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ABSTRACT

Aims: Interdialytic weight gain (IDWG) was shown to be associated with mortality and correlated with long-term glycemic
indices in diabetic hemodialysis (DHD) patients. The aim of this study was to investigate the association between glycemic
variability (GV) and IDWG in DHD patients.

Methods: 82 DHD patients were studied for 6 months. Six measurements of monthly predialysis glucose were used to calculate
glycemic indices. The weight gain over the dry weight of the last 10 consequent hemodialysis sessions was measured for each
patient to calculate IDWG.

Results: IDWG was positively correlated with GV, HbAlc (p=0.025, r=0.247 and p=0.006, r=0.304, respectively) and inversely
correlated with age (p=0.01, r=-0.283). GV was positively correlated with HbAlc (p<0.001, r=0.638), mean predialysis
glucose (p<0.001, r=0.737) and negatively correlated with serum sodium (p=0.014, r=-271). HbAlc and age were found to be
independently related to IDWG after linear regression analysis.

Conclusion: GV should be taken into account to improve IDWG in DHD patients.
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INTRODUCTION

Diabetes mellitus is the leading cause of end-stage renal
disease and glycemic control is associated with mortality
in diabetic hemodialysis (DHD) patients."* Glycemic
control has been based on long-term glycemic indicators.
Recently, not only long-term control, but also glycemic
variability (GV) is found to have important clinical
outcomes in diabetic patients.* GV has been put forth as
an alternative glycemic indicator in the past decade and
the number of studies about the impact of GV in literature
is still increasing. GV is defined as the fluctuations of
glucose or long-term glycemic indices over a certain
time. GV can be calculated either as short-term (ie by
continuous glucose monitoring devices within hours or
a few days) or as long-term (ie by visit to visit glucose
measurements within weeks or months). GV is found
to be related to coroner artery disease, cerebrovascular
disease, diabetic neuropathy, retinopathy, nephropathy,
and even mortality in diabetic population.>* Even before
the onset of diabetes, GV was found to be related to the
occurrence of diabetes, macrovascular complications
and mortality.>® GV was also studied in end-stage renal
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disease patients. It was found to be associated with severe
hypoglycemia in DHD patients, and also with mortality
in both DHD and peritoneal dialysis patients.””

Interdialytic weight gain (IDWG) is described as the
weight gain over the dry weight to express excess water
between two dialysis sessions in hemodialysis (HD)
patients. It has been recommended that IDWG should
be less than 4%-4.5% of dry weight."” IDWG was related
to intradialytic hypotension, higher blood pressure,
increased hospital admissions, extra HD sessions
and thereby increased costs in previous studies.''*?
Moreover, IDWG is shown to be related to poor survival
in DHD patients."*"* Concordantly, decreased IDWG
was associated with less intradialytic cardiac damage.'®
IDWG is found to be higher in DHD patients than
non-diabetics and also to be correlated with HbAlc
levels.”»'”'® However, the impact of GV on IDWG has
not been studied yet. The aim of our study is to search
the association between GV and IDWG in diabetic HD
patients.
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METHODS

The study was carried out with the permission of the KTO
Karatay University Medical Faculty Clinical Researches
Ethics Committee (Date: 21.09.2022, Decision No:
E-41901325-200-43559-024) and carried out in compliance
with Helsinki declaration. This study was performed in
two HD centers between January and July 2022. 82 DHD
patients aged over 18 years who were at least 3 months on
HD were enrolled in this study. Patients who were under 18
years, who had blood transfusion in the past 3 months, who
had hemoglobinopathies, who had residual diuresis more
than 100 ml/day and whose data were missing more than
1 measurement were not included in the study. They were
all on a 4 hours, thrice-weekly HD schedule, using low flux
membranes. Dialysate fluid glucose concentration was 100
mg/dl and sodium concentration was 138 mEq/L. Dialysis
adequacy was calculated as Kt/V. Patient characteristics
like gender, age, weight and height were noted. Body mass
index (BMI) was calculated for each patient as kilograms/
squared meters. Serum creatinine, blood urea nitrogen,
sodium, potassium, calcium, phosphorus, albumin,
parathormone and complete blood count samples were
acquired just before the beginning of the HD session.

Glycemic Indices

Serum glucose samples were obtained predialysis once
monthly for six months as spot glucose and were irrelevant
of previous meal. Glucose tests were done by Roche
COBAS 8000 ¢ 702 module. Mean predialysis glucose
(MPG) was calculated by dividing the sum of predialysis
glucose (PG) by 6 for each patient. GV was calculated -as
visit to visit PG- by the sum of absolute differences of 6
PG dividing by 5. HbAlc was obtained from the fourth
month’s predialysis samples. HbAlc measurements were
tested by Arkray ADAMS HA-8180V system.

Interdialytic Weight Gain

Each patients predialysis weight was acquired from last
months last 10 consecutive HD sessions. The difference
of every measurement from the patients’ dry weight was
calculated. The sum of 10 absolute weight gain was divided
by 10 to find the mean absolute weight gain for each patient.
Finally, to find IDWG, mean absolute weight gain was divided
by each patient’s dry weight and then multiplied by 100.

Statistical Analysis

Statistics were done by SPSS version 22. According
to Kolmogorow-Smirnov normality test, normally
distributed measure correlations were done by using
Pearson correlation. Non-normally distributed measure
correlations done by Spearman correlation. After
grouping GV according to mean GV, two groups were
tested by Mann-Whitney U test. Then, a linear regression
using backward elimination was done with IDWG
related parameters. A p value of <0.05 was accepted as
statistically significant.

RESULTS

82 DHD patients were included in this study, 48 (58.5%)
of whom were female. Mean age was 63.23+10.85
years. The mean IDWG was 3.19+1.34%. Some
characteristics of patients are shown in Table 1. IDWG
was statistically significantly and positively correlated
with GV (Figure 1), HbAlc and negatively correlated
with age (Table 2). After grouping GV according to
mean GV (49.37 mg/dl/month), high GV group had
higher IDWG (3.56+£1.43% vs 2.95+1.23%, p=0.032).
GV was positively correlated with HbAlc (p<0.001,
r=0.638), MPG (p<0.001, r=0.737) and inversely
correlated with predialysis serum sodium (PSNa)
(p=0.014, r=-271). HbAlc was positively correlated
with MPG (p<0.001, r=0.706), hemoglobin (p=0.044,
r=0.223) and conversely correlated with age (p<0.001,
r=-0.401) and PSNa (p=0.024, r=-0.249). MPG was
negatively correlated with age (p=0.022, r=-0.252) and
PSNa (p<0.001, r=-0.385). Gender did not reveal any
statistically significant difference in terms of HbAlc,
mean glucose, GV and IDWG. After linear regression
analysis, HbAlc was found to be a positive and age
was found to be a negative independent predictors of
IDWG (p=0.049 each) (Table 3).
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Figure 1. Scatter plot of correlation between GV and IDWG
(p=0.025, r=0.247).

Table 1. Demographic and laboratory parameters of patients

Parameters % or mean values
Female gender 48 (58.54%)
Age (years) 63.23+10.85
BMI (kg/m ) 27.6%5.6
HbAlc (%) 6.67+1.73
MPG (mg/dl) 184.6372.92
GV (mg/dl/month) 49.37+36.56
IDWG (%) 3.19+1.34
PSNa (mEq/1) 139.9+4.3
Hemoglobin (g/dl) 11.18+1.23
Kt/V 1.48+0.21
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Table 2. The correlation of IDWG with GV, HbAlc and age by
Spearman’s rho test

Parameter IDWG
GV p=0.025, R= 0.247
HbAlc p=0.006, R=0.304
Age p=0.01, R=-0.283
Table 3. Regression analysis according to IDWG
Backwards stepwise Backwards stepwise
Parameters  Model 1(R2=0.178) Model 2 (R2=0.177)
Standardized p Standardized
(C1%95) (C1%95) p
(constant) 0.010 0.007
-0.238 -0.241
Age (-0.059-0.001) 90> (L0.059-0.000) 0047
0.252 0.241
HbAlc (-0.034-0425) 99%%  (oo01-0372) 0047
-0.017
Gv (:0.010-0.009)  0-896
DISCUSSION

IDWG was found to be correlated with GV in the
present study. To our knowledge it was the first study
to investigate and find a relationship between GV and
IDWG. Hyperglycemia leads to increasing osmolarity,
which further leads to thirst via central mechanisms.
Thus, chronic hyperglycemia detected by HbAlc in
DHD patients leads to higher IDWG. As one end of
GV is hyperglycemia, the same scenario may also be
valid for GV. On the other hand, when it comes to
how hypoglycemic end of GV affects IDWG, it may
be more complicated. First, an over eating reaction as
a consequence of hypoglycemia may lead to secondary
hyperglycemia, which will further causes thirst.
Secondly, it may be due to sugar-containing drinks.
Especially younger patients, who were found to be
associated with IDWG in our study, may be more
proned to consume glucose-containing drinks due to
their social environment. Drinking sugar-containing
fluids resolve hypoglycemia quickly, while it causes an
increase in blood glucose as a consequence. Besides,
drinking fluids also enhances IDWG. In this study
IDWG was also found to be correlated with HbAlc.
Ifudu et al.'” showed for the first time that IDWG was
correlated with HbA1c in DHD patients, while it was a
small group of 33 patients. Davenport,"” on 175 DHD
patients, revealed a correlation of IDWG with HbAlc.
Similarly, Creme et al."® found a significant correlation
between HbAlc and IDWG in a study including 412
DHD patients. All these studies are consistent with our
results.

In this study, GV was found to be correlated well with
both HbA1lc and MPG. Fang et al.* revealed that GV was
associated with HbA1c in a study including 291 diabetic
patients. In a study on 93 DHD patients, Khan et al.*
found that GV was associated with HbA1c levels, which
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was consistent with our study. This finding shows that
decreasing GV may also improve HbAlc. Also, a well
correlation of HbA1lc and MPG was shown in this study,
likewise put forth previously.?

Age was negatively correlated with IDWG, HbAlc and
MPG in this study. Ipema et al.”* revealed that younger
HD patients have higher IDWG. In a study with 300
HD patients, Jalalzadeh et al.** showed that younger HD
patients were significantly proned to higher IDWG. They
concluded that higher fluid intake was a consequence of
increased social and physical activity. This conclusion
may be also true for poor glycemic control in young
patients. On 649 diabetic patients, Shamshirgaran et
al.” found that glycemic control was better in the elderly
group, which is consistent with the current study.

GV, MPG and HbAlc were found to be negatively
correlated with PSNa levels. Hyperglycemia is known to
reduce serum sodium levels by increasing the osmolality,
thus causing translocational hyponatremia. Furthermore,
hyperglycemia leads to excessive water consumption,
which further causes a dilutional decrease in sodium
levels, especially in anuric HD patients. In the study of
Davenport' on 175 DHD patients, a negative correlation
of HbAlc and PSNa was found. On 1549 HD patients,
Waikar et al.** showed that serum sodium levels were
lower in DHD patients and were negatively correlated
with HbAlc. Similarly, in a study including 697 HD
patients, Sahin et al.?” also found that PSNa were lower in
DHD patients and were negatively correlated with HbA1lc
in DHD patients. These results too, are concordant with
our study.

Our study has a few limitations. Despite it was a two-
center study, our case number was relatively low.
Increased patient numbers may reveal a stronger and
independent correlation. Even so, high GV group was
found to have increased IDWG. Besides, the number
of patients below 40 years of age was only 3. Increased
number of young patients could show a better relation
of age with IDWG and glycemic indices. Finally, we
had only one measurement of serum sodium. However,
serum sodium tends to be stable over time in HD patients,
so this may be overlooked as a real limitation.” Indeed,
to our knowledge, this study was the first to investigate
and show the correlation of GV with IDWG in DHD
patients.

CONCLUSION

GV, HbAlc and age are associated with IDWG in
DHD patients. Therefore, not only long-term markers
of glycemic control, but also the variability of glucose
should be taken into account to improve IDWG in HD
units.
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