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ABSTRACT

Objective To assess the association between low serum
creatinine levels and an increased risk of type 2 diabetes
mellitus and dysglycemia.

Research design and methods We conducted a
retrospective cohort study of 3313 Japanese male workers
aged 30-55 years, who underwent annual health check-
ups during 2001-2008 and showed no type 2 diabetes
mellitus, and underwent follow-up examinations until
March 2013. Dysglycemia was defined as a fasting plasma
glucose concentration of >110 mg/dL (6.1 mmol/L), or a
non-fasting plasma glucose concentration of >140 mg/

dL (7.8 mmol/L). A Cox proportional model was used to
calculate HRs and 95% Cls for developing type 2 diabetes
mellitus or dysglycemia.

Results During the median 6.7-year follow-up, there
were 207 cases of incident type 2 diabetes mellitus and
596 cases of incident dysglycemia, including 115 cases of
type 2 diabetes mellitus among the subjects with normal
glucose concentrations at baseline. After adjustment for
age, body mass index and known diabetes risk factors, the
multivariable HR of type 2 diabetes mellitus for the lowest
category of serum creatinine (<0.7 mg/dL) vs the highest
category (0.9-1.1mg/dL) was 1.9 (95% Cl 1.2 t0 2.9; P
for trend 0.03). The multivariable HRs of dysglycemia for
the lowest category of serum creatinine versus the highest
category was 1.5 (95% ClI 1.1 to 1.9; P for trend 0.01).
Conclusions Low serum creatinine levels were
associated with an increased risk of type 2 diabetes
mellitus and dysglycemia.

INTRODUCTION

Type 2 diabetes mellitus is one of the leading
causes of preventable death in the world, with
stroke, myocardial infarction and other cardi-
ovascular diseases being the most common
causes of death for adults with diabetes.' Type
2 diabetes mellitus is an independent major
risk factor for these causes of death, and risk
factors for type 2 diabetes mellitus and cardi-
ovascular disease overlap.'Prediabetes is asso-
ciated with an increased risk of both type 2
diabetes mellitus and cardiovascular disease.””

Significance of the study

What is already known about this subject?
» Skeletal muscle mass and the concentration
of serum creatinine (a byproduct of muscle
metabolism) are associated with type 2 diabetes
mellitus, but whether serum creatinine is
associated with risk of incident dysglycemia
remains unclear.

What are the new findings?

» Low serum creatinine concentrations were
positively associated with both incident
dysglycemia and incident type 2 diabetes mellitus
over a 6.7-year follow-up period, independent of
other major risk factors for type 2 diabetes mellitus
including age, body mass index, alcohol intake,
physical activity and family history of diabetes.

How might these results change the focus of

research or clinical practice?

» Low serum creatinine concentrations may be
indicative of a risk of incident dysglycemia,
providing an early opportunity for prevention of
type 2 diabetes mellitus and cardiovascular disease
through lifestyle modifications.

A meta-analysis of 15 cohort studies showed
that elevated postprandial glucose values and
non-diabetic impaired glucose tolerance were
associated with an approximately threefold
increased risk of developing coronary heart
disease or cardiovascular events.* Thus, type 2
diabetes mellitus and dysglycemia are impor-
tant targets to be focused on for global health.

Skeletal muscle is the predominant site of
insulin-mediated plasma glucose uptake in
the postprandial state” % thus, low skeletal
muscle mass is associated with hyperglycemia
after an oral glucose load and with insulin
resistance and diabetes.” Serum creatinine
is the only substance metabolized by skeletal
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muscle and is closely associated with total skeletal muscle
mass.” Therefore, it is suggested that low serum creati-
nine is a risk factor for type 2 diabetes mellitus and
dysglycemia.

A limited number of previous studies have shown an
association of low serum creatinine with type 2 diabetes
mellitus. For instance, a case-control study of 1122
subjects in Trinidad and Tobago showed an association of
low serum creatinine with type 2 diabetes mellitus.” Like-
wise, a cross-sectional study of 1017 patients with morbid
obesity aged 18-75 years showed a positive association
between serum creatinine and diabetes prevalence.'’
These studies, however, were case-control or cross-sec-
tional studies, and therefore their level of evidence was
not high. Two previous Japanese cohort studies showed
that lower serum creatinine was associated with an
approximately 1.5-fold to 2-fold increased risk of type 2
diabetes mellitus.'' '? However, no cohort studies have
examined the association of low serum creatinine with
risk of dysglycemia, defined as shown below in the section
"Research design and methods".

Therefore, we aimed to investigate whether low serum
creatinine, a surrogate marker of skeletal muscle mass,
was associated with an increased risk of incident dysgly-
cemia including type 2 diabetes mellitus.

RESEARCH DESIGN AND METHODS

Study cohort

The study subjects were 3900 men aged 30-55 years at
entry who worked for any of 50 companies in Osaka,
the third largest metropolitan city in Japan. Sixty-seven
per cent of subjects were white-collar workers and most
retired at 60 years of age. All subjects had undergone
annual health check-ups at the Osaka Center for Cancer
and Cardiovascular Disease Prevention, with baseline
surveys conducted between 2001 and 2008, and follow-ups
for the incidence of diabetes and dysglycemia conducted
until March 2013. Of the 3900 subjects, we excluded 384
because of loss of follow-up, 135 with diabetes as defined
below, and 68 with abnormally high levels of serum
creatinine (>1.1mg/dL). The remaining 3313 subjects
were used for the present analysis. The mean number of
check-up visits was 7.0, and the median follow-up period
was 6.7 years. The average proportion of the subjects
who underwent annual health check-ups each year was
91.6%. Serum creatinine levels were grouped into the
following four categories: <0.70, 0.70-0.79, 0.80-0.89 and
0.9-1.1mg/dL.

Baseline examinations and follow-up study

An interview was conducted to ascertain the following:
number of cigarettes smoked per day; typical weekly
intake of ethanol measured in units of ‘go’ (a Japa-
nese traditional unit of volume; one ‘go’ is 180 mL and
contains 23 g of ethanol), which was then converted to
grams of ethanol per day; family history of diabetes;
leisure-time physical activities (one or more regular

exercise sessions per week or none) and medication use
for diabetes mellitus, hypertension or hyperlipidemia.
Family history of diabetes was defined as the presence
of at least one first-degree relative (father or mother)
with diabetes. Blood pressures were measured on the
right arm, in a sitting position after at least 5min rest, by
trained physicians using a standard mercury sphygmo-
manometer. Height was measured with the participants’
shoes removed and weight was measured with the partic-
ipants wearing light clothing. Body mass index (BMI)
was calculated as weight (kg) divided by the square of
height (m?). Blood was drawn from seated participants
into a plain, siliconized glass tube and the serum was
separated. Fasting was not required. Serum glucose
was measured by the hexokinase method and serum
creatinine was measured by the enzymatic method. The
normal range of serum creatinine measured by the enzy-
matic method was 0.6-1.1 mg/dL. All measurements of
serum glucose and serum creatinine concentrations
were performed at the laboratory of the Osaka Center for
Cancer and Cardiovascular Disease Prevention. Diabetes
was defined according to the report of a WHO/Inter-
national Diabetes Federation consultation'” as a fasting
plasma glucose concentration (FPG) of 2126 mg/dL
(7.0mmol/L), and/or a non-fasting plasma glucose
concentration (NFG) of >2200mg/dL (11.1 mmol/L),
and/or use of medication for diabetes. Dysglycemia was
defined as a FPG of 2110 mg/dL (6.1 mol/L), and/or a
NFG of 2140 mg/dL (7.8 mmol/L), so that dysglycemia
included diabetes and intermediate hyperglycemia.

Statistical analysis

We tested differences in the baseline characteristics
according to serum creatinine categories using analysis
of variance for continuous variables and X* test for cate-
gorical variables. Person-years were calculated as the
sum of individual follow-up time until the occurrence
of incident type 2 diabetes mellitus or dysglycemia, the
final visit for health check-up or the end of follow-up.
Cox proportional hazards regression models were used
to estimate HRs and 95% CIs for the new onset of type 2
diabetes mellitus and dysglycemia with the highest cate-
gory of serum creatinine as a reference. A test for trend
between serum creatinine categories and risk of type
2 diabetes mellitus or dysglycemia was also conducted.
Covariates included age (years), BMI (kg/mg),
smoking status (never, former or current smokers; <20
or >20cigarettes/day), alcohol intake (never, former
or current: <23, 23-45 or 246 g/day of ethanol), family
history of diabetes (yes or no) and leisure-time phys-
ical activity (yes or no). Covariate data were missing for
three male participants, who were excluded from the
analysis.

All statistical analyses were performed using the SAS
System (V.9.4; SAS Institute, Cary, North Carolina, USA).
All statistical tests were two-sided, and P values <0.05 were
regarded as statistically significant.
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Table 1 Baseline characteristics of participants according to serum creatinine categories
Serum creatinine (mg/dL) P value for
0.38-0.69 0.70-0.79 0.80-0.89 0.90-1.10 Total difference

Age, years 42.4 (7.6) 42.3 (7.1) 42.2 (7.2) 43.2 (7.2) 42.5(7.2) 0.02
Glucose, mmol/L 5.58 (0.69) 5.50 (0.66) 5.48 (0.56) 5.52 (0.61) 5.51 (0.62) 0.04
Fasting 58.5 64.2 69.4 69.2 66.6 <0.01
Body mass index, kg/m? 23.2 (3.3) 23.5(3.2) 23.7 (2.9) 24.3 (3.2) 23.7 (3.1) <0.01
Family history 21.2 13.7 13.9 14.8 14.9 0.08
High physical activity 35.7 35.2 38.8 45.0 38.8 <0.01
Smoking status

Never smokers 19.8 23.4 27.4 30.4 26.1 < 0.01

Past smokers 16.1 20.1 25.6 271 23.2 < 0.01
Current smokers

<20 cigarettes/day 11.6 9.6 8.8 9.5 9.5 0.33

>20 cigarettes/day 52.5 46.8 38.2 33.0 41.2 <0.001
Non-drinkers, 20.3 21.6 21.9 26.2 22.7 0.01
Light drinkers

<23 g ethanol/day 41.0 47.5 50.8 48.7 48.2 0.02
Moderate drinkers

23-45 g ethanol/day 20.9 19.7 17.4 15.1 17.9 <0.01
Heavy drinkers

>46 g ethanol/day 17.8 11.3 9.9 9.8 11.1 <0.01

Data are presented as mean (SD) or %.

RESULTS

Table 1 lists mean values and prevalence of baseline
characteristics according to the four categories of serum
creatinine levels.

Serum creatinine levels were positively associated
with age and BMI, and inversely associated with plasma
glucose concentration and the prevalence of high phys-
ical activity. No association was found between the serum
creatinine level and fasting glucose and non-fasting
glucose levels. The correlation coefficients between
the serum creatinine level and fasting and non-fasting
glucose levels were 0.02 and —-0.04, respectively. During
the median 6.7-year follow-up of the 3313 participants
totaling 21856 person-years, we identified 207 cases of
incident type 2 diabetes mellitus. The multivariable HR
of incident type 2 diabetes mellitus for the lowest (0.38—
0.69mg/dL) versus the highest (0.9-1.1mg/dL) serum
creatinine category was 1.9 (95% CI 1.2 to 2.9; P for trend
0.03) (table 2).

In the stratification analysis at median age (43 years)
and BMI (25kg/m?), the excess risk remained statistically
significant for the older subjects and subjects with obesity.
In the stratification analysis with or without high physical
activity, an interaction between physical activity and the
baseline creatinine level for type 2 diabetes mellitus was
observed. Furthermore, an interaction between a family
history of type 2 diabetes mellitus and the baseline creati-
nine level for type 2 diabetes mellitus was observed.

We analyzed the risk of incident dysglycemia, including
type 2 diabetes mellitus, from 3046 participants with
normal glucose levels at baseline. During the median
6.7-year follow-up totaling 20302 person-years, we iden-
tified 596 cases of incident dysglycemia, including 115
cases of incident type 2 diabetes mellitus. The multivari-
able HR of incident dysglycemia for the lowest versus the
highest serum creatinine category was 1.5 (95% CI 1.1 to
1.9; P for trend 0.01) (table 3).

In the stratification analysis at median age (43 years)
and BMI (25kg/ m?), the excess risk remained statis-
tically significant for the younger subjects and subjects
with no obesity. The multivariable HR of incident type
2 diabetes mellitus among subjects with normal glucose
levels at baseline for the lowest versus the highest serum
creatinine category was 1.9 (95% CI 1.0 to 3.4; P for trend
0.10). The magnitude of the excess risk of incident type
2 diabetes mellitus among subjects with normal glucose
levels was the same as that among subjects without type 2
diabetes mellitus (table 3).

DISCUSSION

In this 6.7-year prospective cohort study of 3313 Japa-
nese middle-aged men, we found that low serum creati-
nine levels were positively associated with an increased
risk of incident type 2 diabetes mellitus, independent of
other major risk factors for type 2 diabetes mellitus such
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Table 2 HR and 95% Cls of incident diabetes according to serum creatinine categories among subjects without diabetes at

baseline

Serum creatinine (mg/dL)

0.38-0.69 0.70-0.79 0.80-0.89 0.90-1.10 Total P for trend
Total subjects at risk 356 1028 1155 776 3313
No. of cases 35 57 63 52 207
Age-adjusted HR (95% Cl) 1.7(1.1t0o2.6) 0.9 (0.6t01.3) 0.9 (0.6to 1.3) 1.00 <0.001
Multivariable HR (95% Cl) 19(1.2t02.9 1.0(0.7to1.5) 1.0(0.7 to 1.5) 1.00 0.03
Age <43years Cases/subjects  12/188 21/550 22/615 12/369 67/1722
Multivariable HR (95% Cl) 20(09to4.7) 1.4(0.7t02.8) 1.5(0.7t03.0) 1.00 0.11
Age >43years Cases/subjects  23/166 36/478 41/540 40/407 140/1591
Multivariablet HR (95% Cl) 1.9(1.1t03.3)* 0.9(0.6to1.5) 0.9 (0.6to 1.4) 1.00 0.08
BMI <25 kg/m? Cases/Subjects  19/253 22/725 33/787 23/486 97/2251
Multivariablet HR (95% Cl) 1.7(09t03.1) 0.7(0.4t01.3) 1.0(0.6to 1.7) 1.00 0.38
BMI >25 kg/m? Cases/subjects  16/101 35/303 30/368 29/290 110/1062
Multivariablet HR (95% ClI) 19(1.0t0o3.6)* 1.2(0.8tc2.1) 1.1(0.6to 1.8) 1.00 0.05
With family history of diabetes Cases/subjects  8/75 14/141 11/161 9/115 42/492
Multivariablet HR (95% Cl) 1.2(0.5t03.3) 1.3(0.5t03.0) 0.9(0.4t02.2) 1.00 0.6
Without family history of Cases/subjects  27/279 43/887 52/661 43/661 165/2821
diabetes
Multivariable: HR (95% Cl) 23(1.4t03.7) 0.9(0.6to1.5 1.1(0.7t01.7) 1.00 0.01
With high physical activity Cases/subjects  7/126 21/361 20/448 20/349 68/1284
Multivariable§ HR (95% ClI) 1.2(0.7t02.3) 1.2(0.6t02.2) 1.0(0.5to0 1.8) 1.00 0.6
Without high physical activity Cases/subjects 28/228 36/667 43/707 32/427 139/2029
Multivariable§ HR (95% ClI) 2.3 (1.4t04.0 1.0(0.6to1.6) 1.1(0.7to1.8) 1.00 0.02

Test for significance: *P<0.05, **P<0.01.

TAdjusted for age, BMI, family history, smoking status, alcohol intake category and leisure time physical activity.
FAdjusted for age, BMI, smoking status, alcohol intake category and leisure time physical activity.
§Adjusted for age, BMI, family history, smoking status and alcohol intake category. Median age: 43 years.

BMI, body mass index.

as age, BMI, alcohol intake, leisure-time physical activity
and family history of diabetes. These associations did not
differ substantially between older and younger partic-
ipants, but were more marked for overweight subjects.
Furthermore, we demonstrated that low serum creatinine
levels were also positively associated with an increased
risk of incident dysglycemia. The present study is the first
to our knowledge to report that low serum creatinine
is a predictor for both incident type 2 diabetes mellitus
and dysglycemia. The magnitude of excess risk of type
2 diabetes mellitus associated with low serum creatinine
levels was similar to that reported in a previous 4-year
cohort study of 8570 Japanese middle-aged men, which
showed that the multivariable OR of diabetes for serum
creatinine levels of 0.40-0.60 mg/dL was 1.91 (95% CI
1.44 to 2.54) compared with levels of 0.71-0.80 mg/dL."
A similar result was reported in a 5.6-year cohort study
of Japanese men and women, that is, that the multivar-
iable HR of diabetes incidence in men for serum creati-
nine levels of <0.7mg/dL was 1.40 (95% CI 1.05 to 1.87)
compared with levels of 0.9-1.2 mg/dL.12 A 4.5-year
follow-up of 2676 Korean men and women aged 18-75
years indicated that decreased serum creatinine, defined

as a difference between follow-up and baseline creati-
nine, was an independent risk factor of diabetes, with a
multivariable OR of 1.89 (95% CI 1.13 to 3.15)."

Serum creatinine levels are correlated with skeletal
muscle mass or lean mass,"” '® and lower serum creat-
inine levels reflect reduced skeletal muscle mass. Skel-
etal muscle is the major site of glucose uptake in the
postprandial state in humans; under euglycemic hyper-
insulinemic conditions, about 80%-90% of glucose
uptake occurs in skeletal muscle.'"” Reduced glucose
uptake in skeletal muscle is considered to be a primary
pathogenesis for insulin resistance and type 2 diabetes
mellitus, that is evident decades before overt hypergly-
cemia develops.® We predicted the reduction of skeletal
muscle to be associated with increased insulin resis-
tance and risk of type 2 diabetes mellitus. A 4.6-year
follow-up of 147 healthy Mexican men and women
over 60 years of age indicated that hyperinsulinemia, as
an early marker of insulin resistance, was significantly
associated with reduced mass of appendicular skeletal
muscle after adjusting for age, baseline total body fat,
height and physical activity.'® A 12-year cohort study
of 6895 Korean men and women aged 40-69 years

4

BMJ Open Diab Res Care 2018;6:6000492. doi:10.1136/bmjdrc-2017-000492

“yBuAdoo Aq parosioid 1sanb Aq 6T0Z 2ung 9T uo jwod fwgaip//:dny woll papeojumoq ‘8T0Z Aleniga /2 Uo Z67000-2T0Z-2Jplwa/9eTT 0T Se paysignd 1sii :a1ed say qelg uado rINg


http://drc.bmj.com/

8 Epidemiology/Health Services Research

Table 3 MultivariabletHR for dysglycemia and diabetes according to serum creatinine categories among subjects with
normal glucose levels at baseline

Serum creatinine (mg/dL)

P for
0.38-0.69 0.70-0.79 0.80-0.89 0.90-1.10 Total trend
Total subjects at risk 313 952 1064 717 3046
No. of subjects with 78 187 188 143 596
dysglycemia
Age-adjusted HR 1.5 (1.1 to 1.9)* 1.1 (0.9t0 1.3) 1.0(0.8t01.2) 1.00 0.02
(95% Cl)
Multivariable HR 1.5 (1.1 to 1.9) 1.1(0.9to 1.4) 1.0(0.8t01.3) 1.00 0.01
(95% Cl)
Age <43years Cases/subjects  38/180 78/514 84/587 53/356 253/1637
Multivariable HR 1.8 (1.2 to 2.8)** 1.3(0.9t0 1.8) 1.2(0.8t01.7) 1.00 <0.01
(95% Cl)
Age >43years Cases/subjects  40/133 109/438 104/477 90/361 343/1409
Multivariable HR 1.3(0.9t01.9) 1.1 (0.8 to0 1.5) 0.9(0.7t01.2) 1.00 0.20
(95% Cl)
BMI <25 kg/m? Cases/subjects  49/224 106/693 118/738 78/453 351/2108
Multivariable HR 1.5(1.0to0 2.2)* 1.0(0.7t0 1.3) 1.0(0.8t01.4) 1.00 0.09
(95% Cl)
BMI >25kg/m? Cases/subjects  29/89 81/259 70/326 65/264 245/938
Multivariable HR 1.5(0.9t0 2.3) 1.4 (1.0 to 2.0) 1.0(0.7to1.4) 1.00 0.04
(95% Cl)
With family history of Cases/subjects 56/244 156/824 156/925 114/611 482/2604
diabetes
Multivariablet HR 0.9 (0.5to0 1.6) 0.9 (0.5to0 1.4) 0.8(0.5t01.3) 1.00 0.61
(95% Cl)
Without family Cases/subjects  22/69 31/128 32/139 29/106 114/442
history of diabetes
Multivariablet HR 1.6 (1.2 10 2.3)* 1.3(1.0t0 1.6) 1.1 (0.9-1.4) 1.00 <0.01
(95% Cl)
With high physical Cases/subjects 57/203 109/618 115/650 87/392 368/1863
activity
Multivariable§ HR 1.4 (0.8 t0 2.3) 1.7 (1.2 to 2.4)* 1.2(09t01.7) 1.00 0.05
(95% Cl)
Without high Cases/subjects 21/110 98/334 73/414 56/325 228/1,183
physical activity
Multivariable§ HR 1.6 (1.1-2.2)* 0.9(0.7t01.2) 0.9(0.7t01.2) 1.00 <0.01
(95% Cl)
0.38-0.69 0.70-0.79 0.80-0.89 0.90-1.10 Total P for trend
Total subjects 313 952 1064 717 3046
No. of subjects with 78 187 188 143 596
dysglycemia
Multivariable HR (95% ClI) 1.5(1.1 to 1.9)* 1.1 (0.9to 1.4) 1.1(0.8t01.3) 1.00 0.01
No. of subjects with diabetes 20 33 33 29 115
Multivariable HR (95% Cl) 1.9 (1.0 to 3.4)* 1.0 (0.6 to 1.7) 1.0(0.6to1.6) 1.00 0.1

Test for significance: *P<0.05, **P<0.01.

TAdjusted for age, BMI, family history, smoking status, alcohol intake category and leisure time physical activity.
FTAdjusted for age, BMI, smoking status, alcohol intake category and leisure time physical activity.

§Adjusted for age, BMI, family history, smoking status and alcohol intake category.

BMI, body mass index.

also showed a significant inverse association between
muscle mass index, defined as the weight-adjusted
appendicular skeletal muscle mass, and the risk of type
2 diabetes mellitus."

The reduction of skeletal muscle may be associated
with an increased risk of diabetes because of a reduc-
tion in both insulin resistance and insulin secretion. A
cross-sectional study of Japanese men and women aged
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40-79 years without diabetes showed a significant posi-
tive correlation between appendicular muscle mass
index and clinical parameters of both B-cell function and
insulin resistance.”

A cross-sectional analysis of 13644 subjects in the
National Health and Nutrition Examination Survey III
showed that a 10% increase in skeletal muscle index, the
ratio of total skeletal muscle mass (estimated by bioelec-
trical impedance) to total body weight, was associated
with an 11% (95% CI 6% to 15%) relative reduction in
HOMA-IR and a 12% (95% CI 1% to 21%) relative reduc-
tion in the prevalence of prediabetes or overt diabetes
after adjusting for age, ethnicity, sex and generalized
and central obesity.”’ In that study, increased muscle
mass (relative to body size) was associated with greater
insulin sensitivity and a lower risk of prediabetes or overt
diabetes.”'

Insulin sensitivity is reported to be higher in people
with low visceral fat mass, but insulin secretion was much
lower in East Asians (including Japanese) than in Afri-
cans and Caucasians, because of their lower visceral
fat mass and smaller body size.”* Further reduction of
skeletal muscle (as indicated by lower serum creatinine
levels) in East Asians is likely to increase the risk of type 2
diabetes mellitus and dysglycemia.

In addition to low skeletal muscle mass, the increased
risk of diabetes or dysglycemia associated with low serum
creatinine levels may be explained in part by glomerular
hyperfiltration. Glomerular hyperfiltration was observed
in 6%-73% of patients with type 2 diabetes mellitus and
the peak filtration rate may be seen in prediabetes or
shortly after the onset of diabetes.” Moreover, a cross-sec-
tional study of 2584 men and women aged 12-17 years
showed that persons with glomerular hyperfiltration
(estimated glomerular filtration rate (eGFR)>120mL/
min 1.73m% had higher mean levels of fasting insulin
after adjusting for BML** In that study, eGFR was defined
by the Schwartz equation, that is, eGFR (mL/min 1.73
m2)=0.413><height (cm)/serum creatinine (mg/dL), so
another possibility is that glomerular hyperfiltration led
to low serum creatinine levels.

Both diabetes and dysglycemia have been associated with
risk of cardiovascular disease.™ Therefore, the prevention
and control of diabetes and dysglycemia through lifestyle
modifications such as increased physical activity or resis-
tance exercise are important to increase skeletal muscle
mass. Nutritional control may also be important, especially
by increasing intake of amino acids or protein. A random-
ized crossover study of 41 elderly normal weight men and
women aged 66—84 years with sarcopenia demonstrated that
nutritional supplementation with an amino acids mixture
significantly increased whole-body lean mass compared
with controls.”

The strengths of the present study include the
following: prospective cohort study of middle-aged Japa-
nese men, standardized measurement of creatinine and
glucose in a single laboratory, annual follow-up exam-
inations with high follow-up rates and adjustment for

potential confounding factors such as family history
of diabetes, physical activity and smoking status, which
were not taken into account in a recent Japanese cohort
study.'?

Our study also has several limitations. First, our study
population was a single ethnic group of middle-aged
male workers in an urban city, so it is unclear whether
our results can be applied to female, younger or older
people, other Asian people or Caucasians. Second, we
did not measure fasting serum insulin at baseline, so the
relationship with insulin resistance and insulin secretion
was not examined.

In conclusion, low serum creatinine levels were associ-
ated with an increased risk of type 2 diabetes mellitus and
dysglycemia.
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