\

?M/
i \\\\

12

S

UNIVERSITY
OF TURKU

This is a self-archived — parallel-published version of an original article. This

version may differ from the original in pagination and typographic details.

When using please cite the original.

AUTHOR

TITLE

YEAR

DOI

VERSION

CITATION

Tiainen K, Raitanen J, Strandberg T, Koskinen S,
Stenholm S.

Type 2 Diabetes as a Predictor of Muscle
Strength Decline over 11 years among Men and
Women Aged 55 Years and Older.

2021

https://doi.org/10.1159/000518268

Final Draft (AAM)

Tiainen K, Raitanen J, Strandberg T, Koskinen S,
Stenholm S: Type 2 Diabetes as a Predictor of
Muscle Strength Decline over 11 years among
Men and Women Aged 55 Years and Older.
Gerontology 2021. doi: 10.1159/000518268


https://doi.org/10.1159/000518268

[ER

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Type 2 diabetes as a predictor of muscle strength decline over 11 years among men and

women aged 55 and older

Kristina Tiainen 2 Jani Raitanen #°, Timo Strandberg ¢, Seppo Koskinen ¢, Sari Stenholm 9

4Faculty of Social Sciences, Unit of Health Sciences and Gerontology Research Center,
Tampere University, Finland

b UKK Institute for Health Promotion Research, Tampere, Finland

¢ Center for Life Course Health Research, University of Oulu, Oulu, Finland

dClinicum, University of Helsinki and Helsinki University Hospital, Helsinki, Finland

¢ Department of Public Health Solutions, National Institute for Health and Welfare, Helsinki,
Finland

"Department of Public Health, University of Turku and Turku University Hospital, Turku,
Finland

9 Centre for Population Health Research, University of Turku and Turku University Hospital,

Finland

Corresponding author:

Dr. Kristina Tiainen

Faculty of Social Sciences, Unit of Health Sciences and Gerontology Research Center,
Tampere University

33014 Tampere University, Finland

Tel: +358 40 190 1648

E-Mail: kristina.tiainen@tuni.fi




25

26

27

28

29

30

Keywords: longitudinal study, muscle functions, ageing, chronic condition
Short title: Type 2 diabetes and muscle strength decline

Number of Tables: 2

Number of Figures: 1

Word count: 3 983



31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

Abstract

Background: Long-term associations between type 2 diabetes, pre-diabetes and muscle
strength are obscure in older adults. The aim of this study was to examine type 2 diabetes as a
predictor of handgrip strength decline during an 11-years follow-up among men and women
aged 55 years.

Methods: We used Finnish population-based Health 2000 Survey and its follow-up
measurements in 2011. The study population consisted of 1190 individuals, aged 55-86 years
at baseline. Baseline fasting glucose level or use of diabetes medication were used to categorize
the participants into diabetes (>7.0 mmol/l), pre-diabetes (>6.1 mmol/l but < 7.0 mmol/l) and
non-diabetes (<6.1 mmol/l) groups. Handgrip strength was measured at baseline and during 11-
year follow-up.

Results: Mean handgrip strength at baseline did not differ between diabetes groups in men or
women. Among men during the 11-year follow-up, decline in muscle strength was significantly
greater among diabetes group (-121.1 Newton [N], 95% CI -164.7 to -77.5) compared to non-
diabetes group (-88.9 N, 95% CI -125.7 to -52.1) after adjusting for age, education, lifestyle
factors and chronic conditions. Among women, muscle strength decline did not differ between
diabetes, pre-diabetes or non-diabetes group after adjusting for all potential covariates, the
results being -48.1 N (95% CI -73.8 to -22.3), -35.5 N (95% CI -62.9 to -8.1) and -39.4 N (95%
Cl -64.4 to -14.3), respectively.

Conclusions: The presence of type 2 diabetes was associated with greater muscle strength

decline among older men but not among older women.
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Introduction

Type 2 diabetes is a common metabolic disease which prevalence increases with age. It has
been estimated that the proportional increase in the number of people with diabetes will be the
largest among persons aged 60-79 in the upcoming years [1]. Diabetes is a growing public

health concern, but it also affects negatively older people’s functioning and quality of life.

Type 2 diabetes is associated with muscle dysfunction [2], both functional [3-5] and cognitive
[4] impairments, and increased risk of other chronic conditions, such as cardiovascular diseases
[6, 7], sarcopenia [8] and frailty [9]. The pathogenesis, which can lead to functional limitation
and disability among diabetics, is complex and still poorly understood. Diabetes is preceded by
glucose metabolism dysregulation and insulin resistance, and individuals with pre-diabetes
status [10] with impaired fasting glucose (usually defined as >6.1 mmol/L but <7.0 mmol/L)
are at higher risk to progress to type 2 diabetes. Both pre-diabetes and diabetes are more

common in older than in younger individuals [2].

Skeletal muscle is the major site of glucose uptake and it has a critical role in maintaining blood
glucose homeostasis. In turn glucose is necessary for muscle contraction. Insulin increases
glucose uptake and helps to regulate protein metabolism in the muscle [11, 12]. Insulin can also
repress the whole-body proteolysis and in that way induce an anabolic state [11, 13, 14] . Insulin
resistance could be a predictor of poor muscle health, irrespective of diabetes status. With aging,
the secretion of insulin decreases [15] . The ability of insulin to stimulate skeletal muscle
glucose transport is impaired in individuals with type 2 diabetes [11] and the effects of insulin
in tissue are weaker than normally. In addition to glucose metabolism dysregulation and insulin
resistance, also muscle fat infiltration? and low-grade chronic inflammation [16, 17] have been

shown to be associated with the muscle strength decline among people with type 2 diabetes.
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Earlier cross-sectional studies [18, 19, 20] have found a strong relationship between type 2
diabetes and lower muscle strength among people aged 65 and older. Thus, in addition to the
fundamental biological mechanisms of diabetes to the muscle, it is possible that diabetes can
also accelerate the age-related loss of muscle mass and muscle strength. However, very little
research has been conducted on the role of type 2 diabetes on muscle strength decline. Park et
al. [17] showed that during a three-year follow-up, 70 to 79-year old people with diabetes lost
almost 14% of knee extensor strength while the loss among those without diabetes was 9%.
However, the changes in hand grip strength during the follow-up did not differ between those

with and without diabetes [17].

Since the deteriorating effect of type 2 diabetes on muscle strength may aggravate over time, it
would be important to examine long-term effects of type 2 diabetes on muscle strength decline.
To the best of our knowledge, however, there are no previous studies analyzing how type 2

diabetes, and pre-diabetes, affect muscle strength over a longer time period.

By utilizing longitudinal data from the Finnish Health 2000 Survey, a representative population-
based cohort, we investigated the associations between type 2 diabetes and pre-diabetes and
handgrip strength decline over an 11-year follow-up among men and women aged 55 years and
older at baseline. Our hypothesis was that older adults with type 2 diabetes and pre-diabetes

would have a greater decline in muscle strength than people with normal glucose metabolism.
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Material and methods

Study population

This study is based on the Health 2000 Survey, which is a comprehensive nationwide health
interview and examination survey carried out in Finland in 2000-2001 and its follow-up
measurements 11 years later in 2011-2012. All persons who had been included in the Health
2000 Survey sample and had not refused further contacts were re-invited 11 years later. Details
of the design and implementation of the Health 2000 Survey and its follow-up have been
reported elsewhere [21, 22]. The original Health 2000 Survey was based on two-stage stratified
cluster sample comprising 8,028 adults aged 30 years or older (of which 3392 were 55 years
and older), living in mainland Finland either in the community or in an institution. Of them
5903 participated in the follow-up 11 years later (73% participation rate) [22]. For the present
study, the target population were participants who were 55 years or older, had information on
type 2 diabetes and handgrip strength measured at baseline (n=2792). Of them 1200 also had
handgrip strength measured in 2011. After excluding 10 outliers i.e. participants whose
standardized change of muscle strength (z-score) was under -3.29 or over 3.29, the analyses

covered 1190 participants.

All participants signed a written informed consent form approved by the Ethical Committee for

Epidemiology and Public Health in the Hospital District of Helsinki and Uusimaa in Finland.

Assessment of diabetes status

Diabetes status (diabetic, pre-diabetic, non-diabetic) was defined at the baseline and after 11-
year follow-up based on the level of fasting glucose or the information about the diabetes
medication. Fasting blood samples were drawn during the clinical examination. The samples

were centrifuged at the examination site, stored in deep freezers at -20°C, and transferred within
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1 week to the National Public Health Institute to be stored in deep freezers at -70°C until used
for laboratory analysis. Level of fasting glucose was determined using the glucose
dehydrogenase method (Diagnostica, Merck, Darmstadt, Germany) and radioimmunoanalysis
(Pharmacia, Uppsala, Sweden), respectively. The interassay coefficient of variation for glucose
was 2.0%. The participant was considered to have diabetes, if fasting glucose was 7.0 mmol/I
or more. Pre-diabetes, impaired fasting glucose, was defined as fasting glucose >6.1 mmol/l but
<7.0 mmol/l and non-diabetes as fasting glucose <6.1 mmol/l [10]. If there was no data on the
participant’s fasting glucose (n=6), information about diabetes medications from the health
questionnaire was used. The participant was considered to have diabetes if she/he reported

taking any medication for diabetes.

Measurement of muscle strength

Maximal handgrip strength was measured using a dynamometer on the dominant hand in a
sitting position. The dominant hand was defined as the writing hand. Measurement was repeated
twice and if the results differed more than 10%, a third attempt was conducted. The best result
was chosen for the analysis. At the baseline, the measurement was conducted with an adjustable
dynamometer (Good Strength, 1GS01, Metitur Oy, Jyvéskyld, Finland) and results were
recorded in kilograms (kg). At the follow-up, handgrip strength was measured using a hand-
held Jamar/Saehan dynamometer (Sammong Preston Rolyan 2003) because Metitur’s
dynamometer was no longer available. In Jamar/Saehan dynamometer the result was recorded
in Newtons (N) [23]. In order to calculate the muscle strength change between the follow-up
and baseline measures and compare the strength results, kilograms were converted to Newtons

by multiplying with 9.81.
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To assess the comparability of the two handgrip strength measurement devices, 40 volunteers
were measured with both dynamometers. The statistical comparison was conducted using
Ordinary Least Products (OLP) regression method [24]. The Intraclass Correlation Coefficient
(ICC) estimates varied from 0.81 (only women) to 0.96 (men and women), indicating fair to
excellent agreement?®. Based on these results, it was feasible to calculate the absolute handgrip

strength change between the baseline and follow-up measurements.

Covariates

Based on the association with type 2 diabetes and hand grip strength, the following covariates
were included: education, body mass index (BMI), hormone replacement therapy (HRT),
physical activity, alcohol consumption, smoking, and chronic conditions. Except for BMI,
information on all these variables was collected with questionnaire at the baseline. Information

of BMI, physical activity and chronic conditions at follow-up were also utilized in the analysis.

The level of education was classified as basic education (0-9 years), intermediate education (10-
12 years) and higher education (13 years or more). To calculate BMI, body weight was
measured a part of body composition assessment (InBody 3.0, Biospace, Soul, South Korea) in
kilograms (kg) and height was measured without socks, using a wall-mounted stadiometer (cm).
If measured data were missing, self-reported information about weight and height were used.
BMI was calculated as weight in kilograms divided by the square of height in meters (kg/m?).
Based on the self-reported information about use of HRT at baseline, female participants were
classified as HRT users, former users and non-users. Physical activity was classified as
sedentary, moderately active or regular/very active based on a physical activity questionnaire
in which participants assessed their average level of physical activity. Alcohol consumption was

assessed as average weekly consumption (grams/week) during the preceding month and
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classified as no alcohol use, moderate use and heavy use. The limit for heavy alcohol use was
set at 280 g/week for men and 140 g/week for women [25]. Smoking status was classified into
never smokers, former smokers and current smokers. Chronic conditions used in the present
study were hypertension, coronary heart disease (angina pectoris or myocardial infarction),
heart failure, osteoarthritis (knee or hip), inflammatory arthritis, pulmonary diseases (asthma,
chronic obstructive pulmonary disease, and chronic bronchitis), stroke, Parkinson’s disease,

chronic mental disorders and cancer.

Statistical analysis

Characteristics of the participants are presented as percentages or means with standard errors
of the means (SEM) by diabetes status and separately for men and women. Differences in
characteristics between the groups were determined using one-way analysis of variance
(ANOVA) for continuous variables and chi-squared test (x?) for categorical variables. Average

level of muscle strength by sex and diabetes status was examined with ANOVA.

Muscle strength change was calculated as a difference between muscle strength in 2011 and in
2000. This variable was used as an outcome in linear regression analyses where diabetes status
was a predictor. Unstandardized regression coefficients with their 95% confidence intervals
(CI) were estimated for four different models. In Model 1, the independent variables were
diabetes status and baseline muscle strength. In Model 2, age and education were added. In
Model 3, baseline BMI, HRT, physical activity, alcohol consumption and smoking status were
added and in Model 4 also baseline chronic conditions were included. In Model 5 also follow-
up diabetes status was added. Linear regression models were performed separately for men and

women because the effect of diabetes was different for women than men (sex * diabetes
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interaction, p= 0.007). Because of multiple comparisons for the group variable, the Bonferroni

adjustment was used for correcting the significance level.

Participants aged 80 years or older were oversampled (2:1) in relation to their proportion in the
population at baseline Health 2000 Survey. The data were weighted to reduce bias due to
nonresponse and to correct the oversampling in the age group of 80 years and older in order to
represent the Finnish population. The complex sampling design was taken into account by using
a special package for complex samples in SPSS, version 22.0 (SPSS Inc., Chicago, IL), and by

using survey procedures (svy prefix command) in Stata 14.0 (College Station, Texas).
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Results

Table 1 shows characteristics of the participants by sex and baseline diabetes status. At baseline,
8% of men and 6% of women had diabetes and 16% and 11% had pre-diabetes, respectively.
The mean age for men was slightly lower (62.9 years; 95% CI 62.4-63.4) than in women (63.8
years; 95% CI 63.3-64.3), but age did not differ across diabetes groups in men or women. Men
and women with diabetes were more often obese (BMI >30 kg/m?) than pre-diabetes and non-
diabetes individuals (men: diabetes 47%, pre-diabetes 33%, non-diabetes 20%, women:
diabetes 61%, pre-diabetes 34%, non-diabetes 29%). Men and women with diabetes had more
hypertension and heart failure as compared to men and women without diabetes. In addition,
osteoarthritis was more common among men with diabetes than men with pre-diabetes or non-
diabetes. Among women, current use of HRT differed statistically significantly between groups

being 37%, 32% and 20% in women with diabetes, pre-diabetes and non-diabetes, respectively.

At baseline, mean handgrip strength did not differ between men with diabetes, pre-diabetes and
non-diabetes (445.7 N, 95% CI 426.4- 465.1; 446.6 N, 95% CI 427.3-466.0; 448.5 N, 95% ClI
438.7-458.4, Fig. 1, Supplementary Fig 1). During the 11-year follow-up, decline in muscle
strength was statistically significantly greater among men with diabetes (-97.4 N, 95% CI -
116.6 to -78.2) as compared with non-diabetes men (-64.7 N, 95% CI -73.6 to -55.8) (Table 2,
Model 2). Percentual decline in muscle strength for men with diabetes, pre-diabetes and non-
diabetes was 22%, 18% and 14%, respectively. The statistically significant difference in muscle
strength decline between diabetic and non-diabetic men persisted after further adjustments for
lifestyle factors (Model 3) and chronic conditions (Model 4). The muscle strength decline in
the pre-diabetes group did not differ statistically significantly from diabetes or non-diabetes

groups in men in any model.
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Also, in women, the mean handgrip strength at baseline did not differ between diabetes pre-
diabetes and non-diabetes groups (244.3 N, 95% CI 212.7-266.0; 255.3 N, 95% CI 240.7-270.0;
254.2 N, 95% CI 248.6- 259.9, Fig. 1, Supplementary Fig. 1). Muscle strength decline during
11 years did not differ between diabetes, pre-diabetes or non-diabetes women being -25.7 N
(95% CI -38.9 to -12.4), -16. 8 N (95% CI -26.9 to -6.7) and -20.8 N (95% CI -25.2 to -16.3)
respectively (Table 2, Model 2). During the 11-year follow-up, the muscle strength decline for
women with diabetes, pre-diabetes and non-diabetes was 11%, 7% and 8%, respectively. After
further adjustments for lifestyle factors, HRT and chronic conditions (Model 3 and Model 4),

the differences between groups for women did not markedly change.

During an 11-year-follow-up the prevalence of diabetes increased both among men and women
being 18% for men and 14% for women. Respectively, the prevalence of pre-diabetes decreased
during the follow-up being 9% for men and 5% for women. To take into account the changes
in diabetes status, we further adjusted the analysis for diabetes status at follow-up. However, it
did not markedly change the differences between diabetes, pre-diabetes and non-diabetes group

either in men or women (Table 2, Model 5).

To examine the role of selection in this study population, participants with follow-up
measurements were compared to those who only participated in the baseline measurements.
Among men, there was no difference in diabetes status at baseline (16% pre-diabetes and 8%
diabetes among participants; 16% pre-diabetes and 13% diabetes among non-participants).
Male participants of this study were statistically significantly younger (62.7, 95% CIl 62.1-63.3
vs. 65.0, 95% CI 64.0-66.0) and had higher handgrip strength (448.0 N 95% CI 439.9-456.1 vs.
417.5 N, 95% CI 404.8-430.2) compared to those who were lost to follow-up. Among women,

the baseline prevalence of diabetes (6% vs. 10%, p=0.002) and pre-diabetes (11% vs. 14%,
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p=0.002) was significantly lower among participants compared to those who were lost to
follow-up. Female participants of this study were also statistically significantly younger (63.5,
95% CI 63.1-64.0 vs. 67.6, 95% CI 66.9-68.3) and had higher (253.8 N, 95% CI 249.1-258.5

vs. 228.4 N, 95% CI 222.0-234.8) baseline handgrip strength than non-participant women.
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Discussion

This study examined type 2 diabetes and pre-diabetes as predictors of muscle strength decline
during an 11-year follow-up among Finnish men and women aged 55 years and older. We
observed that type 2 diabetes predicts muscle strength decline among men aged 55 years and

older but not among women.

The findings of this study add evidence on sparsely studied longitudinal relationship between
diabetes and muscle strength decline. Previously Park et al. [17] have studied the association
between diabetes and muscle strength decline in a 3-year follow-up in the Health, Aging and
Body Composition Study, and they found that people aged 70-79 years with diabetes lost almost
14% of knee extensor strength compared with those without diabetes who lost 9% [17].
However, they did not separate the effects in men and women, so direct comparison to our study
is difficult. In the current study, the average decline in handgrip strength was 17% in diabetes
and 11% in non-diabetes individuals when men and women were considered together. Our
study is the first one to report accelerated decline in muscle strength among men with type 2
diabetes compared to non-diabetes men. We did not find an association between diabetes status
and muscle strength decline in women, which is in line with the prospective study by Lee et al

[26].

In terms of the baseline differences, we did not find an association between baseline diabetes
status and muscle strength in men or in women, which is partly in line with the study by Park
et al [27] conducted among persons aged 70-79 years. They found that muscle strength did not
significantly differ between diabetes and non-diabetes women but did differ in men. Some
studies have observed a cross-sectional association between diabetes and muscle strength [19,

20, 28]. The discrepancy with our findings may result from the fact that we only included those
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participants who participated in the follow-up, and they were younger, had better handgrip

strength compared to those who dropped out during the study.

In the present study, we also examined the group of pre-diabetes. Pre-diabetes is commonly
defined as blood glucose concentrations higher than normal, but lower than diabetes threshold.
In our study, muscle strength decline in individuals with pre-diabetes did not differ statistically
significantly from those with diabetes or non-diabetes. In addition, we did not observe
differences in lifestyle factors between diabetes, pre-diabetes and non-diabetes individuals.
However, the state of pre-diabetes is important to observe because persons with pre-diabetes

status have a high risk to develop type 2 diabetes without lifestyle changes [29, 30].

There may be several plausible explanations why we did not observe differences in muscle
strength decline in diabetes, pre-diabetes and non-diabetes women. First, women diagnosed
with diabetes may be taking better care of themselves and women’s attitude for lifestyle changes
could be more positive than in men’s. However, the results about the association between sex
and preference of adherence to lifestyle and medical interventions are conflicting [31]. Another
potential explanation may be menopause and HRT. During menopause, changes in steroid
hormones, metabolic profile, body composition and fat distribution happen in women’s body,
which may also have also effect on muscle mass and muscle strength. Earlier studies have
shown that increased estrogen levels with HRT helps to maintain better muscle composition
and function [32, 33, 34]. In our study, there was a statistically significant difference in use of
HRT between women with diabetes, pre-diabetes and non-diabetes at baseline so that HRT use
was more common in diabetes and non-diabetes groups than those with pre-diabetes status.

However, since we did not have information HRT use during the 11-year follow-up, we cannot
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be sure about the role of HRT on the association between diabetes status and muscle strength

decline.

Handgrip measurements is a reliable and widely used strength measurement which roughly
reflects the level of whole-body muscle strength [35, 36]. However, the decrease in muscle
strength with aging could differ between muscle groups and also diabetes can affect muscles in
the upper and lower extremities differently. The results from the study by Andersen et al. [37]
showed that type 2 diabetic patients younger than 70 years experienced weakness in the muscles
of ankle and knee, whereas the strength at the muscles of elbow and wrist was preserved.
Similarly, Park et al [17, 38] showed that among 70-79 year-old adults type 2 diabetes was
associated with 3-year decline in knee extensor strength, but not decline in handgrip strength.
In the cross-sectional study by Andersen et al. [37] older patients with type 2 diabetes had lower
muscle strength at the ankle and knees but not at the elbow and wrist compared to people
without diabetes. Earlier studies [39, 40] have shown that with aging muscle strength in lower
extremities decreased more than muscle strength in upper extremities. However, the presence
and severity of peripheral neuropathy related to diabetes could also have effect on differences
in muscle strength and muscle strength decline in upper and lower extremities. Further studies

are needed to examine long-term changes in lower extremity strength by diabetes status.

Strengths of this study include a long follow-up time and a nationally representative large
sample of older adults. In the present study, diabetes status was defined at baseline and at
follow-up based on the level of fasting glucose or the information about the diabetes
medication. Used definition of diabetes status is valid and widely used [10]. However, we did

not have information about the duration of type 2 diabetes, severity of the disease or the



339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359
360

17

therapeutic status, which could have an effect on muscle strength and changes in muscle

strength.

The present study also has some limitations. First, loss due to follow-up resulted in relatively
younger and healthier sample. Thus, it is likely that the observed rate of muscle strength decline
is underestimated, especially in the diabetes group. Second, despite long follow-up time of our
study, 11 years, we had only two measurement points. Many changes that may have effect also
on muscle strength could be happed during such a long time e.g. changes in lifestyle factors or
health status. Multiple measurement point could have been strengthening our findings. Third,
clear limitation of this study was that at the follow-up 2011 only women below the age of 70
years were asked about menstruation and menopause, as well as hysterectomy and hormone
replacement therapy. Based on that limitation in data collection, we did not have information

about use of HRT in the follow-up situation.

In conclusion, we found that type 2 diabetes was associated with accelerated muscle strength
decline over 11-years of follow-up in men aged 55 years and older. Since muscle strength is a
prerequisite for physical functioning, individuals with diabetes may be at greater risk of
developing disabilities in mobility and functioning [5, 20]. Therefore, it is of great importance
to prevent development of type 2 diabetes and among those with diabetes emphasize should be

placed to adequate strength training to counteract the muscle strength decline.



361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

18

Acknowledgements

We thank all the participants for their contributions to this study.

Statement of Ethics

All participants signed a written informed consent form approved by the Ethical Committee for

Epidemiology and Public Health in the Hospital District of Helsinki and Uusimaa in Finland.

Conflict of Interest Statement

The authors have no conflicts of interest to declare.

Funding Sources

This research did not receive any specific grant from funding agencies in the public,

commercial or not-for-profit sectors.

Authors Contributions

Study concept and design: K. Tiainen, S. Stenholm

Drafting of the manuscript: K. Tiainen

Statistical analysis and interpretation: K. Tiainen, J. Raitanen, S. Stenholm

Revision of the manuscript: K. Tiainen, J. Raitanen, T. Strandberg, S. Koskinen, S. Stenholm

Approval of the manuscript: K. Tiainen, J. Raitanen, T. Strandberg, S. Koskinen, S. Stenholm



383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

19

REFERENCES

1. Guariguata L, Whiting DR, Hambleton I, Beagley J, Linnenkamp U, Shaw JE. Global
estimates of diabetes prevalence for 2013 and projections for 2035. Diabetes Res Clin Pract

2014;103:137-49.

2. Bianchi L, Volpato S. Muscle dysfunction in type 2 diabetes: a major threat to patient’s

mobility and independence. Acta Diabetol 2016; 53:879-89.

3. Bianchi L, Zuliani G, Volpato S. Physical disability in the elderly with diabetes:

Epidemiology and mechanisms. Curr Diab Rep 2013;13:824-30.

4. Chau PH, Woo J, Lee CH, et al. Older people with diabetes have higher risk of depression,
cognitive and functional impairments: Implications for diabetes services. J Nutr Health Aging

2011;15:751-55.

5. Wong E, Backholer K, Gearon E, et al. Diabetes and risk of physical disability in adults: A

systematic review and meta-analysis. Lancet Diabetes Endocrinol 2013;1:106-14.

6. Barr EL, Zimmet PZ, Welborn TA, et al. Risk of cardiovascular and all-cause mortality in
individuals with diabetes mellitus, impaired fasting glucose, and impaired glucose tolerance:

The australian diabetes, obesity, and lifestyle study (AusDiab). Circulation 2007;116:151-57.

7. Celis-Morales CA, Petermann F, Hui L, et al. Associations between diabetes and both
cardiovascular disease and all-cause mortality are modified by grip strength: Evidence from

UK biobank, a prospective population-based cohort study. Diabetes Care 2017;40:1710-18.

8. Murata Y, Kadoya Y, Yamada S, Sanke T. Sarcopenia in elderly patients with type 2

diabetes mellitus: prevalence and related clinical factors. Diabetol Int2017; Oct 20;9:136-42.



404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

20

9. Barzilay JI, Blaum C, Moore T, et al. Insulin resistance and inflammation as precursors of

frailty: The cardiovascular health study. Arch Intern Med 2007;167:635-41.

10. World Health Organization. Definition and diagnosis of diabetes mellitus and

intermediate hyperglycemia. Report of a WHO/IDF consultation. 2006.

11. Evans PL, McMillin SL, Weyrauch LA, Witczak CA. Regulation of Skeletal Muscle

Glucose Transport and Glucose Metabolism by Exercise Training. Nutrients 2019; 11, 2432

12. Cleasby ME, Jamieson PM, Atherton PJ. Insulin resistance and sarcopenia: mechanistic

links between common co-morbidities. J Endocrinol 2016; 229: R67-R81.

13. Bassil MS, Gougeon R. Muscle protein anabolism in type 2 diabetes. Curr Opin Clin Nutr

Metab Care 2013;16:83-8.

14. Kalyani R, Metter E, Egan J, Golden S, Ferrucci L. Hyperglycemia predicts persistently

lower muscle strength with aging. Diabetes Care 2015;38:82-90.

15. Chang A, Halter J. Aging and insulin secretion. Am J Physiol Endocrinol 2003;284:E7-

El2.

16. Figaro MK, Kritchevsky SB, Resnick HE et al. Diabetes, inflammation, and functional
decline in older adults: findings from the Health, Aging and Body Composition (ABC) study.

Diabetes Care 2006; 29 :2039-45.

17. Park SW, Goodpaster BH, Strotmeyer ES, et al. Accelerated loss of skeletal muscle
strength in older adults with type 2 diabetes: The health, aging, and body composition study.

Diabetes Care 2007;30:1507-12.



424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

21

18. Abbatecola AM, Ferrucci L, Ceda G, et al. Insulin resistance and muscle strength in older

persons. J Gerontol A Biol Sci Med Sci 2005;60:1278-82.

19. Kim KS, Park KS, Kim MJ, Kim SK, Cho YW, Park SW. Type 2 diabetes is associated

with low muscle mass in older adults. Geriatr Gerontol Int 2014;14 Suppl 1:115-21.

20. Leenders M, Verdijk LB, van der Hoeven L, et al. Patients with type 2 diabetes show a
greater decline in muscle mass, muscle strength, and functional capacity with aging. J Am

Med Dir Assoc 2013;14:585-92.

21. Aromaa, A, Koskinen, S. Ed. Health and functional capacity in Finland. Baseline results
of the Health 2000 health examination survey. Helsinki: Publications of the National Public

Health Institute B12/2004; 2004.

22. Koskinen, S, Lundgvist, A, Ristiluoma, N. Ed. Health, functional capacity and welfare in
Finland in 2011. Helsinki: National Institute for Health and Welfare (THL), Report 68/2012;

2012.

23. Sainio, P, Harkédnen, T, Stenholm, S. Comparability of the results between Health 2000
and Health 2011 surveys. In: Lundqvist, A, Mé&ki-Opas, T. Ed. Health 2011 survey - methods.

Helsinki: National Institute for Health and Welfare (THL), Report 8/2016; 2016:148-51.

24. Ludbrook J. Statistical techniques for comparing measurers and methods of measurement:

A critical review. Clin Exp Pharmacol Physiol 2002;29:527-36.

25. Sanchez-Craig M, Wilkinson DA, Davila R. Empirically based guidelines for moderate
drinking: 1-year results from three studies with problem drinkers. Am J Public Health

1995;85:823-28.



445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

22

26. Lee CG, Schwartz AV, Yaffe K, et al. Changes in physical performance in older women

according to presence and treatment of diabetes mellitus. J Am Geriatr Soc 2013;61:1872-78.

27. Park SW, Goodpaster BH, Strotmeyer ES, et al. Decreased muscle strength and quality in
older adults with type 2 diabetes: The health, aging, and body composition study.

Diabetes2006;55:1813-18.

28. Peterson MD, Zhang P, Choksi P, Markides KS, Al Snih S. Muscle weakness thresholds

for prediction of diabetes in adults. Sports Med 2016;46:619-28.

29. Ghody P, Shikha D, Karam J, Bahtiyar G. Identifying prediabetes - is it beneficial in the

long run? Maturitas 2015;81:282-86.

30. Tabak AG, Herder C, Rathmann W, Brunner EJ, Kivimaki M. Prediabetes: A high-risk

state for diabetes development. Lancet 2012;379:2279-90.

31. Harreiter J, Kautsky-Willer A. Sex and gender differences in prevention of type 2

diabetes. Front Endocrinol 9:220, doi:10.3389/fendo.2018.00220

32. Pollanen E, Fey V, Tormakangas T, et al. Power training and postmenopausal hormone
therapy affect transcriptional control of specific co-regulated gene clusters in skeletal muscle.

Age (Dordr) 2010;32:347-63.

33. Qaisar R, Renaud G, Hedstrom Y, et al. Hormone replacement therapy improves
contractile function and myonuclear organization of single muscle fibres from

postmenopausal monozygotic female twin pairs. J Physiol 2013;591:2333-44.

34. Sipila S, Finni T, Kovanen V. Estrogen influences on neuromuscular function in

postmenopausal women. Calcif Tissue Int 2015;96:222-33.



466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

23

35. Bohannon RW. Muscle strength: Clinical and prognostic value of hand-grip

dynamometry. Curr Opin Clin Nutr Metab Care 2015;18:465-70.

36. Stevens PJ, Syddall HE, Patel HP, Martin HJ, Cooper C, Aihie Sayer A. Is grip strength a
good marker of physical performance among community-dwelling older people? J Nutr

Health Aging 2012;16:769-74.

37. Andersen H, Nielsen S, Mogensen CE, Jakobsen J. Muscle strength in type 2 diabetes.

Diabetes 2004;53:1543-48.

38. Park SW, Goodpaster BH, Lee JS, et al. Excessive loss of skeletal muscle mass in older

adults with type 2 diabetes. Diabetes Care 2009;32:1993-97.

39. Hughes VA, Frontera WR, Wood M et al. Longitudinal muscle strength changes in older
adults: influence of muscle mass, physical activity, and health. J Gerontol A Biol Sci Med Sci

2001;56: B209-17.

40. Doherty TJ. Physiology of Aging Invited Review: Aging and sarcopenia. J Appl Physiol

2003; 95: 1717-27.



481

482

483

Figure Legend

Fig. 1. Unadjusted handgrip strength at baseline and 11-year follow-up among men and

women with diabetes, pre-diabetes, non-diabetes at baseline.
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Table 1. Baseline characteristics of the participants by sex and diabetes status in the Health 2000 Survey.

MEN (n=514) WOMEN (n=676)
Diabetes  Pre-diabetes Non-diabetes p-value Diabetes  Pre-diabetes Non-diabetes p-value
(n=43) (n=82) (n=389) (n=39) (n=77) (n=560)

Age, years: mean (SEM) 62.8 (1.06) 62.9 (0.70) 62.6 (0.34) 0.940 64.3(0.96) 64.0(0.77) 63.4 (0.27) 0.557
BMI, kg/m?2: mean (SEM) 29.6 (0.54) 29.0(0.53) 27.1(0.19) <0.001 31.6(0.71) 29.1(0.49) 27.5(0.19) <0.001
Education, % 0.12 0.11

0-9 years 68.9 61.3 58.9 67.0 66.2 55.9

10-12 years 24.2 15.9 17.8 21.3 24.6 23.8

13 years or more 6.9 22.8 23.4 11.7 9.2 20.3

Missing, n 1 0 7 0 0 6
Hormone Replacement 0.03
Therapy, %

Current user 31.6 19.7 37.0

Former user 8.1 18.5 13.9

Non-user 60.3 61.8 49.1

Missing, n 0 0 )
Physical Activity, % 0.29 0.29

Sedentary 24.6 20.3 14.8 26.5 28.6 20.5

Moderate 59.1 58.6 59.7 62.7 64.8 66.4

\ery active 16.3 21.1 25.5 10.8 6.6 13.1



Missing, n

Alcohol consumption, %
Heavy user
Moderate user
Non-user
Missing, n

Smoking, %
Current smoker
Ex-smoker
Never-smoker
Missing, n

Chronic conditions, %
Hypertension
Coronary heart disease
Heart failure
Osteoarthritis (knee,
hip)
Inflammatory arthritis
Pulmonary diseases
Stroke
Parkinson’s disease

6.8
62.4
30.8

16.3
38.4
45.3

57.6
14.8
7.0
26.0

0.0
7.1
9.4
0.0

4.9
70.6
245

12.7
46.0
41.3

57.7
21.0
8.5
10.2

4.9
17.1
4.4
0.0

7.2
67.9
24.9

17.1
41.7
41.2

37.0
12.7
2.6
19.6

2.5
13.0
2.8
0.4

0.87

0.85

<0.001
0.13
0.02
0.05

0.30
0.27
0.10

na

8.6
34.2
57.2

5.2
18.9
75.9

68.1
16.6
11.7
17.1

5.0
25.7
2.5
0.0

3.9
42.1
54.0

6.6
13.2
80.2

51.6
10.2
4.0
26.7

5.4
9.2
4.1
0.0

3.6
53.1
43.3

10.7
10.8
78.5

38.7
8.6
2.4

21.7

3.9
16.1
2.8
0.2

0.09

0.38

<0.001
0.25
0.01
0.49

0.80
0.10
0.75

na



Chronic mental 11.6 9.8 9.7 0.91 15.6 12.0 16.0 0.66
disorders
Cancer 2.3 4.7 3.9 0.79 15.8 9.1 9.4 0.43

Note: SEM= Standard Error of the mean, BMI= Body Mass Index, na= not applicable



Table 2. Changes in handgrip strength in Newtons during 11-year follow-up among men and

women with diabetes, pre-diabetes and non-diabetes at baseline. Unstandardized regression

coefficients (B) with their 95% confidence intervals (CI) from linear regression models.

MEN (n=514) WOMEN (n=676)

Non- Pre- Diabetes Non- Pre- Diabetes

diabetes diabetes (n=43) diabetes diabetes (n=39)

(n=389) (n=82) (n=560) (n=77)
[ estimate (95% CI) [ estimate (95% CI)

Model 1 -63.0 -78.2 -98.6 -21.1 -19.9 -27.3
(-704to- (-90.7to- (-119.1to (-25.0to- (-31.7to- (-42.1to-

55.5) 65.7) -78.0) 17.1) 8.0) 12.4)

Model 2 -64.7 -79.2 -97.4 -20.8 -16.8 -25.7
(-73.6to- (-935to- (-116.6t0 (-25.2to- (-269to- (-38.9to-

55.8) 64.9) -78.2) 16.3) 6.7) 12.4)

Model 3 -85.0 -100.3 -118.0 -23.3 -20.6 -29.7
(-99.6to- (-120.3to- (-141.8to (-35.1to- (-35.1to- (-48.1to-

70.4) 80.5) -94.1) 11.5) 6.2) 11.2)

Model 4 -88.9 -1014 -121.1 -39.4 -35.5 -48.1
(-125.7to- (-1424to- (-164.7to (-644t0o- (-629to- (-73.8to-

52.1) 60.4) -77.5) 14.3) 8.1) 22.3)

Model 5 -93.8 -103.4 -126.4 -39.4 -27.1 -42.7
(-133.6to- (-146.5to- (-176.7to (-676to- (-57.5t0 (-70.9to -

54.0) 60.3) -76.0) 11.2) 3.3) 14.6)

Note:

Model 1: adjusted for muscle strength at baseline

Model 2: additionally adjusted for age, education



Model 3: additionally adjusted for Body Mass Index, hormone replacement therapy (women),
physical activity, smoking status, alcohol consumption
Model 4: additionally adjusted for chronic conditions

Model 5: additionally adjusted for diabetes status at follow-up



Fig. 1. Unadjusted handgrip strength at baseline and 11-year follow-up among men and

women with diabetes, pre-diabetes, non-diabetes at baseline.
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Supplementary Table 1. Baseline characteristics of all participants who had baseline hand grip strength measure and diabetes status in the

Health 2000 Survey.

MEN (n=1127)

WOMEN (n=1646)

Diabetic  Pre-diabetic Non-diabetic  p-value Diabetic  Pre-diabetic Non-diabetic p-value
(n=148) (n=182) (n=797) (n=188) (n=214) (n=1244)
Age, years: mean (SEM) 67.7 (0.71) 66.4(0.58)  65.8 (0.28) 0.036 72.2(0.67) 68.9(0.62) 67.7(0.24) <0.001
BMI: mean (SEM) 29.3(0.39) 28.8(0.34)  26.9(0.13) <0.001 30.4(0.43) 29.4(0.38) 27.4(0.13) <0.001
Education, % 0.58 0.001
0-9 years 72.9 69.2 67.7 79.7 75.5 66.0
10-12 years 154 14.2 14.8 11.0 16.1 18.3
13 years or more 11.7 16.6 175 9.3 8.5 15.7
Missing, n 4 3 23 16 6 53
HRT, % <0.001
Current user 12.9 12.6 27.5
Former user 7.0 15.9 12.4
Non-user 80.1 715 60.1
Missing, n 9 7 45
Physical Activity, % 0.007 <0.001
Sedentary 34.1 26.6 21.7 53.9 35.7 29.1
Moderate 535 58.5 57.6 39.8 58.9 60.8
\ery active 12.4 14.9 20.6 6.3 54 10.1
Missing, n 4 7 30 15 11 64




Alcohol consumption, %
Heavy user
Moderate user
Non-user
Missing, n

Smoking, %

Current smoker
Ex-smoker
Never-smoker
Missing, n

Chronic conditions, %
Hypertension
Coronary heart disease
Heart failure
Osteoarthritis (knee,
hip)

Inflammatory arthritis
Pulmonary diseases
Stroke

Parkinson’s disease
Chronic mental
disorders

Cancer

9.8
50.3
39.9

18.6
4.7
26.7

57.9
27.6
14.9
245

5.6
18.2
14.7

0.0
12.9

5.1

7.1
61.9
31.0

17.7
49.3
33.0

53.3
26.6
9.0
17.9

5.2
20.7
4.4
0.7
114

8.7

7.9
59.5
32.6

27

22.0
43.9
341

38.4
20.0
6.4
20.0

4.7
14.8
5.7
1.3
10.9

6.4

0.30

0.13

<0.001
0.038
0.002
0.33

0.88
0.12
<0.001
0.33
0.80

0.38

2.9
21.0
76.1

16

8.6
12.4
79.0

63.6
27.2
24.2
28.9

10.6
21.7
5.5
1.6
13.6

14.8

3.1
33.9
63.0

13

10.2
10.1
79.7

54.9
18.8
13.7
30.0

6.7
14.5
5.3
0.0
121

9.3

2.5
42.8
54.7

60

9.9
11.7
78.4

10

42.7
13.4
8.2
25.4

6.0
18.3
4.3
0.5
16.7

11.0

<0.001

0.95

<0.001

<0.001

<0.001
0.29

0.082
0.20
0.62

0.059
0.17

0.22




Notes: SEM= Standard Error of the mean, BMI= Body Mass Index, HRT= Hormone Replacement Therapy



Supplementary Figure 1. Box plot figure of hand grip strength in Newtons (N) at baseline
and 11-year follow-up among men and women in diabetes, pre-diabetes, and non-diabetes at

baseline. Values are unadjusted.
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