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Abstract

Background—The risk of cardiovascular problems due to diabetes mellitus is highest among
older Mexicans, and yet what remains to be determined is the association between muscle
weakness and diabetes in this population. Therefore, the purpose of this study was to determine
the association between muscle strength and diabetes among Mexican adults greater than 50 years
old.

Design—Cross-sectional.
Setting—National sample of households in both urban and rural areas.

Participants—A sub-sample of 1,841 individuals, aged 50 years and older, was included from
the 2012 Mexican Health and Aging Study (MHAS).

Measurements—Strength was assessed using a hand-held dynamometer, and the single largest
reading from either hand was normalized to body mass (NGS). Conditional inference tree analyses
were used to identify sex-specific NGS weakness thresholds. Linear regression was used to
examine the association between NGS and HbAlc, and logistic regression was used to assess the
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association between weakness and risk of diabetes (HbAlc =6.5% [>48 mmol/mol]), after
controlling for age, sex and waist circumference.

Results—Normalized grip strength was inversely associated with HbAlc (B=-1.56; p<0.001).
Optimal sex-specific NGS weakness thresholds to detect diabetes were <0.46 and <0.30 for men
and women respectively. Weakness was associated with significantly increased odds of diabetes
(OR: 1.69, 95%Cl: 1.37-2.10), even after adjusting for age, sex, and waist circumference.

Conclusions—NGS was robustly associated with diabetes and other cardiometabolic risk
factors in older Mexicans. This simple screen may serve as a valuable tool to identify adults that
are at risk for negative health consequences or early mortality, and that might benefit from lifestyle
interventions to reduce risk.
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insulin resistance; diabetes; muscle weakness; aging; epidemiology

Introduction

Diabetes is a leading cause of mortality that is estimated to affect over 400 million adults
globally,! particularly in low- and middle-income countries where more than 80% of
diabetes deaths occur 2. For example, in Mexico the lifetime risk of diagnosed diabetes is
projected to reach 50% by 2050,3 and there is also a high prevalence of impaired glucose
tolerance,* and undiagnosed or uncontrolled diabetes.> From 1970 to 2010, Mexican
mortality fell by two-fold for individuals aged >50 years (from 33% to 17%), and this has
been attributed to expanded health-care infrastructure and access in poorer states.® However,
older adults are at increased risk for chronic cardiometabolic diseases such as diabetes, a
known driver of both years lived with a disability and disability-adjusted life years in
Mexico.” An age-related decline in physical function and deterioration in muscle
morphology contribute to exaggerated risk of diabetes at the individual level; and yet,
increases in the incidence of diagnosed diabetes, combined with declining mortality levels,
have led to an acceleration of lifetime diabetes risk and more years spent with diabetes at the
population level. Therefore, the aging Mexican population poses a substantial burden to the
country's future healthcare system.

Early screening and promotion efforts for healthy aging among higher-risk populations are
vital to mitigate the incidence of diabetes and other preventable comorbidities; thereby
curtailing the escalating healthcare costs associated with chronic conditions. There has been
an increase in the amount of evidence that highlights the role of muscular strength
preservation as a protective factor for cardiometabolic health across populations. Recent
investigations®-10 have shown that low muscular strength is independently associated with
increased odds of the metabolic syndrome and diabetes in adults, and that cut points or
centiles!! for low normalized strength may be used to predict increased risk. Moreover,
longitudinal data have demonstrated that chronic hyperglycemial? and greater fat mass!3
(i.e., two hallmark risk factors for diabetes) are associated with diminished muscle quality
and weakness. There is also mounting evidence that indicates a robust inverse association
between low strength and cardiometabolic risk clustering among children and
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adolescents,14-16 thus reinforcing the need for early and improved clinical screening
strategies across populations. Therefore, the purposes of this study were to examine the
independent association between handgrip strength capacity and diabetes in a large sample
of aging adults in Mexico, and to identify potential sex-specific weakness thresholds for
detection of diabetes.

Research Design and Methods

Study Population

The Mexican Health and Aging Study (MHAS) was designed to prospectively evaluate the
impact of disease on the health, function, and mortality of adults over the age of 50 years in
a national sample of households in both urban and rural areas of Mexico. The overall goal of
the study is to examine the aging process, including the impact of disease and disability in a
large representative panel of older Mexicans, as previously described in detail.17-18 The
MHAS study protocols and instruments were approved by the Institutional Review Board or
Ethics Committee of the University of Texas Medical Branch, the Instituto Nacional de
Estadistica y Geografia (INEGI) in Mexico, and the Instituto Nacional de Salud Publica
(INSP) in Mexico.

Of the 15,723 participants who were interviewed in the 2012 MHAS (survey wave 3), a sub-
sample of 2,086 was selected in order to collect anthropometric measures, blood pressure
readings, performance tests, and blood biomarkers. Of these, 1,841 participants had (1)
complete demographic and anthropometric data; (2) valid strength data from a handgrip
dynamometer; and (3) the necessary blood samples obtained for non-fasting
glycohemoglobin determination.

Anthropometric Factors

Each participant wore light clothing and no shoes while being weighed on a digital Toledo
scale (Mettler-Toledo International, Inc., Columbus, OH). Height was measured using a
fixed stadiometer. Body mass index (BMI) was calculated as weight in kilograms divided by
height in meters squared (kg/m2). Standard categories were applied to determine if each
participant was normal weight (18.5-24.9 kg/m?2), overweight (25.0-29.9 kg/m?2), or obese (=
30.0 kg/m?).19 Individuals with BMI <18.5 kg/m? were excluded (n=15), due to the known
association between underweight status and diabetes risk in older adults.20 Waist
circumference was measured to the nearest 0.1 cm at the level of the iliac crest, and used in
the analyses as a continuous variable.

Cardiometabolic Parameters

Participants were tested on routine cardiometabolic parameters. Resting systolic and
diastolic blood pressures were measured twice with a mercury sphygmomanometer by
trained staff. Non-fasting measures of total cholesterol, HDL-cholesterol, thyroid-
stimulating hormone, serum 25-Hydroxyvitamin D, and C-reactive protein concentrations
were also measured. Non-fasting serum measures of glycohemoglobin (%) were included as
a diagnostic test for diabetes, which reflects average plasma glucose for the previous ~3
months. HbAlc was measured using AlcNow assay, a method that is National
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Glycohemoglobin Standardization Program certified. Participant diabetes status was based
on elevated non-fasting HbA;; (=6.5% [>48 mmol/mol]), which reflects uncontrolled
diabetes 21,

Exposure Variable

Grip Strength

Strength was assessed using a hydraulic handgrip dynamometer (Jamar Hydraulic
Dynamometer, model 5030J1; JA Preston Corp., Clifton, NJ). A trained examiner explained
and demonstrated the protocol to the participant, then adjusted the grip size of the
dynamometer to the participant's dominant hand size, and asked the participant to squeeze
the dynamometer for a practice trial. Thereafter, the participant was instructed to start the
test with his/her dominant hand, and was asked to squeeze the dynamometer with maximal
effort, exhaling while squeezing. The test was then repeated with the opposite hand. Each
hand was tested two times, alternating hands between trials with a 60-second rest between
measurements on the same hand. The grip test was performed in the standing position unless
the participant was physically limited. Participants were excluded from this component if
they were unable to hold the dynamometer and perform strength testing with both hands.
Participants who had surgery on either hand or wrist in the last three months were not tested
on that particular hand. Since the link between muscle strength and both physical function
and chronic health is mediated by the proportion of strength relative to body mass, grip

strength was normalized (NGS) as strength per body mass (i.e., (Gg‘gdy Strengih (kfj)-‘”)).

Statistical Analysis—All statistical analyses were conducted using SAS 9.3 (SAS
Institute, Cary, NC) and R version 3.1.2 (R Foundation for Statistical Computing, Vienna,
Austria). Descriptive characteristics and cardiometabolic profiles are provided as means,
standard errors, and percentages. Differences in these characteristics across strength
categories were tested using linear and logistic regression for continuous and categorical
variables respectively, after creating appropriate categories and dummy coding for each. A
similar strategy was used to test differences for outcomes between men and women.

Threshold Analyses: Conditional inference tree analyses were used to determine risk
thresholds of NGS in differentiating the risk for diabetes among all participants. Unlike a
recent study in older adults that used classification and regression tree (CART) analysis to
identify cut points for weakness,?2 we chose not to incorporate this method because it tends
to overfit. The conditional inference tree method recursively partitions participants into
mutually exclusive groups defined by predictor cut points, grouping together participants
with similar outcome probabilities.23 However, in contrast with CART, it utilizes a formal
statistical framework to evaluate the recursive partitioning, taking into account both the
distributional properties of the measures and multiple comparison between groups. This
technique is also free of modeling assumptions, which allows for optimal concurrent
validity, by identifying those cut points with the strongest association with diabetes.
Moreover, it does not require an a priori specified number of cut points, and thus it can
provide more than a single threshold to predict the outcome. The analysis was conducted
using R software with the party package.23

JAm Med Dir Assoc. Author manuscript; available in PMC 2017 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Peterson et al.

Results

Page 5

To assess the odds of diabetes in the entire sample, we utilized the multivariate logistic
regression modeling approach. Known risk factors including gender, age, waist
circumference, and NGS (both continuous [per 0.10 variation in strength relative to body
mass] and dichotomous for “weakness”) were adjusted in the model. The logistic regression
model with the highest Akaike information criterion (AIC) was retained as the final model.

Descriptive and cardiometabolic characteristics are presented as means, standard errors, and
percentages across sexes in Table 1. Men were stronger than women in both absolute and
normalized grip strength capacity (p<0.001). Prevalence of obesity, abdominal obesity,
diabetes status, high CRP, and vitamin D deficiency were all significantly greater in Mexican
women as compared to men; whereas, prevalence of low HDL and hypertension were higher
among Mexican men.

Threshold Analysis

Conditional inference trees predicting diabetes confirmed different low strength thresholds
for men and women. Figure 1 provides results for the primary definitions. The cutoff
identified in men was based on having normalized grip strength less than or equal to 0.46
(i.e., grip strength in kg < [0. 46 x body mass in kg]) versus greater than 0.46. Among
women the identified NGS cutoff was based on having normalized grip strength less than or
equal to 0.30 versus greater than 0.30.

In both men and women, prevalence of obesity and abdominal obesity were significantly
higher among individuals in the weak NGS category (Table 2). Weak individuals also had
significantly higher prevalences of vitamin D deficiency (women only), elevated CRP (both
men and women), and hypertension (women only) (all p<0.01). Diabetes prevalence,
according to elevated HbA . (=6.5% [>48 mmol/mol]), was significantly higher among
weak versus strong individuals and was 39.3% vs. 25.3% for men, and 51.0% vs, 31.5% for
women, for weak and strong NGS respectively.

In the adjusted models (Table 3), women were at higher odds of having diabetes than men
(<0.001), and waist circumference was positively associated with diabetes. Moreover, for
every 0.10 decrement in normalized strength, there was a 1.22 times increased odds for
diabetes (p<0.001). Weakness was associated with significantly increased odds of diabetes
(OR: 1.69, 95% CI: 1.37-2.10), even after adjusting for age, sex, and waist circumference.

Discussion

The principal finding of this study was that normalized grip strength is significantly
associated with diabetes in older Mexican men and women. Specifically, for every 0.1
decrement in strength-to-body mass-ratio, there was a 22% increased adjusted odds of
diabetes. Furthermore, when using sex-specific NGS thresholds, weak men and women both
had significantly greater diabetes prevelance and higher prevalences of certain
cardiometabolic abnormalities (e.g., abdominal obesity, vitamin D deficiency, elevated CRP,
and hypertension) compared to their strong counterparts. These findings indicate that hand
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grip strength is a simple and inexpensive technique that identifies risk for diabetes and other
cardiometabolic determinates of health in older Mexican adults.

Global life expectancy has increased in recent years; and yet, obesity is also expected to
increase by 12% among older adults by the year 2030.24. Obesity has remained highly
prevelant in older Mexican men and women, putting them at elevated risk for chronic
cardiometabolic diseases such as diabetes -- a leading cause of early mortality in
Mexico.22526 The present investigation identified 28.0% of men and 43.2% of women as
obese, and 33.0% of men and 38.3% of women as diabetic. These results differ slightly from
an investigation by Rodriguez-Saldafia et al.,2” who showed non-diabetics were more obese
than persons with diabetes, and that diabetes was more common in men than women.
Comparisons across studies are difficult however, as different criteria were used to diagnose
diabetes, participants were aged at least 65 years, and participants were only residing in
retirement housing in Mexico City. Older Mexican adults are known to have less muscle
mass and greater visceral adiposity than non-Hispanic Whites and Blacks in the U.S.,
suggesting that behavioral factors associated with these age-related changes may mediate the
association between functional declines and risk for metabolic disease.?8 Indeed, we found
that diabetes prevalence was 14.0% and 19.5% greater in weak men and women compared to
their stronger counterparts, respectively. Moreover, a recent study by Kumar et al.2%
demonstrated that older obese Mexicans are at a greater risk for physical disability than their
non-obese counterparts. Both obesity and diabetes are predictors of functional declines in
older adults;30 however, the simultaneus loss of muscle and increase in adiposity with age
also contributes to reduced functional performance and increased risk of diabetes. Therefore,
these are highly interrelated factors that contribute to diabetes prevalence and weakness,
making it difficult to fully understand the direction of causation. Considering that persons
with diminished functional performance are at greater risk for developing diabetes, improved
strategies to reduce diabetes risk in older Mexican populations should be emphasized.3!
These findings underscore the consequences of sarcopenic obesity, particularly as a primary
contributer to diabetes risk in older adults.32:33

Sarcopenic obesity is associated with many negative chronic cardiometabolic determinates
of health, including abdominal obesity, elevated inflammatory markers, and hypertension.3
Older adults are at particularly elevated risk for sarcopenic obesity, as age-related
decrements in muscle size and physical activity become accelerated.34:3% Our results
demonstrate that weak men and women were more likely to be obese, had higher levels of
central obesity, and were at higher risk for cardiovascular disease from elevated CRP levels.
Greater vitamin D deficiency and hypertension were more prevalent only in weak women.
These results align with other studies suggesting that central obesity, inflammatory markers,
vitamin D deficiency, and hypertension are greater in older adults that are weaker.36:37 These
findings confirm that older Mexicans are at similar risk for developing chronic
cardiometabolic diseases associated with muscle weakness.

Hand grip strength has been recognized as a valid technique to predict risk of disability,
which is significantly associated with diabetes in older Mexican Americans in the U.S..38
Another recent study that used age- and sex-specific NGS cuttoffs from 4,066 U.S. adults,
revealed that for every 0.5 decrement in NGS, there was a 26% increased odds of diabetes.?
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By comparison, the present investigation included 1,841 Mexican participants aged at least
50 years and found for every 0.1 decrement in NGS, there was a 22% increased odds of
diabetes. A 5-year prospective cohort study by Al Snih et al. 39 determined 2,488 older
Mexican adults were more at risk for mortality when hand grip strength was low.
Considering that diabetes is a leading cause of mortality in Mexico, the association between
hand grip strength as a determinent of muscle weakness, sarcopenic obesity, diabetes, and
mortality should be further studied.? This investigation also demonstrated that waist
circumference was positively associated with diabetes and women had higher odds of having
diabetes than men. These results concur with previous studies that have identified central
obesity as a risk factor for diabetes and that women have more fat mass and lower absolute
and relative strength than men, putting older Mexican women at greater risk for
diabetes.3440

This study has a number of strengths that extend the current body of literature on diabetes
prevention. Analyses were conducted on a large number of participants who have been
followed several years. To our knowledge, this is the first study to investigate the role that
muscle weakness plays on diabetes prevalence in older Mexicans. The threshold modeling
technique used in this investigation identified two strength cutpoints and two respective risk
categories, which may be incorporated into a clinical setting for screening older Mexicans
that are at risk for diabetes. Also, hand grip strength was normalized to body mass, making
comparisons across body sizes possible. Despite these strengths, some limitations of the
present study should be noted. Physical activitiy and nutritional data were not examined, and
thus future efforts should seek to determine how these variables mediate the association
between hand grip strength and diabetes. Further, as with all cross-sectional studies, a
limitation of this investigation is the inability to unravel the direction of causation. Whether
lower NGS “cause” an elevated risk for diabetes in older Mexicans, or if diabetes-related
musculoskeletal conditions (e.g., neuropathy, diabetic cheiroarthropathy, flexor
tenosynovitis, etc.) themselves, are a cause of diminished muscle function, is an interesting
and complex topic. Lastly, other tests, such as quadriceps strength were unavailable, making
comparisons between hand grip strength and other tests of muscle weakness unknown.
Future investigations should explore the association between hand grip strength on chronic
cardiometabolic diseases in other ethnicities and to examine the attributable risks of physical
disability status and hand grip strength on incident diabetes in older adults.

Individuals with low NGS had a greater prevalence of diabetes and other cardiometabolic
risk factors as compared to their strong counterparts. The odds of prevalent diabetes
increased as NGS decreased. Health professionals should encourage older Mexican adults,
and especially women, to engage in physical activities that help preserve or improve muscle
strength in an effort to prevent chronic cardiometabolic diseases. NGS should also be used to
monitor and assess muscle weakness in older Mexicans and other older populations.
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Conditional inference trees for baseline strength as predictors of diabetes (HbAlc levels

26.5% [=48 mmol/mol]) in men and women.

JAm Med Dir Assoc. Author manuscript; available in PMC 2017 October 01.




Page 12

Peterson et al.

*3]qeLIeA 213199ds 3y 01 BUIPJ0dIe paLieA sazis sajdwes

‘85e8s1 Je|naseAoIpIe)-aAD ‘utsloldodi Ausuaq YbiH-1AH :SUOIBIABIGGY

oezy L 0Evy % ‘(BHWW 06<d9Q 10 BHWW 0yT<dEs) BAIsusHRdAH
Goonzoss  »ETVETO  (orop)eggy BHWuW *(dgq) 8inssaid poojg dljoiselq
ot erzer 9D IO (o507) gpaer BHwWw ‘(dgs) sinssaid poolg dljoisAs
L0697 0€'€e 0€'€L % ‘(p/Bw 0°€<) st AAD UBIH
(65'8) 681 * (tev) ee'e (ez) 9zy Tp/Bw ‘uIRI0Id dAIBIY-D
oe'ze L0857 0eze % (Tp/Bu 0z>) AouaIoyaq a uILiENA
wsnoszz  » VTR (egg)zzve TW/BU ‘Q UIENAXOIPAH-GZ Wniag
(02'9) so'e (81°€) £9C (99°6) 88'C Tw/Nir ‘suowioH Bunenwins-proIAY L
0T’ Ty ,LOros oT'Ly % ‘(Ip/Bw ov>) TaH Mo
LT e tree GeoDerTy /B “|0Ja1S3104D-TaH
* (or'sw) o202 (e6'Lv) Ov'26T  (TE'9Y) €¥°002 Tp/6ui ‘JossisajoyD [eloL
* (96T £6°9 (L'T) 29'9 (£8T) 289 % ‘ulgo]Bowayoak|o
(0T'0) ¥£0 LETOO o) ge (sseIN Apog 03 aAe|ay) YIBuaNS dLD PazifeuLIoN
(vz'9) er'ee * (re'8) ov'ze (v6'8) 82'92 6% ‘wbuans duo
LoLeL oL'0p 0£'29 % ‘(DM 21103dS-Xes) A1SaqO [UILIOPAY
(6v°2T) 98'96 (8eeT) 2666 (€572T) 6086 W ‘(DM) 82UBIJWINDIID ISTEM
L0eEr 1082 oT'Lg % ‘(0£<1Ng) Ansaqo
LBITDBEC  (copyggy7  (s5) 9062 /B ‘(INE) Xepul ssel Apog
(ve'vT) 6v'99 * (Lov) gewL (86'7T) 59'69 B ‘sse Apog
(6°6) 6629 LISOISEYS o) oo s1eak ‘aby

(860'T=u) uswop\  (gp/=u) UBN  (T¥8'T=U) IV

"xas Ag uonendod Apnis ay) Jo Sa1ISIIS19RIRYD J1|0CRISWOIpIR) pue aAnduasag

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

JAm Med Dir Assoc. Author manuscript; available in PMC 2017 October 01.



Page 13

Peterson et al.

s Jaybiy yim xas se sajouaq :(G0'0>d) sexas usamiaq saouaiaip Juedyiubis
¥

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

JAm Med Dir Assoc. Author manuscript; available in PMC 2017 October 01.



Page 14

"3]qeLieA o1319ads ay) 031 Buipiodde palteA sazis sajdwes

aseasi Je|nasenoipieD-aAD ‘usiosdodi Ausus@ YBiH-T1aH ‘ybusns duo pazifewioN-SON :SUOIBIASIGOY

09'6€ 00w oT'9Y ov'sy % ‘(BHWW 06<d9q 40 BHWW OpT<dgs) snIsuauadAH
(¥9°0T) 68°2L (¥9°07) 82'8L (€2'1T) 66°08 (28'1T) 6562 BHwWw ‘(dgq) ainssaid poolg a1j01se1q
(87°02) €8°VET LT 80T (0T'02) 66'6€T (ITT2) v THT BHWUW ‘(4gS) 8inssaid poojg o1[oISAS
0T'oY L0483 vie L0088 % ‘(Ip/BW 0°€=) sty AAD YBIH
(L98) ¥T'¥ x (05'2) 06 (T6'v) €T°E (L9€) zve Tp/Bw ‘u1gl01d 8AIOESY-D
06°E Loeer 612 09'92 % ‘(1p/Bu 0z>) Aous1oyaq g UILENA
(s6'2) L2€2 Lo e (188 EsLe (29'8) zv'se Jwy/Bu ‘Q uIWENAAXOIPAH-GZ WnJas
(r2'9) 682 (z9°0) 1e€ (#5°€) 99°Z (06'2) 29T /NI ‘suowoH Bureinwns-proIAy L
0z 0r'6€ 09'85 082S % ‘(TIp/BW 0F>) TAH MO
(89°0T) 8e'ev x (96°6) v 17 (L£0T) 06'6€ x (sv'6) Lvse p/Bw ‘Josaisajoyd-1aH
(€2'2y) Y9102 (zv'05) ¥8'102 , (8409 6670 (65'SY) PE'V6T p/Bu ‘|osa1saoyD) [eloL
(S6'T) 6°9 LEEToTL (L) 159 ¥971) 229 % 'U1GO]BOWAY0IAID
(00) 070 L8000 (80°0) 550 L (00 9g0 (sseiN Apog 01 anyejay) YiBuais U pazifeutioN
(6') 612 Lesvoost (98'9) 9T'8E LBED 622 B ‘pbuens duo
0z0L L0688 oTve LOETS % '(OM 914198dS-X8S) ANSSAO [EUILOPAY
(52'1T) 29'€6 x (orzr) 00°€0T (25°0T) 2956 * (69:21) Tre0T wo ‘(DAN) 89USIBJWINIIID) ISTEM
08'2¢ L6 09°€T L0468 % ‘(0€<1Ng) ANsedo
(99'v) £T'82 oo zeze (€9°€) T2'92 L€ ezee LWw/Bx ‘(INg) Xepu] Ssen Apog
(ov'2T) 89°'€9 L (eesm 00z @ren) zzoL L BISD VL B3 ‘sse Apog
(22'6) 6119 * (ve'6) 1579 (¥58) 9.°T9 * (05°6) 199 sieak ‘aby

JAm Med Dir Assoc. Author manuscript; available in PMC 2017 October 01.

Peterson et al.

(199=U) 0€'0<SON  (FI¥=U) 0£'0SSON  (E€€=U) 9¥'0<SON  (EE€¥=U) 97’ 0SSON

UBLIOA uaN

‘y1buans dub pazijewaou pue xas Aq paljilens sonsialorIeyd Jljogeiawolp.aed pue alydeibowaq

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 15

Peterson et al.

"Ysu
J8ybiy yum dnoub se pajous :(50'0>d) suedionied (Uswom o) 0E'0< PUe UBW IO} 91" 0<SON) Buoss pue (UBWIOM 40} OE'0S pUe UBW IO} 91'0S SON) eam Usamiaq ‘sexas UIYIM adUsIalIp Juediiubis
¥

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

JAm Med Dir Assoc. Author manuscript; available in PMC 2017 October 01.



Page 16

Peterson et al.

‘SSauUXeaM 10J S|1D %S6
*¥

“(AjaA10adsal UBWOM pue usW 10) OE"0Z PUR 97'0S SON) SSaUNeam 10} O
x

10005 e OF CET L5891 UibusnS diID paziewIoN es
100°0> €0T-20°T €0'T 90USIBJLUNDIID ISTeAN
7000>  ¥6T-62T 65T (sreIN :29uBIB)RY) XS

80 10'T-66'0 66°0 (saeak) aby
anfeA-d  SID%G6  oheY SPPO (s)40301paud [3poN

(965°9 2 OTVQH) se18qeId

‘SSauMeam

21J199ds-Xas Bullouap 3|qeLIeA SNOWOI0YIIP B SB SON YIIM ‘S)npe URJIXaIA Ul Sa1aqelp Jo si01a1pald juspuadapul oy sjapow uoissalbal ansiboj sjdninin

Author Manuscript

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

JAm Med Dir Assoc. Author manuscript; available in PMC 2017 October 01.



	Abstract
	Introduction
	Research Design and Methods
	Study Population
	Anthropometric Factors
	Cardiometabolic Parameters

	Exposure Variable
	Grip Strength
	Statistical Analysis
	Threshold Analyses



	Results
	Threshold Analysis

	Discussion
	Conclusion

	References
	Figure 1
	Table 1
	Table 2
	Table 3

