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ORIGINAL ARTICLE
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ABSTRACT
Background: Voiding dysfunction became a difficult problem for the elderly because of the
underactive bladder (UAB). It was considered that the degeneration of detrusor muscle was the
main etiology. In recent years, more articles focus on relationship between UAB and decreased
muscle strength. Besides, handgrip strength (HGS) is an early indicator to detect frailty and
muscle weakness in systemic reviews.
Method: Our study involved 2258 males from NHANES datasets (2011–2012, who were divided
into quartiles by urine flow rate (UFR), which was measured by uroflowmetry. Multivariate
regression models were performed to analyze the associations between UFR and HGS.
Results: The UFR had a positive correlation to the HGS by multivariate regression models in
males (b coefficient: 1.348, 95% confidence interval (CI): 0.530, 2.166, p¼ 0.001). The male partic-
ipants with the highest quartile of UFR have a greater HGS than those with lowest quartile of
UFR (b coefficient: 4.546, 95% CI: 2.462, 6.630, p< 0.001). Higher UFR was associated with lower
odds of low HGS (OR: 0.489, 95% CI: 0.350, 0.684, p< 0.001) in the fully-adjusted model.
Conclusions: Our research highlighted that the UFR had a strong associated with the HGS in
the healthy group.
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Introduction

Voiding dysfunction which is generally divided into
obstructive symptom or underactive symptom is cer-
tainly one of the problems of high prevalence bother-
ing the elderly in the aging society. In a large U.S.
cohort study showed men with low urinary tract
symptom (LUTS) had a worse health status [1]. In the
perspective of histology, men aged over 80-year-old
almost develop benign prostatic hyperplasia (BPH).
However, but the degree of urinary symptom caused
by the BPH is highly variable. In addition to BPH,
another common etiology of voiding symptom is an
impaired bladder contractility and even an acontractile
bladder [2]. According to the statistics, approximately
one-third of the patients’ diagnosis of BPH still had
the urinary problem even after BPH surgery. It was
suggested that the cause of voiding symptom is multi-
factorial, especially underactive bladder (UAB) played
the important rule in urinary dysfunction.

In recent years, more articles focused on the rela-

tionship between UAB contraction and the age-related

loss of muscle mass and muscle strength [3,4]. The

UAB caused by neurogenic, myogenic, aging, and

drug side effects was also known as detrusor smooth

muscle underactivity. Besides, reduced handgrip

strength (HGS) was an early indicator of sarcopenia or

dynapenia in the systemic review [5]. To the best of

our knowledge, reduced muscle strength in aging

would be accompanied with increased comorbidity

and mortality of the elderly [6–9]. Many articles took

the HGS as a standard for assessing muscle strength

due to feasibility and convenience [10–12] in all popu-

lation. Urinary flow rate (UFR) is a non-invasive screen-

ing tool to evaluate and quantify voiding, which is

influenced by detrusor contraction strength and blad-

der outlet resistance. In our study, we provide the

association between UFR and HGS in the

healthy group.
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Methods

Study design and participants selection

During the period 2011–2012, a cross-sectional
research including 2258 participants who involved the
program at the National Health and Nutrition
Examination Survey (NHANES) was performed. The
subjects with missing data such as biochemical exami-
nations, body composition measurement, and urine
collection were also excluded. These eligible partici-
pants were divided into four groups based on the
urine flow rate (UFR) quartiles: Q1¼UFR< 0.449,
Q2¼ 0.449<UFR< 0.736, Q3¼ 0.736<UFR< 1.238,
Q4¼UFR> 1.238. The NCHS Institutional Review
Board (IRB) had permitted the NHANES research proto-
col. The whole informed consents from every eligible
participant were obtained after explaining the whole
processes. All experimental methods were performed
in accordance with the relevant guidelines and regula-
tions of the CDC.

Measurement of urine flow rate

The UFR was earned with uroflowmetry and unit is
(mL/min). Urine excretion rate (mg/min) was a meas-
urement of the quantity of urine produced in a speci-
fied period of time. The urine excretion rate (mg/min)
is the product of the UFR (mL/min) and the urine ana-
lyte concentration (mg/mL). Before coming to the
mobile examination center (MEC), the subjects had to
record their last urination time. Next, they would
record the voiding time and volume of the urine sam-
ple and count the UFR three times. Collection of speci-
mens was divided into different containers to
guaranteeing enough data for various analyses. The
composite UFR (mL/min) was measured as dividing
total urine volume collected by the total time covered
by all collected voids [13].

Description of laboratory methodology

Before coming to the MEC, the subjects had to record
their last urination time. Next, they would record the
voiding time and volume of the urine sample and
count the UFR three times. Collection of specimens
was divided into different containers to guaranteeing
enough data for various analyses. Every participant
had three data of maximum UFRs by each urinary, but
the final data was collected depending on the total
number of spot urines in the MEC. The following dia-
gram presented the protocol for collecting urine sam-
ples and recording time duration for each voiding.

Measurement of handgrip strength

The participants squeezed the dynamometer with
maximal force maintaining with the hand vertical to
the ground for 5 s. We measured the best of three val-
ues for each hand to determine the muscle strength.
We defined low muscle strength as the participants
with the lowest strength of handgrip tertiles in
our research.

Measurement of the covariates

All people were drawn to the blood sample according
to the standard procedure. All samples would be proc-
essed, preserved and transported to the Collaborative
Laboratory Services for examination. Aspartate amino-
transferase (AST) was measured by using the enzym-
atic rate method in the DxC800 Chemistry Analyzers.
Albumin concentration was exanimated by a bichro-
matic digital endpoint method. Chemical analyses of
serum total cholesterol level were performed by the
timed-endpoint method. The variety in absorbance at
520 nm and the TC level are in direct proportion. The
level of the serum creatinine was evaluated based on
the Jaffe rate method.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS)
software program, version 18.0 was adopted for the
statistical analysis in our research. We defined the
threshold for statistical significance as the p-value of
�0.05. Besides, we presented four extended-model
methods for variables adjustment. Unadjusted model
1 and estimated multivariable-adjusted models 2–4
were investigated. Model 2 was adjusted for age and
race. Model 3 was further adjusted for BMI and bio-
chemical biomarkers; Model 4 was adjusted for past
medical histories, including arthritis, congestive heart
failure, coronary heart disease, angina, heart attack,
and smoking. Last, logistic regression was examined
for the correlation between UFR and the presence of
low muscle strength.

Result

Characteristics of the study participants of urine
flow rate association with handgrip strength

All 2258 individuals who participated in the program
in NHANES from 2011 to 2012 were stratified by bio-
chemical and demographic data according to UFR
quartiles shown in Table 1. The people with greater
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HGS or young age had tended to higher UFR com-
pared to the participants in the lower quartiles
(p< 0.005). On the aspect of biochemistry data, higher
albumin or lower creatinine had a significant tendency
to higher urine flow. On the contrary, the subject’s his-
tory of arthritis had worse urine flow (p< 0.001). Other
data such as BMI, Waist circumference, SBP, AST,
serum TC, serum FG, race and cardiogenic disease
however, had no obvious relationship to the UFR
(p> 0.025). The distribution of the quartiles of UFR
and HGS is shown in Figure 1.

Association between urine flow rate and hand
grip strength

The regression models listed in Table 2 showed that
HGS had a direct correlation to the UFR in the
unadjusted models (b coefficient: 2.310, 95% CI: 1.357,
3.263, p< 0.001). Noticeably, the result remained sig-
nificant in total adjusted model. (model 2: p< 0.001,
model 3: p< 0.001, model 4: p< 0.001).

Association between the quartiles of urine flow
rate and hand grip strength

The relationship between the HGS and UFR quartiles
was shown in Table 3. For male participants, the b
coefficients of a total adjusted model for each quartile
were 2.935 (CI 0.781–5.089, p¼ 0.008), 3.876 (CI
1.763–5.989, p< 0.001) and 4.546 (CI 2.462–6.630,
p< 0.001), respectively. Collectively, the male partici-
pants with the highest quartile of UFR have a greater
HGS than those with the lowest quartile of UFR (b
coefficient: 4.546, CI: 2.462, 6.630, p< 0.001).

Odd ratios of the presence of low muscle strength
categorized by the quartiles of the UFR

The quartile-based multivariate logistic regression
models were investigated to clarify the association
between low muscle strength and UFR (Table 4). In
model 4, the odds ratios of the low muscle strength
for each quartiles of the UFR were 0.668 (0.486–0.919,

Table 1. Characteristics of study participants.
Quartiles of urine flow rate

Characteristics of
study participants

Q1 (<0.449)
(n¼ 565)

Q2
(0.449–0.736)
(n¼ 564)

Q3
(0.736–1.238)
(n¼ 566)

Q4 (>1.238)
(n¼ 563)

Total
(n¼ 2258) P Value

Continuous variables, mean (SD)
Hand grip

strength (kg)
83.80 (19.80) 85.90 (19.43) 88.37 (18.73) 89.38 (18.48) 86.86 (19.22) <0.001

Age (years) 49.09 (19.65) 48.12 (18.34) 47.27 (17.67) 44.91 (17.09) 47.35 (18.27) 0.001
BMI (kg/m2) 27.93 (5.96) 27.99 (5.86) 28.58 (6.17) 28.43 (6.11) 28.23 (6.03) 0.186
Waist

circumference
(cm)

98.76 (16.47) 99.19 (16.44) 100.27 (15.14) 100.03 (16.51) 99.57 (16.15) 0.369

SBP (mmHg) 124.77 (17.19) 126.61 (18.60) 125.30 (16.43) 125.02 (15.96) 125.42 (17.06) 0.299
Albumin (g/dL) 4.33 (0.34) 4.38 (0.31) 4.37 (0.31) 4.43 (0.31) 4.38 (0.32) <0.001
AST (U/L) 26.69 (13.11) 27.87 (19.04) 28.56 (28.77) 27.58 (13.02) 27.67 (19.57) 0.473
Serum TC (mg/dL) 181.07 (41.91) 186.86 (42.36) 187.78 (41.08) 186.88 (41.33) 185.64 (41.73) 0.033
Creatinine (mg/dL) 1.06 (0.40) 1.02 (0.30) 1.00 (0.20) 0.97 (0.30) 1.01 (0.31) <0.001
Serum FG (mg/dL) 106.01 (39.49) 103.55 (35.23) 103.00 (42.75) 103.29 (44.23) 104.00 (40.56) 0.565
Categorical variables, n (%)
Race/ethnicity 0.813
Mexican
American

67 (11.9) 57 (10.1) 51 (9.0) 54 (9.6) 229 (10.1)

Other Hispanic 45 (8.0) 56 (9.9) 50 (8.8) 55 (9.8) 206 (9.1)
Non-Hispanic white 181 (32.0) 197 (34.9) 243 (42.9) 237 (42.1) 858 (38.0)
Non-
Hispanic black

187 (33.1) 156 (27.7) 135 (23.9) 108 (19.2) 586 (26.0)

Other 85 (15.0) 98 (17.4) 87 (15.4) 109 (19.4) 379 (16.8)
Disease
Arthritis 316 (29.4) 295 (24.5) 322 (24.8) 273 (20.5) 1206 (20.6) <0.001
Congestive

heart failure
23 (4.2) 19 (2.7) 17 (3.1) 10 (1.8) 69 (3.2)

Coronary
heart disease

32 (5.8) 25 (4.6) 23 (4.2) 21 (3.9) 101 (4.6) 0.408

Angina pectoris 17 (3.1) 10 (1.8) 13 (2.4) 9 (1.7) 49 (2.2) 0.847
Heart attack 28 (5.1) 29 (5.3) 17 (3.1) 20 (3.7) 94 (4.3) 0.456
Smoking 296 (53.9) 290 (53) 289 (52.5) 283 (52.1) 1158 (52.9) 0.805

BMI: body mass index; SBP: systolic blood pressure; Serum FG: serum fasting glucose; Serum TC: serum total cholesterol; AST: aspartate aminotransferase;
Serum CRP: serum C-reactive protein; Serum HDL: serum high-density lipoprotein.
aValues were expressed as mean (standard deviation).
bValues in the categorical variables were expressed as number (%).
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p¼ 0.013), 0.535 (0.387–0.741, p< 0.001), 0.489
(0.350–0.684, p< 0.001), respectively. Taken together,
males with higher quartiles of UFR tended to have a
lower risk of low muscle strength.

Discussion

In our cross-sectional study, we explored the relation-
ship between UFR and HGS. Notably, our study pro-
vided evidences that the UFR had a strongly positive
association with HGS in all adjusted models. Greater
UFR quartiles presented a prominent correlation with
greater strength of handgrip in all models. We
observed the dose-dependent relationship between
the rate of urine flow and strength of the handgrip.
Furthermore, the higher rate of urine flow was signifi-
cantly associated with the presence of low
muscle strength.

In recent years, some articles showed the relation-
ship among handgrip, testosterone and LUTSs. Several
kinds of research showed that grip strength had a

significant association with testosterone [14,15]. In a
population-based cohort study published in 2015,
Sean Martin reported that HGS and testosterone levels
had a negative correlation with LUTSs [16]. In the new
article by Anne M. Suskind, indicated that frailty, aging
might be linked to LUTSs such as the UAB [17]. Karim
and his colleagues indicated that testosterone therapy
had a prominent improvement in people with urinary
problems or frailty [18,19]. The previous study
between arthritis and UFR is rare. Lee [20] showed
that people with rheumatic arthritis combined with
Sj€ogren’s syndrome had greater severity of LUTSs due
to chronic inflammation which affected all body
organs. Emerging evidence revealed that low glomeru-
lar filtration rate had a positive correlation with high
HGS [21]. The consequence of the article above was
consistent with our study that a low UFR was a bio-
marker to detect lower HGS in the specific group.
Especially, our article is the first one to explore the
effect of biochemical values on the UFR. It is also the
first large-scale study to analyze the correlation

Figure 1. Relationship between the quartiles of urine flow rate and handgrip strength.

Table 2. Regression coefficients of urine flow rate for hand grip strength.

Variables

Model 1 Model 2 Model 3 Model 4

b (95% CI) P Value b (95% CI) P Value b (95% CI) P Value b (95% CI) P Value

Urine flow rate 2.310 (1.357,3.263) <0.001 1.518 (0.679, 2.357) <0.001 1.382 (0.564, 2.200) 0.001 1.348 (0.530, 2.166) 0.001

Model 1¼ unadjusted.
Model 2¼Model 1 þage, race/ethnicity.
Model 3¼Model 2 þBMI, serum fasting glucose, serum cholesterol, AST, serum albumin, serum creatinine, SBP, waist circumference.
Model 4¼Model 3 þhistories of arthritis, congestive heart failure, coronary heart disease, angina, heart attack, and smoking.
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between UFR and HGS in all healthy populations.
Although the subject has no complaints of dysuria,
the UFR has decreased potentially with the decrease
of grip strength. In the end, it is a relatively new topic
to compare the relationship between low muscle
strength and UFR.

To the best of our knowledge, the low UFR was
regarded as a kind of bladder voiding disorder
describing UAB due to detrusor underactivity [22].
Detrusor underactivity defined as a lower contract
strength leading to weak stream or prolonged bladder
empty time in accordance with the International
Continence Society [23]. Previous studies indicated
that poor voiding function such as poor urinary
stream has resulted from both myogenic and neuro-
genic mechanisms [24]. In S. A. GILPIN’s research
involving people from age 20 to 79-year-old, he
observed that the nerves with acetylcholinesterase in
detrusor muscle had a negative correlation with age.
Therefore, the stimulation of the detrusor muscle
would be decreased resulting in the decline of
detrusor contractility. Moreover, a similar finding dis-
covered by the electron microscope that the numbers
of axon profiles and smooth muscle cells revealed an
obvious linear reduction with age [25]. Elbadawi [26]
found that some microscopic changes such as the
detrusor muscle fibrosis with loss and the axonal
degeneration observed in people with UAB.
Furthermore, the new research by Ito et al. [27] pre-
sented that the patients with UAB expressed reduced
activity in the M3 muscarinic receptor. According to

many articles shown above, it is certainly that aging
played an important role in the decline of muscle
strength such as detrusor muscle leading to the UAB.
In recent years, scientists had found the complex
aging process to cause loss of muscle mass and
strength [28]. Aging was thought to be related to
reduced numbers of muscle fibers and motor units
resulting in the decline of muscle mass [29–31].

Besides, the decline of muscle fiber may be related
to apoptosis which neuron degeneration and even
loss would be revealed [32]. It is suggested that not
only detrusor smooth muscle but skeletal muscle had
a similar neuromuscular change in aging. The study
[33] showed the people with muscle wasting and
weakness had decreased functioning motor units and
slowly impulse conduction in distal regions of axons
of their extensor digitorum brevis muscles. Relative
search [34,35] showed the older people had reduced
skeletal muscle fibers and contractility than the
younger group. Recently, many articles took the
strength of handgrip as a predictor of the strength of
muscle due to its suitable and convenience [36,37].
Therefore, we believed that aging-related low muscle
strength is extensive, including smooth muscle and
skeletal muscle. The inference was reasonable accord-
ing to the result of our study that lower UFR had a
significant association with lower HGS.

There were several limitations in our article. First, it
was not a longitude study but a cross-sectional study
so that we acquired limited causal inference between
UFR and HGS. Secondary, the assessment of the

Table 3. Association between the quartiles of urine flow rate and hand grip strength.

Variables

Models

Model 1 Model 2 Model 3 Model 4

Quartiles of urine flow rate b (95% CI) P Value b (95% CI) P Value b (95% CI) P Value b (95% CI) P Value

Q2 vs. Q1 3.690 (1.161,6.219) 0.004 2.850 (0.626,5.074) 0.004 2.920 (0.769,5.07) 0.008 2.935 (0.781,5.089) 0.008
Q3 vs. Q1 5.170 (2.692,7.649) <0.001 3.980 (1.800,6.161) <0.001 3.881 (1.768,5.994) <0.001 3.876 (1.763,5.989) <0.001
Q4 vs. Q1 7.281 (4.854,9.707) <0.001 5.022 (2.882,7.163) <0.001 4.551 (2.466,6.635) <0.001 4.546 (2.462,6.630) <0.001

Model 1¼Unadjusted.
Model 2¼Model 1 þage, race/ethnicity.
Model 3¼Model 2 þBMI, serum fasting glucose, serum cholesterol, AST, serum albumin, serum creatinine, SBP, waist circumference.
Model 4¼Model 3 þhistories of arthritis, congestive heart failure, coronary heart disease, angina, heart attack, and smoking.

Table 4. Association between the quartiles of urine flow rate and low muscle strength.

Variables

Low muscle strength

Model 1 Model 2 Model 3 Model 4

Quartiles of urine flow rate OR (95% CI) P Value OR (95% CI) P Value OR (95% CI) P Value OR (95% CI) P Value

Q2 vs. Q1 0.662 (0.499–0.877) 0.004 0.654 (0.479–0.891) 0.007 0.677 (0.493–0.93) 0.016 0.668 (0.486–0.919) 0.013
Q3 vs. Q1 0.524 (0.393–0.699) <0.001 0.533 (0.389–0.73) <0.001 0.539 (0.39–0.746) <0.001 0.535 (0.387–0.741) <0.001
Q4 vs. Q1 0.423 (0.314–0.569) <0.001 0.474 (0.343–0.655) <0.001 0.492 (0.352–0.688) <0.001 0.489 (0.350–0.684) <0.001

Model 1¼Unadjusted.
Model 2¼Model 1 þage, race/ethnicity.
Model 3¼Model 2 þBMI, serum fasting glucose, serum cholesterol, AST, serum albumin, serum creatinine, SBP, waist circumference.
Model 4¼Model 3 þhistories of arthritis, congestive heart failure, coronary heart disease, angina, heart attack, and smoking.
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detrusor pressure by cystometry was not available in
the dataset. Although the assessment of the maximum
UFR was currently the most common method to
measure obstructive urination, the average UFR might
be a useful indicator to detect detrusor muscle weak-
ness while focusing on the aging process of healthy
population. Next, the generalization of the finding to
the female population may be precluded because of
only male participants in our study. Last, recall bias
would exist because we acquired the participant’s past
medical history by questionnaire.

Conclusions and implications

Our research showed that the greater UFR was signifi-
cantly correlated with greater HGS in the healthy
population. Besides, the weak urine stream had a
strong association with low muscle strength in the
specific group. Furthermore, it is inferred that
the decline of muscle strength was affected not only
the skeletal muscle but the smooth muscle such as
detrusor muscle even in the healthy individuals. In
other words, we found that the simultaneous decline
in UFR and muscle strength occurs in the healthy
population. This consequence will be helpful for us to
identify the etiology of urinary dysfunction. Compared
the UFR with HGS will be a clue to identify detrusor
muscle underactivity. Although the healthy subjects
did not have urinary symptoms, the UFR also poten-
tially decreased synchronously as decreased HGS.
Moreover, the degeneration of muscle power is not
simply occurred in the elder. Voiding symptom is a
disease involving multiple factors of dysregulation. In
addition to the evaluation of the UFR, there will be
more biological indicators to assess the etiology of the
urinary problem to get the appropriate and precise
treatment for patients in the future.
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