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Low creatinine levels in diabetes
mellitus among older individuals:
the Yuport Medical Checkup
Center Study

Saori Kashima®*, Kazuo Inoue? & Masatoshi Matsumoto?

ORIC ID: 0000-0002-3401-8191. It is unknown whether the interrelationship between diabetes and
muscle loss is affected by ageing. Therefore, the serum creatinine levels, an indicator of muscle mass,
were compared between older people with diabetes and those without diabetes, using a cross-
sectional dataset from the Yuport Medical Checkup Center Study. We classified 6133 participants
without kidney dysfunction into three age-groups: early-elderly (65-69 years), middle-elderly (70—
74 years), and late-elderly (= 75 years). The association between diabetes and the lowest creatinine
level, defined as less than or equal to the 25 percentile of serum creatinine, was evaluated in each age
group, by calculating the odds ratio (OR) using logistic regression. Serum creatinine levels increased
with ageing in the participants, and these trends were markedly observed in the non-diabetic group.
Late-elderly people with diabetes were significantly more likely to have low creatinine levels than
those without diabetes, with adjusted ORs 2.50 (95% CI 1.99-4.50) in men and 2.88 (95% Cl 1.47-5.64)
in women. Ageing modified the effect of their diabetes status towards a lower creatinine level (p

for interactions between the diabetic status and age-groups were 0.01 in men and 0.05 in women,
respectively). Ageing may thus accelerate the loss of muscle mass in people with diabetes.

The increasing number of older people have prospected globally, and the proportion of people aged 65 years
or older is estimated to reach nearly twice as those from 2015 (elderly rate 12%) to 2050 (22%)". Ageing is
accompanied by major changes in body composition, including a progressive decrease in muscle mass, muscle
strength, and its quality? a decrease in glucose tolerance’; and an increase in the risks of chronic disease®. With
an increasing number of older people, the prevalence of diabetes is expected to increase globally. For example,
the prevalence of diabetes among people aged 75-79 years will increase from 1.4% in 2019 to 20.5% in 2045°.

In these circumstances, the World Health Organization launched a global strategy for healthy ageing in
2016°. Physical activity and maintenance or increase in muscle mass were addressed as significant determinants
of “active ageing™ and had a major role in reducing morbidity later in life®®. Previous studies reported that low
muscle mass is associated with an increased risk of type 2 diabetes and other cardiometabolic diseases!*'2. Other
studies have reported associations, in which people with diabetes lose muscle mass and strength more than those
without diabetes!>!4. Because of the lack of available data, the association between the diabetes status and the
level of skeletal muscle mass in the late-elderly population i.e. in people aged 75 years or older is still unclear.
Moreover, it is unknown whether the interrelationship between diabetes and muscle loss is affected by ageing.
Although the management of diabetes for older adults should be tailored to the individual’s unique physical and
social situations'?, reliable information associating diabetes and ageing is scarce.

Although measuring the amount of skeletal muscle mass in a large population is difficult, serum creatinine
levels indirectly reflect the amount of muscle in people whose kidneys function “normally”!®. Japan has been
at the forefront of a super-ageing society'’, with a sufficient amount of data gathered on diabetes among older
people through health check-up programmes. Therefore, we compared the serum creatinine levels between
older people with diabetes and those without diabetes by using a large cross-sectional dataset from the Yuport
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Age group

Total (n=6133) | 65-69 years (n=3522) | 70-74 years (n=1853) | =75 years (n=758) | p-value*
Men
N, persons 2923 1623 868 432
Diagnosed as diabetes, n person* | 438 (15.0) 243 (15.0) 127 (14.6) 68 (15.7) 0.871%
Body mass index, kg/m? 23.2(2.8) 23.5(2.7) 23.1(2.8) 22.6 (2.8) <0.001
Fasting plasma glucose, mmol/l | 5.8 (1.2) 5.8(1.3) 5.8 (1.1) 5.9(1.2) 0.353
Hemoglobin Alc, % 5.7 (0.9) 5.7 (0.9) 5.7 (0.8) 5.7 (0.9) 0.348
[Hemoglobin Alc, mmol/mol] [38.8 (9.3)] [38.7 (9.6)] [38.7 (8.7)] [39.4 (9.6)] 0.372
Creatinine, pmol/l 74.4 (12.0) 73.7 (11.7) 74.6 (12.0) 76.8 (12.9) <0.001
eGFR*, ml/min/1.73 m? 68.9 (12.9) 71.2 (12.9) 67.6 (12.2) 62.9 (12.4) <0.001
g::j;siﬁe‘ab"“c diseases, n 245 (8.4) 133 (8.2) 79 (9.1) 33(7.6) 0.616°
Women
N, persons 3210 1899 985 326
Diagnosed as diabetes, n person* | 315 (9.8) 163 (8.6) 96 (9.7) 56 (17.2) <0.001°¢
Body mass index, kg/m? 22.9(3.1) 22.9(3.1) 22.9(3.0) 22.9(3.3) 0.95
Fasting plasma glucose, mmol/l | 5.6 (1.2) 5.5 (1.0) 5.6 (1.2) 6.0 (1.7) <0.001
Hemoglobin Alc, % 5.7 (0.8) 5.6 (0.8) 5.7 (0.8) 5.9 (1.0) <0.001
[Hemoglobin Alc, mmol/mol] [38.8 (8.7)] [38.4 (8.2)] [38.9 (8.7)] [40.8 (11.1)] <0.001
Creatinine, pmol/l 55.3(9.6) 54.6 (9.2) 56.0 (10.0) 57.3(10.3) <0.001
eGFR?, ml/min/1.73 m? 62.4 (12.7) 64.3 (12.5) 60.7 (12.5) 56.6 (11.8) <0.001
g:rrf(jg‘ﬁftab"hc diseases, n 221 (6.9) 113 (6) 74(7.5) 34 (10.4) 0.008

Table 1. Basic characteristics of the 6133 subjects according to the three age-groups with a normal creatinine
level (<115 pumol/I for men and < 106 pmol/l for women). Data are expressed as mean (standard deviation) or
* number (%). eGER estimated glomerular filtration rate. " Number of persons who have a history of at least
one chronic disease, including hypertension, hyperlipidaemia, cerebral stroke, myocardial infarction, and
angina pectoris based on self-reporting. ¥ p-value was calculated using one-way analysis of variance. ® p-value
was calculated using the x* test. * eGFR was calculated by following equations: 194 x serum creatinine™%%* x
age "2 for men and 194 x serum creatinine™%* x age™"?%7 x 0.739 for women, and adjusted by body-surface
area.

Medical Checkup Center Study and evaluated the role of ageing in the interrelation between diabetes and serum
creatinine levels.

Results

Among the 6133 study participants, the mean age of men was 69.8 years (standard deviation, SD: 4.3) and of
women was 69.4 years (SD: 3.8). Table 1 shows the characteristics of the study participants according to the three
age-groups. A total of 438 men (15.0%) and 315 women (9.8%) were diagnosed as diabetes. The prevalence of
diabetes in men were similar across age-groups; however, those in women were significantly different across
age-groups (8.6%, 9.7%, and 17.2%, respectively). The mean fasting plasma glucose (FPG) levels did not change
across age-groups in men, but these levels increased in women with ageing. The estimated glomerular filtration
rates decreased with ageing, and the creatinine levels increased in the late-elderly groups in both men and women.

Figure 1 shows the mean creatinine levels across the three age-groups of those without diabetes and those
with diabetes. In men and women of all age-groups, the mean creatinine levels tended to be lower in participants
with diabetes than in those without diabetes, and significant differences were observed in men belonging to the
early- and late-elderly groups, and in women belonging to the middle- and late-elderly groups. Compared with
those in the early- and middle-elderly groups, the differences in the mean creatinine between people without
diabetes and those with diabetes were higher in the late-elderly group (4.3 pmol/l in both men and women).

Figure 2 shows the linear regression line for creatinine levels against age stratified by diabetes status. The
creatinine levels were elevated with an increase in the age, and these trends were markedly observed in the non-
diabetic group. Compared with people without diabetes, the increased levels of creatinine in people with diabetes
were low in men and women. The oldest age was lesser in people with diabetes (men: 83 years and women: 86)
than in people without diabetes (men: 93 years and women: 91).

Figure 3 shows the adjusted odds ratios (ORs) with 95% confidence intervals (CIs) for the lowest quartile
of creatinine levels compared between participants without diabetes and those with diabetes by age group.
In men and women, the highest ORs were observed in the late-elderly group, and age- and body mass index
(BMI)-adjusted ORs were 2.50 (95% CI 1.99-4.50) in men and 2.88 (95% CI 1.47-5.64) in women. Statistically
significant interaction terms between the diabetes status and age were observed in the late-elderly group. This
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Figure 1. Boxplot of the creatinine levels across age-groups without diabetes (n=5380) and those with diabetes
(n=753). The dark grey diamonds represent the mean serum creatinine levels. The bottom and top of the

box represent the 25th and 75th percentiles, respectively, and the band near the centre of the box is the 50th
percentile (median). ‘Whiskers’ represent the maximum and minimum that extend 1.5 times the inter-quartile
ranges from the box edges. The vertical dashed line represents the mean creatinine across all participants by sex.
DM diabetes mellitus.

means that the effect of diabetes status on the creatinine levels was different across age-groups, which is more
prominent in older age.

Discussion

This study used a large cross-sectional dataset comprising people 65 years and older and showed that those with
diabetes had a higher prevalence of lower creatinine levels, which indirectly represented the amount of their
muscle mass, compared to those persons without diabetes. Further, this association was markedly seen in the
late-elderly group (75 years or older) than in the less aged groups. Thus, ageing may accelerate the cyclic interac-
tion between diabetes and muscle loss.

Based on the findings of this study and previous literature referenced, we suggest a vicious cycle between
diabetes and muscle loss: from diabetes to the loss of muscle mass and vice versa (Fig. 4). In these bidirectional
interactions, the right pathway is that diabetes potentially promotes the loss of muscle mass and strength'*!*. The
findings of this study support those of the previous studies. Other studies in Japan reported that hyperglycaemia
in non-obese patients with type 2 diabetes is the cause of low muscle mass levels'®. Furthermore, the pathway
in which hyperglycaemia induces skeletal muscle atrophy via the proteins WWP1/KLF15 were reported in an

Scientific Reports |

(2021) 11:15167 |

https://doi.org/10.1038/s41598-021-94441-9 nature portfolio



www.nature.com/scientificreports/

(a) men (b) women
1001 1001
-
-
-
3 801 - 3 801
: = :
= y =
[ )
£ £
--
$ 60 S 60 |
(&) O P
- —
40 40
65 70 75 80 85 90 65 70 75 80 85 90
Age, year Age, year
= = non-DM === DM = = non-DM === DM

Figure 2. Linear regression line for creatinine levels against age stratified by diabetes status in (a) men and (b)
women. The linear regression line with the natural spline function with 2 degrees of freedom was estimated
according to the diabetes status, and the shaded areas indicate a 95% confidence interval. The oldest age was
83 years in men with DM, 86 years in women with DM, 93 years in men without DM, and 91 years in women
without DM. DM diabetes mellitus.
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Figure 3. Adjusted odds ratios for low creatinine levels compared between participants without diabetes
(n=5380) and those with diabetes (n=753) in men and women. The model was adjusted for age and body mass
index. The low creatinine levels were defined as those which were less than the 25 percentile (25 percentiles were
61.9 pmol/l in men and 53.0 pmol/l in women, respectively). DM diabetes mellitus, PI p-value for the interaction
of the diabetes status and age-groups.
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Figure 4. The bidirectional interactions between diabetes and loss of muscle mass with ageing effects.

animal-based study'. In addition to these previous studies, this study showed that the association was prominent
in the late-elderly group (age>75 years) in both men and women.

The left pathway in the bidirectional interactions is that low muscle mass levels increase the risk of diabetes
(Fig. 4). Previous Japanese studies also reported that low creatinine levels were associated with an increased risk
of diabetes in Japanese men* and women?*'. In this study, we showed that the interactive associations between
diabetes and loss of muscle mass were different across the three age-groups, and the association was markedly
observed in the late-elderly group.

Ageing brings about changes in body composition, such as a decrease in glucose tolerance?, and an increased
risk of diabetes*. Additionally, ageing decreases physical activity and functionally reduces muscle mass, muscle
strength, and quality’. The mean daily step count of the middle-elderly people decreased by 18% from those of
the young people (20-64 years), and this decreased by 41% in the late-elderly people in Japan?. Although the
functional role of ageing in the association between diabetes and the loss of skeletal muscle is still to be explored,
ageing may be a driving force for accelerating the proposed vicious cycle (Fig. 4). The growing need for tailored
diabetes self-management is required for elderly people, and ageing, which increases the impact of diabetes on
the loss of muscle mass, should be considered.

Because of the cross-sectional nature of this study, we were not able to assess the effect of diabetes control on
serum creatinine levels. Good control of plasma glucose levels protects against the progression of both diabetic
nephropathy and muscle loss. Protection of the kidneys decreases the creatinine levels while that of muscle
mass increases it. The overall effect of diabetes control on creatinine levels is unclear and should be confirmed
in future longitudinal studies. Furthermore, the characteristics of the baseline participants differed between
men and women. For example, FPG and hemoglobin Alc (HbA1c) levels increased with age in women, but this
trend was not observed in men. In addition, the age distribution was different between men and women. The
proportion of women aged > 75 years was 10.2%, but in men it was 14.8%. Thus, attention should be paid when
generalising our results to other populations with different age and gender compositions.

This study has several limitations. Firstly, the study participants voluntarily participated in the health screen-
ing programme. Thus, they may represent healthier people than the general older population. In addition, there
may be a survival effect, in that more people with diabetes with renal failure may have died at an earlier age.
This phenomenon potentially could have reduced the proportion of very old people with diabetes with higher
creatinine levels, while increasing the proportion of those with lower creatinine levels. Secondly, creatinine levels
indirectly reflect the amount of muscle in the body when the kidneys are functioning “normally”, along with nor-
mal protein intake'®. In this study, we attempted to resolve this issue by excluding subjects with a high creatinine
level. Thirdly, glomerular hyperfiltration, which might have contributed to lower serum creatinine levels due to
pre-diabetes or diabetes, might have affected the results of this study. Hyperfiltration has been reported to be
related to a physiological decline in renal function during the process of ageing in diabetes?’. However, another
study reported a decreasing prevalence of hyperfiltration with increasing age in people with type 2 diabetes*.
Thus, the effects of this bias might be limited in our findings of age-related differences in creatinine levels between
people with and without diabetes. Fourthly, due to the cross-sectional nature of this study, we could not discuss
the causality and the pathway between diabetes and the loss of muscle mass. Further studies should evaluate the
role of ageing in the bidirectional interactions between diabetes and loss of muscle mass. Fifthly, we could not
obtain data on confounders, other than sex, BMI and history of cardiometabolic disease, so residual confound-
ers such as comorbidity, including frailty and cognitive dysfunction, lifestyle, including physical exercise and
smoking status, and concomitant medications should be considered in further studies. Finally, we used creatinine
level as a surrogate marker of body muscle mass. Creatinine levels have been used for this purpose in various

10-12

Scientific Reports |

(2021) 11:15167 | https://doi.org/10.1038/s41598-021-94441-9 nature portfolio



www.nature.com/scientificreports/

studies?®%, but they do not directly show the amount of muscle mass. To improve the precision of our results,

future studies utilising a direct measure of muscle volume should be conducted.

Since life expectancy is increasing globally, the population of older people with diabetes will increase. Ageing
may accelerate the loss of muscle mass among people with diabetes, which was supported in this study. Along
with this, decreasing muscle mass increases the risk of frailty or sarcopenia’®. To achieve successful ageing,
diabetes control, and increasing/maintaining skeletal muscle mass are essential.

Methods

Study subjects. This was a cross-sectional study, and the dataset of this study was derived from the health
screening programme implemented by the Yuport Medical Checkup Centre in Tokyo®. A total of 34,303 persons
voluntarily underwent a health check-up during the study period between April 1998 and March 2006. For the
study, we selected 6215 participants, who were aged 65 years or older and had no missing values for creatinine,
FPG, and HbAlc. We used the data for each participant during their first visit for their health check-up. To
eliminate those with kidney dysfunction, 82 subjects whose creatinine levels were not within the normal refer-
ence range (=115 pmol/l for men and>106 umol/l for women) or whose estimated glomerular filtration rate
(eGFR) was less than 15 indicating end-stage kidney disease were excluded. Finally, 6133 persons (2923 men and
3210 women) aged between 65 and 93 years were enrolled. All the check-up procedures were performed in the
same manner at the Centre following facility guidelines.

Diagnosis of type 2 diabetes. Type 2 diabetes was defined either as known diabetes, FPG>7.0 mmol/l,
and/or HbAlc level 26.5% (47.5 mmol/mol) according to the current criteria for diabetes by the American
Diabetes Association (ADA)? and the Japan Diabetes Society (JDS)*. Known diabetes was identified when the
presence of diabetes was reported by the participants at a medical interview irrespective of their FPG or HbAlc
levels. FPG and HbAlc in a blood sample were obtained at the Centre’s laboratory after a participant fasted
overnight, and these were measured using a Toshiba TBA-40FR Autoanalyser (Toshiba Medical Systems, Tokyo,
Japan). The JDS value of HbAlc was converted into the National Glycohemoglobin Standardization Program
(NGSP) units by using the following equation “in the range of JDS values <4.9%: NGSP (%) =JDS (%) +0.3%,
in the range of JDS values 5.0%-9.9%: NGSP (%) =JDS (%) +0.4%, and in the range of JDS values > 10%, NGSP
(%) =JDS (%) +0.5%".

Creatinine. Serum creatinine levels were measured using enzymatic methods (reagents supplied by Mitsubi-
shi Kagaku Iatron Inc., Tokyo, Japan).

Statistical analysis. Since creatinine levels differ between sexes, all analyses were conducted separately in
men and women. First, we classified the study participants into three age-groups: 65-69 years as early-elderly,
70-74 years as middle-elderly, and > 75 years as late elderly. Analysis of covariance (ANCOVA) tests were used
to compare the mean of each value across the three age-groups, and x? tests were used for analysis of the count
data. Second, we described the characteristics of the study participants according to these three age-groups. We
then compared the creatinine levels between people without diabetes and those with diabetes according to each
age group by the ¢ test. Third, we classified the participants according to their diabetes status and evaluated the
trend of creatinine levels based on age. In this analysis, age was treated as a continuous variable and was entered
into the linear regression model with a natural spline function with 2 degrees of freedom. Finally, to evaluate
the association of the diabetic status with the occurrence of the lowest creatinine levels in each age group, we
calculated the OR and 95% CI of the lowest creatinine level in people with diabetes compared to those without
diabetes, using logistic regression. The lowest creatinine level was defined as that when a person’s creatinine level
was less than or equal to the 25 percentile. The inter-quartile range of creatinine levels was 61.9-79.6 pmol/l in
men and 53.0-61.8 umol/l in women, respectively. In the model, we entered the age and BMI, which was cal-
culated as weight (kg) divided by height square (m?) as potential confounders. We also evaluated the statistical
interaction between the diabetic status and age-groups at a significance level of 0.10, by including an interaction
term in the model®. R version 4.0.2 software (R Foundation for Statistical Computing, Vienna, Austria) and
SPSS software (version 26.0], IBM Corp., Armonk, NY, USA) were used for the analyses. A p-value of less than
0.05 was considered statistically significant.

Ethics declarations. This study was performed in line with the principles of the Declaration of Helsinki.
This study was approved by the institutional review board of the Teikyo University School of Medicine (No.
15-205) and Hiroshima University (No. E-1999).

Consent to participate. For anonymous participation in epidemiological research, informed consent was
obtained at every checkup.

Data availability
The data that support the findings of this study are available from the corresponding author and authors upon
reasonable request.
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