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Abstract
Background  Serum alkaline phosphatase (ALP) plays a crucial role in bone and muscle health. Previous studies 
have demonstrated that serum alkaline phosphatase (ALP) is closely associated with muscle mass. Nevertheless, the 
association between serum alkaline phosphatase (ALP) and grip strength remains unclear. Therefore, the present 
study focused on exploring the association of serum ALP with grip strength in middle-aged and elderly people.

Methods  We conducted a cross-sectional study using data from the National Health and Nutrition Examination 
Survey conducted from 2011 to 2014. A total of 3514 participants (1891 males and 1623 females) aged 40–80 years 
were included in this study. Serum ALP and pelvic grip strength were analyzed as independent and dependent 
variables, additional variables were the possible impact modifiers. weighted generalized linear models and stratified 
analysis by gender, age group, and race were applied to assess the relationship between serum ALP and grip strength. 
Smooth curve fitting and threshold effect analysis/saturation effect analysis were used to analyze the nonlinear 
relationship between the 2 variables.

Results  In the gender-stratified subgroup analysis, we observed an inverse association between serum ALP and 
grip strength in both male and female. When stratified by age group, the association remained significant among 
participants 40–59 years of age, but not among those ≥ 60 years old. When stratified by race, the association remained 
significant among Non-Hispanic White and Non-Hispanic Black. It is noteworthy that serum ALP and grip strength 
showed a significant negative correlation among female aged 40–59 years, but not among female aged ≥ 60 years. 
Additionally, Smooth curve fitting showed that serum ALP had a nonlinear relationship with grip strength in male 
aged 40–59 years and male aged over 60 years, the inflection points are 54 IU and 97 IU respectively.

Conclusion  Our study revealed an inverse relationship between serum ALP and grip strength, this finding offers new 
insights and avenues for understanding how serum alkaline phosphatase affects skeletal muscle health.

Keywords  Serum alkaline phosphatase, Grip strength, Sarcopenia, NHANES

The correlation between serum alkaline 
phosphatase and grip strength in middle-
aged and elderly people: NHANES 2011–2014
Ziyi Zhang1†, Jiajie Zhou1†, Anpei Ma2, Honggu Chen3, Bo Wang1 and Guoyang Zhao1*

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-025-08408-2&domain=pdf&date_stamp=2025-2-22


Page 2 of 10Zhang et al. BMC Musculoskeletal Disorders          (2025) 26:191 

Background
Sarcopenia represents a progressive and generalized skel-
etal muscle disorder entailing the accelerated depletion 
of muscle mass and function, which is associated with 
augmented adverse outcomes such as falls, functional 
deterioration, frailty, and mortality [1]. Sarcopenia is cor-
related with a multitude of factors, including age-related 
inflammation, inactivity, poor nutrition, and chronic dis-
eases [2]. Grip strength constitutes an essential factor in 
the diagnosis of sarcopenia [3], as muscle strength is not 
solely dependent on mass [4]. Lower handgrip strength 
in healthy adults predicts an elevated risk of functional 
limitations and disabilities in later life, as well as all-cause 
mortality [5]. Considering the high prevalence and severe 
implications of sarcopenia, there is an immediate and 
compelling urgency to investigate the mechanisms influ-
encing grip strength.

Alkaline phosphatase (ALP) is an enzyme present in 
diverse tissues throughout the body. The majority of ALP 
in serum (over 80%) originates from the liver and bones, 
with a minor portion coming from the intestines [6]. 
ALP plays a significant role in inflammation and meta-
bolic syndrome [4], and elevated ALP is invariably asso-
ciated with adverse outcomes [7]. A large cohort study 
demonstrated that higher serum total ALP levels were 
significantly associated with the incidence of hip frac-
tures [8]. Basic research suggests that tissue nonspecific 
alkaline phosphatase (TNAP) functions within bone and 
muscle progenitor cells to impact ATP production and 
mitochondrial respiration [9], but the exact physiological 
function of ALP remains largely unknown.

In relation to the musculoskeletal system, some 
researchers have discerned a positive association 
between serum alkaline phosphatase (ALP) and a low 
muscle mass index [10]. Nevertheless, the effect of serum 
ALP on grip strength remains uncharted. Hence, we ini-
tiated this research endeavor to investigate the interre-
lationship between serum ALP and grip strength within 
the US population.

Methods
Study population
The National Health and Nutrition Examination Survey 
(NHANES) is a biennial nationwide study that recruits 
a representative sample of the general population in the 
United States. Our analysis uses data collected from 
2011 to 2014, representing 2 dataset cycles of NHANES. 
In the 2011–2014 NHANES, Of 29,902 participants, 
we excluded12513 individuals aged < 40 years, 747 with 
missing data for serum ALP, 1727 with missing grip 
strength data, 54 with missing BMI data, 307 with cancer. 
Individuals fulfilling any of the following criteria were 
also excluded: pregnancy (n = 5), a history of hand sur-
gery (n = 291), liver disease (n = 278), neoplastic disease 

(n = 632), thyroid disease (n = 521). Additionally,653 with 
missing data for relevant covariates. Finally, 3514 partici-
pants were included in this study. Flowchart illustrating 
the exclusion criteria is provided in Fig. 1.

Measurement of serum alkaline phosphatase
In this investigation, serum ALP was designated as the 
exposure variable. From 2011 to 2014, the DxC800 sys-
tem adopted a kinetic rate methodology employing a 
2-Amino-2-Methyl-1-Propanol (AMP) buffer for the 
measurement of ALP activity in serum or plasma. In the 
reaction, ALP catalyzes the hydrolysis of the colorless 
organic phosphate ester substrate, p-Nitrophenylphos-
phate, to the yellow-colored product, p-Nitrophenol, and 
phosphate. This reaction transpires at an alkaline pH of 
10.3. The system monitors the rate of alteration in absor-
bance at 410 nm within a fixed-time interval. This rate of 
change in absorbance is directly proportional to the ALP 
activity in the serum. Detailed information about serum 
alkaline phosphatase can be found in the National Health 
and Nutrition Examination Survey: Laboratory Proce-
dure Manual at ​h​t​t​p​​:​/​/​​w​w​w​.​​c​d​​c​.​g​​o​v​/​​n​c​h​s​​/​n​​h​a​n​e​s​/.

Measurement of grip strength
The grip strength data was collected using the Takei Digi-
tal Grip Strength Dynamometer (Model T.K.K.5401). A 
proficient examiner elaborated and demonstrated the 
protocol to the participant. Subsequently, the examiner 
adjusted the grip size of the dynamometer to match the 
participant’s hand size and requested the participant to 
squeeze the dynamometer for a practice attempt. After 
the practice session, the participant was instructed to 
employ one of their hands to squeeze the dynamometer 
with maximal force. Subsequently, the test was repeated 
for the opposite hand, with each hand undergoing three 
trials. Detailed guidelines for implementation are out-
lined in the NHANES Muscle Strength Procedures Man-
ual. The total grip strength was calculated as the sum of 
the maximum readings from each hand and expressed in 
kilograms.

Covariates
As stated on the NHANES website, qualified personnel 
at all study sites adhered to standardized protocols for 
data collection. During household interviews, informa-
tion regarding sociodemographic factors such as age, 
gender, and race/ethnicity was gathered. Based on prior 
literature, the following variables were selected as covari-
ates. The demographic variables encompassed gender 
(male or female), age groups (40–59 years, ≥ 60 years), 
race (Mexican American, Other Hispanic, Non-Hispanic 
White, Non-Hispanic Black, Non-Hispanic Asian, Other 
Race), education level (less than high school, high school 
or equivalent, college or above), marital status (married/

http://www.cdc.gov/nchs/nhanes/
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living with partner, widowed/divorced/separated/never-
married), with ratio of family income to poverty (FIPR) 
categorized as < 1.3, 1.3–3.5, > 3.5 [11]. Wealsoincorpo-
rated smoking status, drinking status, and physical activ-
ity as lifestyle variables. Individuals who had smoked 
more than 100 cigarettes over their lifetime were catego-
rized as smokers, and those who had not were designated 
as non-smokers [12]. Drinking status was categorized as 
“drinker” if the participant reported having more than 
12 alcoholic beverages in the past year and “nondrinker” 
otherwise [13]. Physical activity was divided into work 
activities and recreational activities in accordance with 
the survey collection, with three levels: vigorous, mod-
erate, and none [14]. We further included hypertension, 
diabetes, and high cholesterol status as risk variables. 
The determination of high blood pressure and high 

cholesterol status was based on the NHANES question-
naire data. Diabetes was defined as having a history of 
diabetes, a fasting blood glucose level ≥ 7.0 mmol/L, or 
a glycosylated hemoglobin (HbA1c) > 6.5%. In addition, 
this study also considered body mass index (BMI) to cor-
rect for grip strength.

Statistical analysis
The statistical analyses were conducted using R 3.4.3 
(https://www.r-project.org/) and EmpowerStats 2.0 
(http://www.empowerstats.com), P<0.05 was considered 
statistically significant. Continuous variables encom-
passed in this study were delineated as means along 
with standard errors, whilst categorical variables were 
depicted by the actual number in conjunction with 
weighted percentages. The NHANES sample weights 

Fig. 1  Flowchart of the study participants included in NHANES 2011–2014
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were used as recommended by the NCHS. Generalized 
weighted linear Model was performed to investigate the 
association between serum alkaline phosphatase and grip 
strength. Subgroup analyses stratified by age group, gen-
der, and race were also performed. In addition, smooth 
curve fitting were used to explore nonlinear relation-
ships, and in the presence of nonlinearity, a two-segment 
linear regression model was used to determine the inflec-
tion point.

Results
Characteristics of the study population
Detailed baseline characteristics of the participants are 
summarized in Table 1. A total of 3514 participants were 
involved, encompassing 1891 males (53.813%) and 1623 
females (46.187%), with a larger proportion being within 
the 40–59 years age group (58.566%). The majority of 
participants had a college education or higher (53.956%), 
with a predominant representation of non-Hispanic 
White individuals (39.385%). The average level of grip 
strength was 70.479 ± 21.207 Kg. The mean concentration 
of serum ALP was 68.391 ± 22.008 IU/L.

Relationship between serum ALP and grip strength
Table  2 presents the association between serum ALP 
and grip strength in three multivariate linear regres-
sion models, we reveal the negative correlation between 
serum ALP and grip strength in Model A (β = -0.115, 
95% CI -0.149, -0.080, P < 0.001). This inverse relationship 
remained evident in Model B (β = -0.053, 95% CI -0.073, 
-0.032, P < 0.001) and Model C (β = -0.049, 95% CI -0.069, 
-0.029, P < 0.001).

In subgroup analysis stratified by gender, the associa-
tion between serum ALP and grip strength remained sig-
nificant in both male and female. In subgroup analysis 
stratified by age group, the association between serum 
ALP and grip strength remained significant in 40–59 
years old. Among participants aged ≥ 60 years, the asso-
ciation between serum ALP and grip strength remained 
significant in model A and model B, but not among 
Model C (β = -0.024, 95% CI -0.057, -0.009, P = 0.155).

Table 1  Characteristics of participants enrolled in study 
(n = 3514)
Variables Mean (SD) or N (%)
Gender, n(%)
  Male 1891 (53.813)
  Female 1623 (46.187)
Age group, n(%)
  40–59 years 2058 (58.566)
  ≥ 60 years 1456 (41.434)
Race ethnicity, n(%)
  Mexican American 396 (11.269)
  Other Hispanic 341 (9.704)
  Non-Hispanic White 1384 (39.385)
  Non-Hispanic Black 905 (25.754)
  Other Race 488 (13.887)
Education level, n(%)
  Less than high school 810 (23.051)
  High school or equivalent 808 (22.994)
  College or above 1896 (53.956)
Marriage status, n(%)
  Married/living with partner 2183 (62.123)
  Widowed/divorced/separated/ never married 1331 (37.887)
PIRR, n (%)
  <1.3 1042 (29.653)
  1.3–3.5 1233 (35.088)
  > 3.5 1239 (35.259)
Smoking status, n(%)
  Smoker 1633 (46.471)
  Non-smoker 1364 (53.529)
Drinking status, n(%)
  Drinker 2582(73.478)
  Non-drinker 932 (26.522)
Work activity status, n(%)
  Vigorous 592 (16.847)
  Moderate 665 (18.924)
  None 2257 (64.229)
Recreational activity status, n(%)
  Vigorous 606 (17.814)
  Moderate 1033 (29.397)
  None 1855 (52.789)
Hypertension, n(%)
  Yes 1536 (43.711)
  No 1978 (56.289)
High cholesterol status, n(%)
  Yes 1537 (43.739)
  No 1977 (56.261)
Diabetes, n(%)
  Yes 738 (21.002)
  No 2776 (78.998)
BMI 29.299 ± 6.749
Serum alkaline phosphatase, (IU/L, mean ± SD) 68.391 ± 22.008
Comprehensive grip strength (Kg, mean ± SD) 70.479 ± 21.207
Continuous Variables: Presented as means with standard errors (SE), Categorical 
Variables: Displayed as counts (n) and percentages (%). FIPR family income to 
poverty ratio, BMI body mass index

Table 2  Relationship between concentrations of serum alkaline 
phosphatase and grip strength in all participants

Model A
β (95% CI) P value

Model B
β (95% CI) P value

Model C
β (95% CI) P 
value

Alkaline 
phosphatase 
(IU/L)

-0.11 (-0.149, 
-0.080) < 0.001

-0.053(-0.073, 
-0.032) < 0.001

-0.049(-0.069, 
-0.029) < 0.001

Model A was not adjusted

Model B was adjusted for BMI, gender, age, race, education level, marital status, 
and PIRR

Model C was adjusted for BMI, gender, age, race, education level, marital status, 
and PIRR, smoking status, drinking status, work activity status, recreational 
activity status, and hypertension, high cholesterol status, diabetes
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In subgroup analysis stratified by race, the association 
between serum ALP and grip strength remained signifi-
cant among Non-Hispanic White (Model C: β = -0.058, 
95% CI -0.091, -0.024, P < 0.001) and Non-Hispanic Black 
(Model C: β = -0.058, 95% CI -0.097, -0.020, P = 0.003), 
but not among Mexican American, Other Hispanic and 
Other Race. (Table 3)

Further analysis found that serum ALP and grip 
strength were significantly negatively correlated in male 
(40–59 years) (β =-0.078, 95% CI -0.125, -0.032, P = 0.001) 
and female (40–59 years) (β = -0.080, 95% CI -0.108, 
-0.052, P < 0.001), there was no correlation between 
serum ALP and handgrip strength in participants 
aged ≥ 60 years, regardless of gender. (Table 4)

Nonlinear relationship between serum ALP and grip 
strength
Smooth curve fitting revealed relationship between 
serum ALP and grip strength in all participants (Fig. 2), 
Fig.  3 revealed relationship between serum ALP and 
grip strength by gender and age group. Further analysis 
revealed a nonlinear relationship between serum ALP 
and grip strength in both male (40–59 years) and female 
(≥ 60 years) (Fig.  4). In male (40–59 years) participants, 
when serum ALP was < 54IU, each unit increase in serum 
ALP was associated with a 0.498 unit decrease in grip 
strength. When serum ALP > 54IU, there was no signifi-
cant association with grip strength (Fig. 4a; Table 5). In 
male(40-59y) participants, when serum ALP was < 97IU, 
there was no significant association with grip strength. 
When serum ALP > 97IU, each unit increase in serum 
ALP was associated with a 0.211 unit decrease in grip 
strength (Fig. 4a; Table 6). Figure 4b revealed relationship 
between serum ALP and grip strength in Female (40–59 
years) and Female (≥ 60 years). Figure 5 revealed relation-
ship between serum ALP and grip strength by race.

Discussion
The association between serum ALP and grip strength 
has thus far been inadequately explored. Our results 
showed that serum ALP were negatively associated with 
grip strength in both male and female after adjusting for 
potential confounding variables. Comparable to our find-
ings, A cross-sectional study in South Korea showed that 
both male and female serum ALP were positively cor-
related with low skeletal muscle mass index (LSMI).To 
the best of our knowledge, this study represents the first 
exploration of the complex connections between serum 
ALP and grip strength among middle-aged and elderly 
people.

Muscle health holds a crucial position in physical func-
tion and metabolism [15]. Muscle function constitutes 
an important indicator for predicting the outcome of 
sarcopenia [16]. Besides primary aging, other secondary 

causes like malnutrition, endocrine disorders, inflamma-
tion, etc., may contribute to the acceleration of muscle 
loss, ultimately resulting in a decrease in muscle strength 
[17]. Sarcopenia is common among the elderly but can 
also be witnessed in middle-aged people [18]. Paying 
attention to skeletal muscle health in middle-aged people 

Table 3  Stratified analysis of the correlation between serum 
alkaline phosphatase and grip strength

Model A
β (95% CI) P 
value

Model B
β (95% CI) P 
value

Model C
β (95% CI) P 
value

Subgroup analysis stratified by gender
Male -0.106 (-0.144, 

-0.068) < 0.001
-0.070(-0.103, 
-0.036) < 0.001

-0.058(-0.091, 
-0.024) < 0.001

Female -0.071 (-0.095, 
-0.046) < 0.001

-0.034(-0.055, 
-0.012)
0.002

-0.034(-0.055, 
-0.013)
0.002

Subgroup analysis stratified by age group
40–59 years -0.103 (-0.148, 

-0.059) < 0.001
-0.094(-0.122, 
-0.067) < 0.001

-0.089(-0.117, 
-0.062) < 0.001

≥ 60 years -0.115 (-0.165, 
-0.065) < 0.001

-0.034(-0.067, 
-0.001)
0.041

-0.024(-0.057, 
-0.009)
0.155

Subgroup analysis stratified by race
Mexican 
American

-0.072 (-0.163, 
0.020)
0.125

-0.048 (-0.104, 
0.007)
0.090

-0.039(-0.095, 
0.017)
0.174

Other Hispanic -0.148 (-0.252, 
-0.044) 0.005

-0.034 (-0.097, 
0.028)
0.285

-0.028(-0.090, 
0.034)
0.378

Non-Hispanic 
White

-0.127 (-0.186, 
-0.067) < 0.001

-0.059(-0.092, 
-0.026) < 0.001

-0.058(-0.091, 
-0.024) < 0.001

Non-Hispanic 
Black

-0.121 (-0.182, 
-0.061) < 0.001

-0.061 (-0.100, 
-0.022) 0.002

-0.058(-0.097, 
-0.020)
0.003

Other Race 0.025 (-0.062, 
0.112)
0.570

-0.003(-0.054, 
0.048)
0.916

-0.003(-0.048, 
0.054)
0.911

Model A was not adjusted

Model B was adjusted for BMI, gender, age, race, education level, marital status, 
and PIRR

Model C was adjusted for BMI, gender, age, race, education level, marital status, 
and PIRR, smoking status, drinking status, work activity status, recreational 
activity status, and hypertension, high cholesterol status, diabetes

In the subgroup analysis stratified by gender, age group and race, the model 
was not adjusted for gender, age or race

Table 4  Stratified examination of the relationship between 
serum alkaline phosphatase and grip strength based on gender 
(age group)
Subgroup β (95% CI) P value
Male (40–59 years) -0.078 (-0.125, -0.031) 0.001
Male (≥ 60 years) -0.036 (-0.088, 0.016) 0.173
Female (40–59 years) -0.080 (-0.108, -0.052) < 0.001
Female (≥ 60 years) 0.013(-0.024, 0.050) 0.485
BMI, race, education level, marital status, and PIRR, smoking status, drinking 
status, work activity status, recreational activity status, and hypertension, high 
cholesterol status, diabetes were adjusted



Page 6 of 10Zhang et al. BMC Musculoskeletal Disorders          (2025) 26:191 

is of critical importance for preventing sarcopenia in the 
elderly. Serum ALP is a ubiquitous membrane-bound 
glycoprotein present in nearly all tissues of the body 
[19], notably elevated levels are found in the liver, kid-
neys, bile ducts, bones [7]. It has been demonstrated that 

increased plasma levels of serum ALP have been associ-
ated with a worse prognosis in several types of diseases 
[20], such as renal osteodystrophy [7] and stroke [21]. 
In humans, four distinct isoenzymes of alkaline phos-
phatase are expressed: tissue-nonspecific ALP, intestinal 

Fig. 3  (a) The association between serum alkaline phosphatase and grip strength by gender. (b) The association between serum alkaline phosphatase 
and grip strength by BMI, gender, age, race, education level, marital status, and PIRR, smoking status, drinking status, work activity status, recreational 
activity status, and hypertension, high cholesterol status, diabetes were adjusted were adjusted. In the subgroup analysis stratified by gender and age 
group, the model was not adjusted for gender or age

 

Fig. 2  The association between serum alkaline phosphatase and grip strength. (a) Each black dot signifies an individual sample. (b) The solid red line 
illustrates the smoothed fitting curve among the variables, while the blue band represents the 95% confidence interval associated with the fit. (BMI, gen-
der, age, race, education level, marital status, and PIRR, smoking status, drinking status, work activity status, recreational activity status, and hypertension, 
high cholesterol, diabetes were adjusted)
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ALP, placental ALP, and germ cell ALP [7]. ALP plays a 
significant role in muscle metabolism. Tissue-nonspe-
cific alkaline phosphatase (TNALP) is the predominant 
isoenzyme of alkaline phosphatase in the human body. 
Basic research has discovered that TNAP deficiency can 
alter mitochondrial activity, reduce muscle strength, and 
hamper bone mineralization and trabecular formation of 

bone marrow stromal cells [9]. Simultaneously, increased 
basal mitochondrial respiration might induce chronic 
oxidative stress, leading to superoxide production and 
inducing muscle pathology [22]. Moreover, Clinical 
research indicates that in patients undergoing hemodial-
ysis, there is an inverse relationship between the levels of 
ALP and their muscle mass, strength, and overall physi-
cal function [23].

A substantial cohort study identified a significant asso-
ciation between elevated serum total ALP levels and the 
incidence of hip fractures [8]. A single-center cohort 
study demonstrated that elevated serum bone-specific 
ALP levels were correlated with fracture risk, and hemo-
dialyzed patients with increased b-AP had an elevated 
fracture risk [24]. The study by Xiao Song Cheng et al. 
revealed that serum ALP levels in young and middle-
aged individuals were negatively correlated with pelvic 
bone density [25]. In states of diminished bone density, 
osteoblasts are activated and produce a substantial quan-
tity of bone alkaline phosphatase, thereby resulting in 
a significant increase in serum ALP levels [26]. Lower 
bone density might indirectly impact muscle function, 
leading to a reduction in muscle strength. The effect of 
ALP on bone and mineral homeostasis is a double-edged 
sword. ALP can enhance bone mineralization, but it may 
also induce vascular calcification [27], which may have 
a negative influence on skeletal muscle health [28]. The 
specific mechanisms underlying this relationship call for 
further meticulous and profound exploration.

ALP levels are intimately related to nutritional sta-
tus and chronic inflammation. Seok Hui Kang et al. 

Table 5  Saturation effect analysis of serum alkaline phosphatase 
on combined grip strength in male (40–59 years) using the two-
piecewise linear regression model
Male(40-59y) Combined grip strength/weight

Adjusted β (95% CI) P value
Turing points(K) 54
< K effect -0.498 (-0.691, -0.304) < 0.001
> K effect -0.007 (-0.063, 0.049) 0.799
likelihood-ratio test < 0.001
BMI, race, education level, marital status, and PIRR, smoking status, drinking 
status, work activity status, recreational activity status, and hypertension, high 
cholesterol status, diabetes were adjusted

Table 6  Threshold effect analysis of serum alkaline phosphatase 
on combined grip strength in male (≥ 60 years) using the two-
piecewise linear regression model
Male(40-59y) Combined grip strength/weight

Adjusted β (95% CI) P value
Turing points(K) 97
< K effect 0.020 (-0.046, 0.086) 0.548
> K effect -0.211 (-0.350, -0.072) 0.003
likelihood-ratio test 0.007
BMI, race, education level, marital status, and PIRR, smoking status, drinking 
status, work activity status, recreational activity status, and hypertension, high 
cholesterol status, diabetes were adjusted

Fig. 4  The association between serum alkaline phosphatase and grip strength by gender (age group). (a).Male (b) Female BMI, race, education level, 
marital status, and PIRR, smoking status, drinking status, work activity status, recreational activity status, and hypertension, high cholesterol status, diabe-
tes were adjusted were adjusted
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discovered a negative correlation between ALP levels and 
PhA [23]. The phase angle (PhA), a well-acknowledged 
nutritional indicator associated with healthy cell mem-
branes, exhibits excellent accuracy in reflecting muscle 
mass and can also be employed as a facile indicator for 
gauging muscle mass [29]. Kim et al. found that ALP is 
closely associated with metabolic or nutritional disor-
ders, and serum ALP levels showed a positive correla-
tion with body fat mass among the general population in 
Korea [30]. Fermín Sánchez de Medina et al. suggested 
that ALP seems to be related to the inflammatory process 
and its regulation [31]. The activity of ALP is influenced 
by oxidative stress in both in vitro and in vivo conditions 
[32]. ALP can be utilized as a comprehensive marker of 

nutritional status and inflammation [33]. Elevated serum 
total ALP levels correlate with higher serum C-reactive 
protein (CRP) levels and increased mortality in the gen-
eral population [34]. Experimental studies have shown 
that inflammatory cytokines can activate numerous 
molecular pathways associated with skeletal muscle atro-
phy, resulting in muscle atrophy [35]. Additional studies 
are essential to explore the adverse effects of this process 
on muscle function.

Moreover, such association was influenced by gender, 
age, and ethnicity. When stratified by race, the associa-
tion remained significant among non-Hispanic whites 
and non-Hispanic blacks, but not among Mexican 
American, Other Hispanic and Other Race, which may 

Fig. 5  The association between serum alkaline phosphatase and grip strength by BMI, gender, age, education level, marital status, and PIRR, smoking 
status, drinking status, work activity status, recreational activity status, and hypertension, high cholesterol status, diabetes were adjusted were adjusted
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be related to potential confounding factors. When strati-
fied by age group, the association remained significant 
for participants aged 40–59 years, but not in participants 
aged ≥ 60 years. It is worth noting that further analysis 
showed that serum ALP was significantly negatively cor-
related with grip strength in women aged 40–59 years, 
but not in women aged ≥ 60 years, which may be related 
to the increase in serum alkaline phosphatase in elderly 
women after menopause. Bashu Dev Pardhe et al. found 
that compared with premenopausal women, estradiol 
levels in postmenopausal women decreased significantly, 
while alkaline phosphatase (ALP) levels increased sig-
nificantly [36]. Estrogen is conducive to maintaining the 
dynamic balance of bone resorption and bone formation 
[37]. Serum alkaline phosphatase (A LP) is a biochemical 
indicator reflecting bone formation [38]. The increase in 
serum alkaline phosphatase after menopause may be due 
to the increase in compensatory bone formation caused 
by the hyperresorption of bone [39–40]. Although ALP 
is a well-established marker of bone diseases, but it is not 
specific only for bone. Increased levels of hepatic alka-
line phosphatase in elderly men and increased levels of 
bone alkaline phosphatase in postmenopausal women 
[41]. Serum ALP level was positively and independently 
associated with metabolic syndrome (MetS), suggesting 
that serum ALP level may be a useful additional measure 
in assessment of MetS [42]. Zhang L et al. found that the 
liver enzyme levels of patients with metabolic syndrome 
were much higher than those in healthy people, and ALP 
levels were significantly associated with the risk of MetS 
[43].

A large-scale population-based study showed that 
Muscle strength is inversely associated with MetS and 
its separate components [44]. In addition, ALT levels 
within the normal range are associated with metabolic 
syndrome and its components, liver enzyme levels may 
change when early metabolic disorders occur without 
deviating from the normal range [45]. The above factors 
may be related to the nonlinear relationship between 
serum ALP and grip strength in male over 60 years old. 
The specific mechanisms of these relationships need fur-
ther detailed and in-depth exploration.

Limitation
There were some limitations in our study. Firstly, due to 
the cross-sectional nature of this study, no causal rela-
tionship between serum ALP and grip strength could be 
concluded. Secondly, data on muscle mass were not avail-
able in this study, so the relationships between muscle 
mass and serum ALP could not be investigated. Finally, 
Although many covariates were controlled in the analy-
sis, the presence of some other potential confounders 
may still bias the results. Therefore, more research and 
exploration in this field are still needed.

Conclusions
The present study revealed an inverse relationship 
between serum ALP and grip strength in in middle-aged 
and elderly people, especially in female, male aged 40–59 
years, Non-Hispanic White and Non-Hispanic Black. 
This discovery provides new clues and orientations for 
the mechanism of the influence of serum ALP on skeletal 
muscle health.

Abbreviations
ALP	� Alkaline Phosphatase
FIPR	� Family income to poverty ratio
BMI	� Body mass index
PhA	� Phase Angle
TNALP	� Tissue-nonspecific alkaline phosphatase
LSMI	� Low skeletal muscle mass index
NHANES	� National Health and Nutrition Examination Survey
MetS	� Metabolic syndrome

Acknowledgements
The authors appreciate the time and effort given by participants during the 
data collection phase of the NHANES project.

Author contributions
ZYZ, JJZ, contributed to the study design and writing of the manuscript.
APM, HGC, BW and contributed to data collection, analysis, and writing of 
the manuscript.G.Y.Z. project administration, supervision.All authors read and 
approved the final manuscript.

Funding
This work was supported by Scientific Research Project of Jiangsu Provincial 
Health Committee in China (To Guo-yang Zhao, M2022119), 2021 Zhenjiang 
City Social Development Guiding Science and Technology Plan Project(To Bo 
Wang, FZ2021058) and 2023 Zhenjiang Science and Technology Innovation 
Fund (To Bo Wang, SH2023030).

Data availability
The datasets generated and/or analysed during the current study are available 
in the Health and Nutrition Examination Survey (NHANES) during 2013–2014, 
at http://​www.cdc​.gov/nc​hs/n​hanes/.

Declarations

Ethics approval and consent to participate
The ethics review board of the National Center for Health Statistics approved 
all NHANES protocols, and each participant signed written informed consent.

Consent for publication
Not applicable.

Clinical trial number
No applicable.

Competing interests
The authors declare no competing interests.

Received: 27 October 2024 / Accepted: 7 February 2025

References
1.	 Cruz-Jentoft AJ, Sayer AA, Sarcopenia. Lancet. 2019;393(10191):2636–46.
2.	 Therakomen V, Petchlorlian A, Lakananurak N. Prevalence and risk factors of 

primary Sarcopenia in community-dwelling outpatient elderly: a cross-
sectional study. Sci Rep. 2020;10(1):19551.



Page 10 of 10Zhang et al. BMC Musculoskeletal Disorders          (2025) 26:191 

3.	 Coletta G, Phillips SM. An elusive consensus definition of Sarcopenia 
impedes research and clinical treatment: a narrative review. Ageing Res Rev. 
2023;86:101883.

4.	 Janssen I, Baumgartner RN, Ross R, Rosenberg IH, Roubenoff R. Skeletal 
muscle cutpoints associated with elevated physical disability risk in older 
men and women. Am J Epidemiol. 2004;159(4):413–21.

5.	 Norman K, Stobaus N, Gonzalez MC, Schulzke JD, Pirlich M. Hand grip 
strength: outcome predictor and marker of nutritional status. Clin Nutr. 
2011;30(2):135–42.

6.	 Makris K, Mousa C, Cavalier E. Alkaline phosphatases: Biochemistry, functions, 
and measurement. Calcif Tissue Int. 2023;112(2):233–42.

7.	 Haarhaus M, Cianciolo G, Barbuto S, La Manna G, Gasperoni L, Tripepi G et al. 
Alkaline phosphatase: An Old Friend as Treatment Target for Cardiovascular 
and Mineral Bone disorders in chronic kidney disease. Nutrients. 2022;14(10).

8.	 Maruyama Y, Taniguchi M, Kazama JJ, Yokoyama K, Hosoya T, Yokoo T, et al. 
A higher serum alkaline phosphatase is associated with the incidence of 
hip fracture and mortality among patients receiving hemodialysis in Japan. 
Nephrol Dial Transpl. 2014;29(8):1532–8.

9.	 Zhang Z, Nam HK, Crouch S, Hatch NE. Tissue nonspecific alkaline phospha-
tase function in bone and muscle progenitor cells: control of mitochondrial 
respiration and ATP production. Int J Mol Sci. 2021;22(3).

10.	 Lee JH, Cho AR, Lee YJ. Relationship between serum alkaline phosphatase 
and low muscle Mass Index among Korean adults: a Nationwide Population-
based study. Biomolecules. 2021;11(6).

11.	 Wu D, Qu C, Huang P, Geng X, Zhang J, Shen Y et al. Water Intake and 
Handgrip Strength in US adults: a cross-sectional study based on NHANES 
2011–2014 data. Nutrients. 2023;15(20).

12.	 Zhou J, Meng X, Deng L, Liu N. Non-linear associations between metabolic 
syndrome and four typical heavy metals: data from NHANES 2011–2018. 
Chemosphere. 2022;291(Pt 2):132953.

13.	 Gbemavo MCJ, Bouchard MF. Concentrations of lead, Mercury, Selenium, 
and Manganese in blood and hand grip strength among adults living in the 
United States (NHANES 2011–2014). Toxics. 2021;9(8).

14.	 Chen K, Zhou J, Liu N, Meng X. Association of Serum Concentrations of Cop-
per, selenium, and zinc with grip Strength based on NHANES 2013–2014. Biol 
Trace Elem Res. 2024;202(3):824–34.

15.	 Lim C, Nunes EA, Currier BS, McLeod JC, Thomas ACQ, Phillips SM. An 
evidence-based Narrative Review of mechanisms of Resistance Exercise-
Induced Human skeletal muscle hypertrophy. Med Sci Sports Exerc. 
2022;54(9):1546–59.

16.	 Sayer AA, Cruz-Jentoft A. Sarcopenia definition, diagnosis and treatment: 
consensus is growing. Age Ageing. 2022;51(10).

17.	 Norman K, Hass U, Pirlich M. Malnutrition in older adults-recent advances and 
remaining challenges. Nutrients. 2021;13(8).

18.	 Cruz-Jentoft AJ, Sayer AA, Sarcopenia. Lancet. 2019;393(10191):2636–2646. 
doi: 10.1016/S0140-6736(19)31138-9. Epub 2019 Jun 3. Erratum in: Lancet. 
2019;393(10191):2590. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​0​​​1​6​​/​S​0​​1​4​0​-​6​7​3​6​(​1​9​)​3​1​4​6​5​-​5. 
PMID: 31171417.

19.	 Liedtke D, Hofmann C, Jakob F, Klopocki E, Graser S. Tissue-nonspecific Alka-
line Phosphatase-A gatekeeper of physiological conditions in Health and a 
modulator of Biological environments in Disease. Biomolecules. 2020;10(12).

20.	 Pinto CS, Ferreira F, Margarido I, Neves AL, Nunes JPL. Alkaline phospha-
tase and mortality in stroke patients: a systematic review. Ann Transl Med. 
2023;11(12):412.

21.	 Brichacek AL, Brown CM. Alkaline phosphatase: a potential biomarker for 
stroke and implications for treatment. Metab Brain Dis. 2019;34(1):3–19.

22.	 Kramer PA, Duan J, Qian WJ, Marcinek DJ. The measurement of reversible 
Redox Dependent post-translational modifications and their regulation of 
mitochondrial and skeletal muscle function. Front Physiol. 2015;6:347.

23.	 Kang SH, Do JY, Kim JC. Association between Alkaline Phosphatase and 
muscle Mass, Strength, or physical performance in patients on maintenance 
hemodialysis. Front Med (Lausanne). 2021;8:657957.

24.	 Iimori S, Mori Y, Akita W, Kuyama T, Takada S, Asai T, et al. Diagnostic useful-
ness of bone mineral density and biochemical markers of bone turnover in 
predicting fracture in CKD stage 5D patients–a single-center cohort study. 
Nephrol Dial Transpl. 2012;27(1):345–51.

25.	 Cheng X, Zhao C. The correlation between serum levels of alkaline phospha-
tase and bone mineral density in adults aged 20 to 59 years. Med (Baltim). 
2023;102(32):e34755.

26.	 Shu J, Tan A, Li Y, Huang H, Yang J. The correlation between serum total 
alkaline phosphatase and bone mineral density in young adults. BMC Muscu-
loskelet Disord. 2022;23(1):467.

27.	 Bover J, Urena P, Aguilar A, Mazzaferro S, Benito S, Lopez-Baez V, et al. Alkaline 
phosphatases in the Complex chronic kidney Disease-Mineral and Bone 
disorders. Calcif Tissue Int. 2018;103(2):111–24.

28.	 Kim SH, Choi G, Song Y, Yoon H, Jeong HM, Gu JE et al. Low muscle Mass in 
patients receiving hemodialysis: correlations with vascular calcification and 
Vascular Access failure. J Clin Med. 2021;10(16).

29.	 Akamatsu Y, Kusakabe T, Arai H, Yamamoto Y, Nakao K, Ikeue K, et al. Phase 
angle from bioelectrical impedance analysis is a useful indicator of muscle 
quality. J Cachexia Sarcopenia Muscle. 2022;13(1):180–9.

30.	 Kim MK, Baek KH, Kang MI, Park SE, Rhee EJ, Park CY, et al. Serum alkaline 
phosphatase, body composition, and risk of metabolic syndrome in middle-
aged Korean. Endocr J. 2013;60(3):321–8.

31.	 Sanchez de Medina F, Martinez-Augustin O, Gonzalez R, Ballester I, Nieto A, 
Galvez J, et al. Induction of alkaline phosphatase in the inflamed intestine: 
a novel pharmacological target for inflammatory bowel disease. Biochem 
Pharmacol. 2004;68(12):2317–26.

32.	 Mody N, Parhami F, Sarafian TA, Demer LL. Oxidative stress modulates 
osteoblastic differentiation of vascular and bone cells. Free Radic Biol Med. 
2001;31(4):509–19.

33.	 Beberashvili I, Samogalska O, Azar A, Stav K, Efrati S. Nutritional status and 
mortality predictability for time-varying serum alkaline phosphatase in 
Hemodialysis patients: a longitudinal study. J Ren Nutr. 2020;30(5):452–61.

34.	 Filipowicz R, Greene T, Wei G, Cheung AK, Raphael KL, Baird BC, et al. Associa-
tions of serum skeletal alkaline phosphatase with elevated C-reactive protein 
and mortality. Clin J Am Soc Nephrol. 2013;8(1):26–32.

35.	 Bano G, Trevisan C, Carraro S, Solmi M, Luchini C, Stubbs B, et al. Inflam-
mation and sarcopenia: a systematic review and meta-analysis. Maturitas. 
2017;96:10–5.

36.	 Pardhe BD, Pathak S, Bhetwal A, Ghimire S, Shakya S, Khanal PR, et al. Effect of 
age and estrogen on biochemical markers of bone turnover in postmeno-
pausal women: a population-based study from Nepal. Int J Womens Health. 
2017;9:781–8.

37.	 Emmanuelle NE, Marie-Cecile V, Florence T, Jean-Francois A, Francoise L, 
Coralie F et al. Critical role of Estrogens on Bone Homeostasis in both male 
and female: from physiology to Medical implications. Int J Mol Sci. 2021;22(4).

38.	 Seibel MJ. Biochemical markers of bone turnover: part I: biochemistry and 
variability. Clin Biochem Rev. 2005;26(4):97–122.

39.	 Lumachi F, Ermani M, Camozzi V, Tombolan V, Luisetto G. Changes of 
bone formation markers osteocalcin and bone-specific alkaline phos-
phatase in postmenopausal women with osteoporosis. Ann N Y Acad Sci. 
2009;1173(Suppl 1):E60–3.

40.	 Mukaiyama K, Kamimura M, Uchiyama S, Ikegami S, Nakamura Y, Kato H. Ele-
vation of serum alkaline phosphatase (ALP) level in postmenopausal women 
is caused by high bone turnover. Aging Clin Exp Res. 2015;27(4):413–8.

41.	 Mclntyre N, Rosalki S. Scientific foundations of Biochemistry in Clinical Prac-
tice. 2rd ed. Butterworth-Heinemann; 1994.

42.	 Kim JH, Lee HS, Park HM, Lee YJ. Serum alkaline phosphatase level is positively 
associated with metabolic syndrome: a nationwide population-based study. 
Clin Chim Acta. 2020;500:189–94.

43.	 Zhang L, Ma X, Jiang Z, Zhang K, Zhang M, Li Y, et al. Liver enzymes 
and metabolic syndrome: a large-scale case-control study. Oncotarget. 
2015;6(29):26782–8.

44.	 Wu H, Liu M, Chi VTQ, Wang J, Zhang Q, Liu L, et al. Handgrip strength is 
inversely associated with metabolic syndrome and its separate components 
in middle aged and older adults: a large-scale population-based study. 
Metabolism. 2019;93:61–7.

45.	 Kim HR, Han MA. Association between serum liver enzymes and metabolic 
syndrome in Korean adults. Int J Environ Res Public Health. 2018;15(8).

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1016/S0140-6736(19)31465-5

	﻿The correlation between serum alkaline phosphatase and grip strength in middle-aged and elderly people: NHANES 2011–2014
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study population
	﻿Measurement of serum alkaline phosphatase
	﻿Measurement of grip strength
	﻿Covariates
	﻿Statistical analysis

	﻿Results
	﻿Characteristics of the study population
	﻿Relationship between serum ALP and grip strength
	﻿Nonlinear relationship between serum ALP and grip strength

	﻿Discussion
	﻿Limitation

	﻿Conclusions
	﻿References


