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The Serum Creatinine Level Might Be Associated with
the Onset of Impaired Fasting Glucose: A Community-based
Longitudinal Cohort Health Checkup Study
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Abstract:

Objective Skeletal muscle is the main target organ for glycemic control, and the serum creatinine level is a
convenient indicator of the skeletal muscle mass. This study aimed to assess the potential relationship be-
tween the serum creatinine level and the onset of impaired fasting glucose (IFG).

Methods In this large, community-based, retrospective longitudinal cohort study, we examined the records
of 7,905 Japanese participants (3,863 men, 4,042 women) of 18-80 years of age who underwent annual
health checkups at a single center between April 2003 and August 2013. After applying the exclusion criteria,
6,490 participants were reviewed to identify those with the onset of IFG, defined as a fasting plasma glucose
26.11 mM. Among the participants, 278 met the criterion for the onset of IFG during the observation period.
Results Creatinine levels were higher in male subjects who exercised periodically and were exercise con-
scious in comparison to those who did not exercise, and were higher in female subjects who exercised peri-
odically in comparison to female subjects who did not exercise and who were not exercise conscious. Addi-
tionally, the serum creatinine level was negatively associated with the onset of IFG in both men [adjusted
hazard ratio, 0.98; 95% confidence interval (CI), 0.96-0.99; p=0.008] and women (adjusted hazard ratio,
0.94; 95% CI, 0.91-0.97; p<0.001) after adjustment for variables previously reported to be risk factors for the
onset of glucose intolerance and factors associated with chronic kidney disease.

Conclusion A low creatinine level might be associated with the onset of IFG. Moreover, the fact that serum
creatinine levels increase with exercise might demonstrate the importance of exercise therapy.
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essary to prevent the progression of complications, the ma-

Introduction jority of type 2 diabetes patients have no symptoms and are

sometimes only diagnosed after the development of serious

Type 2 diabetes is a public health concern worldwide that complications. Thus, various predictive markers for abnor-

can lead to macro- and microvascular complications as well mal glucose tolerance are needed to detect the onset of dia-
as nonalcoholic steatohepatitis and bone metabolism de- betes earlier.

fects (1-3). Although effective early glycemic control is nec- Skeletal muscle, which accounts for 80% of the glucose
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Subjects who had annual health check-ups
more than twice
at the Ehime General Health Care Association
(n =7,905; 3,863 men and 4,042 women)

Subjects (n = 1,415) were excluded because of
1) Age = 66 years (n = 49)
2) eGFR < 60 mL/min/1.73 m? (n = 256)
3)FPG 26.11 mM (n = 634)
4) Current treatment with
anti-diabetic agents (n = 132)
anti-hypertensive agents (n = 366)
lipid-lowering agents (n = 170)

Longitudinal cohort study
(n =6,490; 2,965 men and 3,525 women)

Onset of glucose intolerance

> (n=278;206 men and 72 women)

No onset of glucose intolerance
(n=6,212; 2,759 men and 3,453 women)

Figure 1. A flowchart of participant recruitment. eGFR: es-

timated glomerular filtration rate

uptake under euglycemic and hyperinsulinemic conditions,
takes up glucose via GLUT4 in response to insulin stimula-
tion (4). Skeletal muscle, therefore, comprises the largest
insulin-sensitive organ in the human body, and as such, is
the main target organ for glycemic control (5, 6). The asso-
ciation between the skeletal muscle mass and glucose intol-
erance has been investigated in several population-based
studies (4, 7, 8), and in a few cross-sectional studies, pa-
tients with diabetes were found to have a greater muscle
mass than those without diabetes after accounting for body
size (7, 8). However, Kim et al. reported that the skeletal
muscle mass (adjusted for height or weight) was signifi-
cantly lower in patients with diabetes than in those without
diabetes in the Korean Sarcopenic Obesity Study (KSOS),
which included 414 patients with diabetes and 396 con-
trols (9). Furthermore, insulin resistance in skeletal muscle
precedes B-cell failure and hyperglycemia and plays a key
role in the development of type 2 diabetes (4). Thus, the as-
sessment of the skeletal muscle mass might help predict the
onset of type 2 diabetes.

Creatinine, which is a metabolite of creatine and creatine
phosphate, is produced in the skeletal muscle at a relatively
constant rate (10). Creatinine level reflects the absolute
amount of skeletal muscle and is therefore a useful indicator
of the skeletal muscle mass (11). Thus, in this large,
community-based, retrospective longitudinal cohort study,
we aimed to examine the association between serum cre-
atinine levels and the onset of impaired fasting glucose
(IFG). The results of this study will assist in identifying pa-
tients who are at high risk of developing type 2 diabetes and
providing interventions to mitigate the onset of type 2 dia-
betes.

Materials and Methods

In the present study, data were extracted from the medical
records of 7,905 Japanese subjects (3,863 men, 4,042
women; age range, 18-80 years) who had undergone more
than two annual health checkups between April 2003 and
August 2013 at the Ehime General Health Care Association.
Details of these data have been described in our previous re-
port (12). Briefly, the data contained findings from physical
examinations, anthropometric measurements and other rou-
tine biochemical variables, personal medical histories and
second-degree family histories of diabetes, prescribed medi-
cations, exercise habits (no exercise, exercise consciousness,
or periodic exercise), as well as the quantity and frequency
of alcohol intake (alcohol consumption: alcohol intake >30
g/day for men and >20 g/day for women) (13) and cigarette
smoking. Fasting blood samples were used to measure the
levels of the following parameters: creatinine; fasting plasma
glucose; lipid profile; uric acid; and alanine aminotrans-
ferase. The onset of IFG was diagnosed based on a fasting
plasma glucose level of 26.11 mM in any of the annual
health checkups (14, 15). The equation of the Japanese So-
ciety of Nephrology was used to calculate the estimated
glomerular filtration rate (16).

This study protocol was approved by the Committee for
Medical Ethics of Ehime University Hospital (Approval 1D
No. 110405, University Hospital Medical Information Net-
work ID No. UMIN000011953) and was conducted in ac-
cordance with the tenets of the Declaration of Helsinki,
1975 and its later amendment in 1983.

As shown in Fig. I, out of the 7,905 reviewed partici-
pants, 1,415 were excluded based on the following exclusion
criteria: age 266 years (n=49); estimated glomerular filtra-
tion rate <60 mL/min/1.73 m’ (n=256); fasting plasma glu-
cose 20.11 mM (n=634); and/or current treatment with an-
tidiabetic (n=132), antihypertensive (n=366), or lipid-
lowering agents (n=170). After applying the exclusion crite-
ria, the final study group consisted of 6,490 reviewed par-
ticipants (2,965 men, 3,525 women). The mean observation
period was 4.38+2.52 years (median, 4.05 years; range,
0.44-10.13 years; men, 4.28+2.52 years, women, 4.45+2.53
years). The median interval between visits was 1.04 years
(range, 0.44-9.05 years); this value was <6 months and >2
years for 0.34% and 18.2% of the participants, respectively.

To maintain anonymity, a numerical code was assigned to
each participant and all data were maintained in a secure da-
tabase. The requirement to obtain informed consent from the
participants was waived because of the retrospective nature
of the study. Statistical analyses were performed using the
JMP (version 12; SAS Institute Japan, Tokyo, Japan) and
XLSTAT (Addinsoft, Paris, France) software programs. The
Mann-Whitney U test was used to compare differences be-
tween men and women in baseline characteristics, and the
chi-squared test was used to compare associations between
health-related behavior and a family history of diabetes. The
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Table 1. Characteristics at Baseline and Impaired Fasting Glucose Onset.
Men Women

(n=2.965) (n=3,525) PVvalue
Age (years) 41.9+8.6 40.4£8.5 <0.001
Body mass index (kg/m?) 23.5+3.1 21.3£3.1 <0.001
Systolic blood pressure (mmHg) 11514 107x15 <0.001
Alanine aminotransferase (U/L) 27.8+20.4 16.0£9.7 <0.001
Serum creatinine (uUM) 76.1£9.0 55.5+7.4 <0.001
Uric acid uM) 367+71 252452 <0.001
Fasting plasma glucose (mM) 5.22+037 4.91+039 <0.001
Total cholesterol (mM) 5.24+0.87  5.21+0.88 0.055
Triacylglycerol (mM) 1.49+1.16  0.86+0.52  <0.001
Alcohol drinkers (%) 28.1 49 <0.001
Current smokers (%) 42.1 5.65 <0.001
Exercise habit* Periodic exercise (%) 34.5% 25.3% <0.001
Family history of diabetes (%) 16.7 22 <0.001
Onset of impaired fasting glucose** (%) 6.95 2.04 <0.001

Values are expressed as means=standard deviations or percentages (%). The p values were determined using the

Mann-Whitney U test or chi-squared test, as appropriate.

*Exercise habit: no exercise or consciousness of exercise vs. periodic exercise.

**The onset of impaired fasting glucose was defined as a fasting plasma glucose level 26.11 mM during the ob-

servation period.

Steel-Dwass test was employed to analyze between-group
differences in baseline exercise habits, and a univariate Cox
proportional hazard regression model with forward likeli-
hood ratio tests was used to assess the importance of each
variable related to the incidence of the onset of IFG and
chronic kidney disease. A multivariate Cox proportional haz-
ard regression model was used to calculate the adjusted haz-
ard ratios (aHRs) of serum creatinine for the incidence of
the onset of IFG, which were adjusted for the following fac-
tors known to be related to glucose intolerance and chronic
kidney disease (12, 17-20): age, body mass index, systolic
blood pressure, uric acid, fasting plasma glucose, exercise
habits, and a family history of diabetes (Model 1). Model 2
was adjusted for variables associated with metabolic disease,
including body mass index, systolic blood pressure, and the
levels of alanine aminotransferase, uric acid, fasting plasma
glucose, total cholesterol, and triacylglycerol. Model 3 was
adjusted for variables associated with lifestyle, alcohol con-
sumption, current smoking status, and exercise habits. All
reported p values were two-tailed, and p values of <0.05
were considered to indicate statistical significance.

Results

Baseline characteristics

All variables could be used in our review with the excep-
tion of the BMI of one participant (0.015%). In comparison
to the women, the men in this study were older and had sig-
nificantly higher values for metabolic and serum markers
other than total cholesterol (p<0.001 for each variable; Ta-
ble 1). Additionally, the frequency of alcohol consumption,
current smoking, and periodic exercise was higher among

men, while fewer men had a family history of diabetes (p<
0.001 for each variable; Table 1). The onset of IFG was
more frequent in men than in women (p<0.001; Table 1).
Moreover, the creatinine levels were higher in male subjects
who exercised periodically (p<0.001; Fig. 2) and were exer-
cise conscious (p=0.041; Fig. 2) than in those who did not
exercise, and were higher in female subjects who exercised
periodically in comparison to female subjects who did not
exercise (p<0.001; Fig. 2) and who were not exercise con-
scious (p<0.001; Fig. 2).

Risk factors for the onset of IFG

The univariate analyses showed significant positive asso-
ciations of the following variables with the onset of IFG: se-
rum creatinine [men: hazard ratio (HR), 0.975; 95% confi-
dence interval (CI), 0.96-0.99; p=0.001; women: HR, 0.967;
95% CI, 0.937-0.999; p=0.04; Table 2], previously reported
risk factors for IFG, and metabolic disease-related factors
(men: age, BMI, systolic blood pressure, alanine aminotrans-
ferase, uric acid, fasting plasma glucose, total cholesterol,
triacylglycerol, current smoking status, and family history;
age, BMI, systolic blood pressure,
aminotransferase, uric acid, fasting plasma glucose, total
cholesterol, triacylglycerol, and family history; Table 2).

women: alanine

Serum creatinine as a risk factor for the onset of
IFG

The multivariate analysis was adjusted for previously re-
ported risk factors for the onset of glucose intolerance and
factors associated with chronic kidney disease. Model 1 sug-
gested significantly positive associations between serum cre-
atinine levels and the onset of IFG in both sexes (men: aHR,
0.98; 95% CI, 0.96-0.99; p=0.008; women: aHR, 0.94; 95%
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Figure 2. The serum creatinine levels according to exercise
habits and sex. Among men, creatinine levels were higher in
subjects who exercised periodically (p<0.001) and were exer-
cise conscious (p=0.041) compared to subjects who did not ex-
ercise. On the other hand, among women, subjects who exer-
cised periodically had higher creatinine levels in comparison to
subjects who did not exercise (p<0.001) and who were not exer-
cise conscious (p<0.001). The p values were determined using
the Steel-Dwass test.

CI, 0.91-0.97; p<0.001; Table 3). Model 2, which was ad-
justed for variables associated with metabolic disease and
Model 3 which was adjusted for variables associated with
lifestyle, also revealed significant associations between se-
rum creatinine levels and the onset of IFG (Model 2: men:
aHR, 0.98; 95% CI, 0.96-0.99; p=0.002; women: aHR, 0.94;
95% CI, 0.92-0.97; p<0.001) (Model 3: men: aHR, 0.98;
95% CI, 0.96-0.99; p=0.004; women: aHR, 0.967; 95% ClI,
0.937-0.999; p=0.041) (Table 3).

Discussion

The present community-based study was conducted to ex-
amine the association between serum creatinine levels and
glucose intolerance. As a result, we found a negative asso-
ciation between serum creatinine levels, which increased
with additional exercise, and the onset of IFG in both sexes
after adjusting for variables previously reported to be risk
factors for the onset of glucose intolerance and factors asso-
ciated with chronic kidney disease.

After adjusting for age, sex, race, height, physical activity,
and neuropathy, an association was found between increased
levels of glucose and insulin after an oral glucose tolerance
test (OGTT) and lower muscle mass (estimated using the
mid-thigh cross-sectional area) in the Baltimore Longitudi-
nal Study of Aging, which involved 587 participants without
diabetes (21). The authors of that study concluded that glu-
cose and insulin levels likely had an early effect on the mus-
cle mass, even in the absence of diabetes (21). Meanwhile,
the Health, Aging, and Body Composition Study, which in-
volved 2,166 older adults without diabetes at baseline over a
median follow-up period of 11.3 years, investigated the as-
sociation between muscle quantity and strength and incident
diabetes, and whether this association differed according to

Table 2. Results of the Univariate Analyses of Risk Factors for the Onset of Impaired Fasting

Glucose*.
Men Women

HR (95% CI) p value HR (95% CI) p value
Age (years) 1.07 (1.05-1.09) <0.001 1.096 (1.07-1.13) <0.001
Body mass index (kg/m?) 1.15 (1.11-1.19) <0.001 1.25 (1.19-1.31) <0.001
Systolic blood pressure (mmHg) 1.03 (1.02-1.04) <0.001 1.03 (1.02-1.04) <0.001
Alanine aminotransferase (U/L) 1.011 (1.008-1.014)  <0.001 1.02 (1.01-1.03) 0.004
Serum creatinine (UM) 0.978 (0.96-0.99) 0.0011 0.967 (0.937-0.999) 0.04
Uric acid (uM) 1.004 (1.002-1.005)  <0.001 1.012 (1.007-1.016)  <0.001
Fasting plasma glucose (mM) 43.9 (28.0-69.5) <0.001 66.9 (36.1-127.2) <0.001
Total cholesterol (mM) 1.33 (1.14-1.54) <0.001 1.71 (1.35-2.13) <0.001
Triacylglycerol (mM) 1.27 (1.21-1.33) <0.001 1.52 (1.30-1.68) <0.001
Alcohol drinkers (%) 1.34 (0.996-1.79) 0.053 1.94 (1.08-4.12) 0.156
Current smokers (%) 1.41 (1.08-1.86) 0.013 1.37 (0.48-3.07) 0.518
Exercise habit** (%) 0.92 (0.68-1.22) 0.565 0.76 (0.41-1.32) 0.348
Family history of diabetes (%) 1.45 (1.04-1.99) 0.029 1.84 (1.11-2.97) 0.0189

*The onset of impaired fasting glucose was defined as a fasting plasma glucose level 26.11 mM during the observation

period.

**Exercise habit: no exercise or consciousness of exercise vs. periodic exercise.
HR: hazard ratio
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Table 3. Association between Serum Creatinine Levels (uM) and

Impaired Fasting Glucose Onset*.

Men Women
aHR (95% CI) p value aHR (95% CI) p value
Model 1 0.98 (0.96-0.99) 0.008 0.94 (0.91-0.97) <0.001
Model 2 0.98 (0.96-0.99) 0.002 0.94 (0.91-0.97) <0.001
Model 3 0.98 (0.96-0.99) 0.004 0.967 (0.937-0.999) 0.041

Model 1 was adjusted for the variables previously reported to be risk factors for the

onset of glucose intolerance and associated with chronic kidney disease, including

age (years), body mass index (kg/m?), systolic blood pressure (mmHg), uric acid

(uM), fasting plasma glucose (mM), exercise habit (%), and a family history of diabe-

tes (%).

Model 2 was adjusted for the variables associated with metabolic diseases, including

body mass index (kg/m?), systolic blood pressure (mmHg), alanine aminotransferase

(U/L), uric acid (uM), fasting plasma glucose (mM), total cholesterol (mM), and tria-

cylglycerol (mM).

Model 3 was adjusted for variables associated with life style, including alcohol con-

sumption (%), current smoking status (%), and exercise habit (%).

*The onset of impaired fasting glucose was defined as a fasting plasma glucose level

26.11 mM during the observation period.
aHR: adjusted hazard ratio

BMI category (22). The authors found that greater muscle
mass (abdominal and thigh muscles) and greater muscle area
were predictive of a lower risk of incident type 2 diabetes in
normal-weight women (HR, 0.37; 95% CI, 0.17-0.83) and
older normal-weight women (HR, 0.58; 95% CI, 0.27-1.27),
respectively (22). They also found an increased risk of inci-
dent type 2 diabetes in overweight and obese women (HR,
1.23; 95% CI, 0.98-1.54 and HR, 1.28; 95% CI, 1.00-1.64,
respectively). However, no significant associations were
found between BMI category and strength, or any other
measures in men (all p>0.05). These controversial findings
could be related to intermuscular adipose tissue depots in
obese women (22). The serum creatinine level reflects the
muscle mass independent of intermuscular adipose tissue de-
pots and might therefore be a better marker of the onset of
IFG than muscle mass determined via imaging.

The association between serum creatinine levels and the
onset of type 2 diabetes among 8,570 Japanese men (age
range, 40-55 years) during a 4-year follow-up period was in-
vestigated by Harita et al. (18). They demonstrated, through
a multiple logistic regression analysis, that lower serum cre-
atinine levels increased the risk of type 2 diabetes [a serum
creatinine level of 0.40-0.60 mg/dL had an odds ratio of
1.91 (95% CI, 1.44-2.54) relative to a level of 0.71 and 0.80
mg/dL] (18). However, in that study, even though the par-
ticipants might have undergone annual health checkups and
received interventions thereafter, the authors only evaluated
the participants during two time periods (April 2000-March
2001 and April 2004-March 2005) (18). Moreover, the par-
ticipants were all men; this relationship was not evaluated in
women, even though previous studies have reported sex-
related differences in skeletal muscle mass among diabetes
patients (9, 22).

Several underlying mechanisms may explain this associa-
tion between the serum creatinine levels and the onset of

IFG. For example, the loss of muscle mass can reduce the
expression and distribution of GLUT4, which could result in
a reduction of the insulin-stimulated glucose uptake by
skeletal muscle, thereby exacerbating
tance (23, 24). Furthermore, in the present study, an associa-
tion was found between serum creatinine levels and exercise
habits. Thus, we thought that the low serum creatinine lev-
els, which might reflect a low muscle volume, were associ-
ated with the onset of IFG.

The strengths of the present study include the large sam-
ple size and the general population setting. In addition, with
the exception of one case in which the BMI value was miss-
ing (0.015%), the data collection was complete. However, it
should be noted that the present study also had a number of
limitations. First, only annual data were collected, and these
data were not truly continuous. Second, self-reported ques-
tionnaires were used, which raises the possibility that the ac-
curacy of our findings could have been affected by misre-
ported data. Third, we did not utilize data from the 75 g
OGTT because the 75 g OGTT was not conducted during
these annual health checkups. Thus, the IFG and normal
glucose tolerance groups might have included individuals
with impaired glucose tolerance or diabetes. Fourth, the fast-
ing plasma glucose level is affected to a greater extent by
gluconeogenesis in the liver and kidney than glucose me-
tabolism disorders of the muscle in the early stage of glu-
cose intolerance, and the effect of glucose intolerance due to
muscle mass emerges earlier in the postprandial period than
during the fasting period. Thus, to examine the relationship
between serum creatinine levels and the onset of glucose in-
tolerance, the examination of postprandial glucose levels
was more appropriate. Fifth, we did not evaluate either the
muscle mass or the amount of body fat among the subjects.
Sixth, subjects who exercised periodically may have a strong
attitude to health and may have been more careful with their

insulin  resis-
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diet. However, we did not assess the meal intake in this
study. Seventh, the statistical power of Models 1, 2, and 3
was low (from 0.147 and 0.376), although the creatinine
level is a continuous variable. Finally, the study population
only included Japanese patients. Thus, to confirm our find-
ings, a prospective validation study should be conducted in
various populations because medical practices differ among
locations and races.

Despite these limitations, our study reports several note-
worthy results. First, a low serum creatinine level appears to
be associated with the onset of IFG. Second, serum cre-
atinine levels appear to increase with exercise, which might
suggest the importance of exercise therapy. These findings
suggest that the measurement of serum creatinine levels
could help clinicians identify people at risk of developing
type 2 diabetes, and thereby prevent further disease progres-
sion.
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