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Dialysis patients who smoke are more hypertensive, more fluid overloaded
and take more antihypertensive medications than nonsmokers
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ABSTRACT
Background: Smoking remains a powerful risk factor for death in end-stage renal disease (ESRD)
and so is the presence of fluid overload. The relationship between smoking, blood pressure (BP)
control and volume overload is insufficiently explored in patients on maintenance dialysis.
Methods: This is a retrospective cross-sectional cohort study, utilizing existing patients’ data gen-
erated during routine ESRD care, including bimonthly protocol bioimpedance fluid assessment of
the volume status.
Results: We analyzed the data of 63 prevalent patients receiving thrice weekly maintenance
hemodiafiltration treatments at one rural dialysis unit in Hungary. The cohort’s mean±SD age
was 61.5±15.3 years; 65% male, 38% diabetic, with a mean arterial blood pressure (MAP)
99.5 ±16.8mmHg and Charlson score 3.79±2.04. Of these, 38 patients were nonsmokers and 25
smokers. The nonsmokers’ MAP was 94.3 ±14.0 versus smokers’ 105.9 ±18.9mmHg (p: .002); non-
smokers took an average 0.73 ±0.92 antihypertensive medications vs. 1.73 ±1.21 for smokers (p:
.0001). The distribution of taking more antihypertensive medications is skewed toward a higher
number among the smokers (2x5 chi square p: .004). By bioimpedance spectroscopy, nonsmokers
had an average 10.93± 7.65 percent overhydration (OH) over the extracellular space compared
to 17.63±8.98 in smokers (p: .005).
Conclusions: Smoking may be a significant mediator of not only BP but also of chronic fluid
overload in ESRD patents. Additional, larger studies are needed to explore the mechanistic link
between smoking and volume overload.
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Introduction

The cardiovascular mortality rate of dialysis patients is
about 10 to 20 times higher than that of the general
population based on USRDS data [1]. The study by
Foley reporting this excess risk [1] has been cited over
1600 times ever since 1998 to justify research and to
investigate the cardiovascular component of illness in
ESRD simply because the degree of increase in mortal-
ity is so astounding. Smoking represents a superim-
posed, additional layer of risk and been found to be a
major cause of mortality in the dialysis population by
others [2]. For patients with chronic kidney disease the
risk of cardiovascular events was 36% higher among
smokers than nonsmokers in a large (n: 6,245) observa-
tional study and the risk of death was increased by 48%
(RR, 1.48; 95% CI, 1.30–1.70) [3]. Dialysis patients who
smoked had an 65% higher hazard ratio for mortality in

a meta-analysis [2] using the data of 26 studies. It
appears, therefore, that smoking is a particularly toxic
habit for those who have kidney disease.

Smoking seems to exert its deleterious effects
through the acceleration of atherosclerotic disease. It
is highly controversial whether hypertension as
defined by high pre-HD blood pressure readings is an
independent risk factor for mortality in HD patients –
in fact, low pre-HD may be associated with higher
mortality. The contribution of hypertension to the
observed high risk in cardiovascular mortality in dialy-
sis patients being uncertain, it is logical to look for
additional mechanisms. In this study, we set out to
investigate possible relationships between smoking
and overhydration, an established independent pre-
dictor of increased cardiovascular mortality in this
population. We devised a data review to see if smok-
ing simply results in vasoconstriction or perhaps
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another mechanism may contribute to the develop-
ment of hypertension and increased mortality.

Methods

This is a cross sectional study of existing clinical data
obtained through the clinical practice at a for-profit
chain dialysis center in a rural environment in Hungary
where the overall prevalence of smoking was 28% in
2014 [4]. The study was approved both by the commer-
cial clinical provider (Fresenius Medical Care), as well as
the medical Research Council of Hungary (equivalent to
an independent review board), TUKEB permit number
27677-1/2019/EKU. Only aggregate data were utilized
safeguards were in place to ensure patient anonymity
and to prevent patient identification. All data collected
were obtained as part of general practice and no add-
itional data was used exclusively for research purposes.

We reviewed the data of 63 prevalent chronic
patients receiving in-center on-line hemodiafiltration.
All patients who had been dialyzed at our facility for at
least 2months were included in the study, with the
only exception of those with missing demographic, bio-
impedance or smoking status data. We used pre-dialysis
BP’s for comparison of mean arterial BP’s of the cohorts
and mid-week values for bioimpedance results. Mean

arterial pressure (MAP) was calculated as MAP ¼ 1/3
(SBP – DBP) þ DBP.

We used t test to detect significance between the
various parameters involving continuous data and we
used Chi square test for categorical data. Multivariate
regression analysis was also utilized when the associa-
tions determining fluid status and blood pressure
(mean arterial pressure) were examined. Statistics were
calculated using GraphPad 5.04 (San Diego, CA; USA)
and figures were graphed using the same. Multivariate
regression analysis was calculated by a professional
mathematician to predict outcome of multiple catego-
ries using IBM SPSS (Armonk, NY; USA). We set the
p value for significance to less than .05.

Results

Patients’ demographic data are displayed in Table 1.
Briefly, the mean± SD age of the smokers’ cohort was
61.5 ± 15.3 years, 65% male, 38% diabetic, MAP
99.5 ± 16.8mmHg and Charlson score 3.79 ± 2.04. Of
these, 38 patients were nonsmokers and 25 smokers.
Blood pressure data and bioimpedance measurements
are displayed in Table 2. The nonsmokers’ MAP was
94.3 ± 14.0 versus smokers’ 105.9 ± 18.9mmHg (p: .002);
systolic/diastolic pressures 146/68 ± 24/151 for

Table 1. Demographics.
Entire cohort Nonsmokers (n: 38) Smokers (n: 25) p

Male (%) 65 55 80 .044
Age (years) 61.5 ± 15.3 68.6 ± 13.9 50.7 ± 10.3 <.0001
Diabetic (%) 38.1 39.5 36.0 .785
Vintage (months) 77.1 ± 71.3 71.2 ± 60.5 85.9 ± 85.7 .428
Charlson score 3.79 ± 2.04 3.89 ± 2.12 3.64 ± 1.95 .633
Hemoglobin (g/dL) 10.9 ± 1.5 10.8 ± 1.5 11.2 ± 1.6 .248
OCM-Kt/V 1.68 ± 0.33 1.72 ± 0.32 1.61 ± 0.33 .175
Residual urine volume [mL] 460.9 ± 561.8 453.1 ± 562.3 471.7 ± 573.4 .904
NH Weight (kg) 81.3 ± 23.0 85.8 ± 24.9 74.3 ± 18.1 .060

Continuous variables as Means ± SD; OCM-Kt/V: On-line Clearance Measurement Kt/V; NH Weight: Normohydration Weight as
determined by the bioimpedance.

Table 2. Results.
Entire cohort Nonsmokers (n: 38) Smokers (n: 25) p

Systolic BP (mmHg) 151.7 ± 24.2 146.3 ± 21.5 160.0 ± 26.0 .026
Diastolic BP (mmHg) 73.3 ± 15.9 68.3 ± 13.6 80.9 ± 16.4 .001
MAP (mmHg) 99.5 ± 16.8 94.3 ± 14.0 107.3 ± 17.8 .002
Number of medications 1.1 ± 1.1 0.7 ± 0.9 1.8 ± 1.1 <.0001
Overhydration (Liters) 2.86 ± 2.74 2.58 ± 3.22 3.28 ± 1.73 .344
Percent overhydration 13.6 ± 8.7 10.9 ± 7.6 17.6 ± 8.9 .003
TBW (L) 37.9 ± 8.6 37.6 ± 9.2 38.4 ± 7.9 .730
ECW (Liters) 19.1 ± 4.2 19.1 ± 4.6 19.0 ± 3.6 .921
ICW (Liters) 18.8 ± 4.8 18.4 ± 4.8 19.4 ± 4.8 .476
LTM (kg) 36.1 ± 10.2 34.1 ± 9.3 39.2 ± 10.9 .067
Relative LTM (%) 44.7 ± 11.8 40.4 ± 9.8 51.2 ± 11.7 <.0001
Fat (kg) 32.3 ± 13.8 36.6 ± 9.8 25.7 ± 10.3 .002
Relative fat (%) 37.7 ± 8.9 41.2 ± 7.6 32.4 ± 8.2 .0001

Actual values of variables (mean ± SD) examined in the entire cohort then the two separate cohort; p values calculated
by Student’s t test. TBW: Total; Body Water; ECW: Extracellular Water; ICW: Intracellular Water; LTM: Lean Tissue Mass.
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nonsmokers 160/80 ± 15/73mmHg for smokers (p: .02
for systolic and p: .001 for diastolic values). Figure 1
shows nonsmokers took an average 0.73 ± 0.92 antihy-
pertensive medications vs. 1.73 ± 1.21 for smokers (p:
.0001). The distribution of antihypertensive medications
taken is skewed toward a higher number among the
smokers (2� 5 chi square p: .004). While 50% of non-
smokers took no antihypertensive medications at all,
this rate was only 19% among the smokers. At the
same time, only 7.9% (3 of the 38) nonsmokers took 3
antihypertensive medications and none took 4; the
smokers’ proportion of taking 3 antihypertensive medi-
cation was 30.8% (8 of 25) and one patient was
even on 4 antihypertensive medications in this group
(Figure 2). Most importantly, nonsmokers had an aver-
age 10.93 ± 7.65 percent overhydration (OH%) by

bioimpedance spectroscopy versus smokers’ relative
overhydration was 17.63 ± 8.98 percent over the extra-
cellular water space (p: .005) (Figure 3).

Table 1 also shows that the smokers’ cohort was
almost 18 years younger, 80% were male as opposed
to 55% male in the nonsmoker group. Furthermore,
Table 2 shows that their relative muscle mass (lean tis-
sue mass) was greater and relative fat mass was smaller.
We also performed a multivariate regression analysis for
the determinants of percent-overhydration and blood
pressure medications. On multivariate regression ana-
lysis, smoking emerged as the sole significant factor
associated with increased antihypertensive medications
use while no other factors including such as age, dialy-
sis vintage, diabetic status, Charlson score of comorbid-
ity, hemoglobin and online-measured (OCM) Kt/V
reached statistical significance. The multivariate coeffi-
cient was 1.213 to a significant degree (p: .001) for
smoking. As shown in Table 3, smoking status was the
only significant factor predicting overhydration. The
multivariate regression coefficient for percent overhy-
dration (OH%) (Table 3) as a dependent variable was
9.905 and it was statistically significant (p: .001) while
all other above-mentioned independent variables’
multivariate coefficients were not statistically signifi-
cant. For the MAP only age had a statistically significant
(<.0001) bearing with a coefficient of �0.605 but not
smoking. For absolute lean tissue mass (LTM) smoking
had not an influence and for the relative LTM the multi-
variate coefficient was not significant at 6.076 (p: .087).
For the relative LTM% the only significant (p: .035) coef-
ficient was for the diabetic status �7.747. For absolute
fat mass the multivariate regression coefficient was of
�13.321 (p: .005) and this significance remained present
for percent fat mass at �6.506 (p: .02). Though these
issues regarding fat and lean tissue mass were not the

Figure 1. Pre-dialysis mean arterial blood pressure distribu-
tion between nonsmoker and smoker patients receiving thrice
weekly hemodiafiltration.

Figure 2. Histogram, depicting the percent distribution of the
number of antihypertensive medications taken by nonsmoker
and smoker patients receiving hemodialfiltration.

Figure 3. Percent overhydration among nonsmoker and
smoker patients (n: 58) receiving hemodiafiltration.
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subject of our investigation, there may be a well-recog-
nized association between smoking and fat mass.
Figure 4 shows the ambulatory blood pressure monitor-
ing (ABPM) tracing of a patient who smoked while
wearing the monitor thus giving us an accidental
opportunity to observe what actually happens to blood
pressure while smoking compared to the rest of the
time on ABPM.

Discussion

Smoking causes blood pressure elevation by several
mechanisms including an impairment of endothelium-
dependent vasodilation [5] and endothelial injury [6].
Smoking also causes acute increases in norepinephrine
and epinephrine causing acute blood pressure eleva-
tion [7] (Figure 4) and an increase of sympathetic

outflow [8]. Smoking also alters the vascular shear force
and blood rheology thus exacerbating vascular damage
[9,10] and a risk factor for chronic kidney disease in ani-
mal models [11]. Nicotine containing chewing gums,
transdermal patches and IV infusion of nicotine all
cause acute blood pressure elevations [10] thus nicotine
can be implicated in the smoker dialysis patients’ pre-
dialysis blood pressures which we found to be signifi-
cantly higher than others. While nicotine may be one of
the important toxins of cigarette smoking carbon mon-
oxide may be another more important toxin [12], hav-
ing the greatest concentration at the time of smoking.
These studies cited above and also our ABPM tracing of
a non-dialysis patient in Figure 4 indicate that this
effect of acute blood pressure elevation might be gen-
eralizable to both the dialysis and non-dialysis popula-
tion. The blood pressures tallied for this study were all
pre-dialysis BP’s. Furthermore, all patients on dialysis
who smoke were interviewed and asked whether they
did smoke a cigarette just before entering the dialysis
suite’s waiting room and 100% of them gave an
affirmative answer. They admitted that they always
smoke before their dialysis sessions; again, indicating
the possibility that a single cigarette just before dialysis
may be sufficient to raise pre-dialysis blood pressure.
This may actually partially explain their higher BP as
well as why they are on more antihypertensive medica-
tions and ultimately more fluid overloaded. Smoking
has been a well-established risk factor for congestive
heart failure, one manifestation of fluid overload in the
non-dialysis, general population [13] as well as in the
dialysis population at dialysis initiation due to refractory
congestive heart failure [14]. We believe there might be
a different mechanism at play in this special, dialysis
cohort. Our working theory is that the rounding physi-
cians are more likely to prescribe antihypertensive med-
ications to these more severely hypertensive patients at
the beginning of their dialysis sessions. However, we
have shown that escalating antihypertensive

Table 3. Multivariate regression analysis results of a model for pre-dialysis percent overhydration using predic-
tors in the first column.

Unstandardized Coefficients
Standardized Coefficients

Model B Std. Error beta t Significance

(constant) 1.36 12.659 0.107 .915
Male gender �1.73 2.391 �0.094 �0.723 .473
Age (years) 0.07 0.089 0.113 0.727 .471
DM 4.37 2.832 0.246 1.543 .129
Smoking status 9.91 2.765 0.557 3.582 .001
Vintage (months) �0.01 0.016 �0.044 �0.339 .736
Charlson score 0.19 0.626 0.044 0.297 .767
Hemoglobin �0.88 0.734 �0.163 �1.192 .239
OCM-Kt/V 7.67 3.953 0.281 1.932 .059

OCM-Kt/V: on-line Kt/V measurement results.

Figure 4. The author’s own observation on an 8-h ABPM
(Ambulatory Blood Pressure Monitoring) revealing an acute
blood pressure elevation at 09:30, 13:30 and 16:00, the exact
time when the patient indicated that she smoked a cigarettes,
Also note, that incidentally a severe white coat effect is also
observable as the initial blood systolic pressure is over
200mmHg yet the sustained blood pressure is around
150mmHg.
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medications in the dialysis population does not ameli-
orate blood pressure control [15] this approach may
actually contribute to the preservation of hypertensive
status. There may be many reasons why this happens
but we speculated that antihypertensive medications
prevent adequate fluid removal during. We found by
bioimpedance measurements that the polypharmatized
dialysis patients’ number of antihypertensive medica-
tions – including diuretics – had a strong (r: 0.54 p:
<.0001) correlation with their fluid overload [16].
Patients with multiple antihypertensive medications run
the risk of not tolerating adequate fluid removal even
though “avoiding medication-directed control of BP
may enhance the opportunity to probe dry-weight,
facilitate removal of volume, and limit the risk for pres-
sure-volume overload, which may be a significant con-
cern” [17]. Thus, it seems that pre-dialysis smoking
initiates a spiral of acute blood pressure elevation that
prompts physicians to prescribe antihypertensive medi-
cations that prevent adequate fluid removal during dia-
lysis because of intradialytic hypotension and
pharmacological blockade of the physiological response
to fluid loss. This may further exacerbate smoker dialy-
sis patients’ hypertension because they will be more
fluid overloaded. Others [18] have also found that dialy-
sis patients who smoke have more lung water when
measured by lung ultrasound comets, perhaps due to
the same mechanism. We examined the possibility that
the phenomenon of fluid excess among smokers may
simply be the result of the smokers’ demographics,
namely that smaller patients, young people and males
have been shown [16] to have more fluid overload,
however, the multivariate regression model failed to
confirm this. Notwithstanding, our finding of fluid over-
load among smokers is somewhat of a surprise and
may need further exploration as to why or by what
mechanism do smokers become fluid overloaded more
than nonsmokers. We acknowledge that there may be a
number of other mechanisms affecting the pre-dialysis
blood pressure such as increased thirst, anxiety, appre-
hension etc., we put forward speculation of a mechan-
ism as above.

While it is admittedly the weakness of the study that
the total number of dialysis patients is relatively low,
the statistical strength of our findings with p values less
well below .01 makes us confident of the validity of the
study. This is an observational, retrospective study, not
a trial; therefore a cause and effect association could
not be stated. We still feel, however, that these observa-
tions, namely that smoking may be associated with
fluid overload are clinically important findings. We con-
clude that smoker dialysis patients’ blood pressure may

be more volume-related than that of nonsmokers in
addition to the other deleterious effects of smoking.

Ethical approval

Research involving Human Participants and/or Animals: This
was a non-interventional, retrospective cohort study using
existing data and its analysis. No clinical data was solely pro-
duced for research purposes. Patients identity was masked
and data deidentified; only cumulative data were used. The
study was reviewed and approved by the Medical Research
Council of Hungary (TUKEB permit number 27677-1/2019/
EKU). All patients signed informed consents to use their de-
identified cumulative data in clinical studies.

Disclosure statement

MT and MF are current and TF is a former employee of
Fresenius Medical Care, Hungary. MT and TF is current
employee of the United States Veterans Health
Administration. However, the views and opinions expressed
herewith do not reflect the official views or opinion or
endorsed by the FMC Hungary or the United States Veteran
Health Administrations.

Data availability

De-identified data used to support the findings of this study
are available from the corresponding author upon request.
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