6-Akita
mice, although C57BL/6-Akita mice showed higher level of
systolic BP. KK/Ta-WT mice showed higher BP and plasma
triglyceride levels than C57BL/6-WT mice.

Renal Phenotype in KK/Ta-Akita and C57BL/6-Akita
Mice

Renal changes in KK/Ta-Akita and C57BL/6-Akita males were
assessed by the measurements of urine albumin excretion,
FITC-inulin clearance to. estimate GFR,  kidney-to-body
weight ratio, and renal histopathology. Compared with KK/
Ta-WT males, KK/Ta-Akita males. showed significantly in-
creased urine albumin excretion as early as 5 wk of age, and
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