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ABSTRACT 

Introduction: Patients of diabetes repeatedly need blood glucose measurement, which may be falsely high due to less 
water intake and poor hydration of the patients.   
Aims & Objectives: To determine the effect of water intake or hydration on hematocrit and blood sugar levels in 
patients with diabetes mellitus.  
Place and Duration of Study: Pathology Department and Diabetic Center of Sheikh Zayed Hospital, Rahim Yar Khan 
from January 2023 to July 2023. 
Material & Methods: It was a cross sectional study conducted in total 75 Type-1 & Type-2 diabetes patients using 
convenient sampling technique. 5 ml blood samples were drawn before and 20 minutes after oral hydration with 500 ml 
of oral water in all these patients to determine the effect on hematocrit and blood sugar levels. The data was entered and 
analyzed on SPSS version 23. Pre and post observations were compared using paired t-test. p-value<0.05 was taken as 
statistically significant. 
Results: The mean value for age and BSR (before and after) of study subjects was 46±11 years, 200±97 mg/dl, and 
199±94 mg/dl (p=0.8) respectively. While mean value of HCT before hydration was 39±5.8% and after hydration was 
38±6.4% (p=0.006). 
Conclusion: Oral water hydration impacted mean hematocrit values in diabetic patients, significantly lowering them 
whereas their mean BSR values remained unaffected.  
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INTRODUCTION 

Diabetes mellitus (DM) is a group of chronic, 
metabolic non-communicable disorders 
characterized by high glucose concentration, and 
has attained epidemic proportions, as the top ten 
causes of death worldwide1,2. The global 
prevalence of diabetes mellitus (DM) has surged 
due to changing lifestyles and increasing obesity.
In 2017, the worldwide occurrence of DM reached 
425 million and with advancing age, the 
prevalence of DM rose, affecting approximately 
25% of the population aged 65 and above3,4,5. 
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Diabetes is a major contributor towards kidney 
failure, cardiovascular disease (CVD), blindness, 
and sometimes amputation. Acute complications 
encompass hyperglycemic hyper-osmolar state, 
hypoglycemia as well as hyperglycemic diabetic 
coma and diabetic ketoacidosis6. Chronic micro-
vascular complications involve retinopathy, 
nephropathy, chronic macro-vascular 
complications and neuropathy, along with cerebro 
vascular and/or coronary artery disease (CAD), 
and peripheral artery disease (PAD)4,5,6. In healthy 
individuals, variations in water intake, even within 
the normal range, represent a crucial factor 
regulating vasopressin (VP) release. Low water 
intake increases VP secretion, and high water 
intake decreases it, all aimed at maintaining 
constant plasma osmolality6.Clinical evidence 
indicates that a diabetic condition poses a potential 
risk factor for dehydration. Chronic hyperglycemia 
may elevate the risk of dehydration, leading to 
adverse outcomes for patients, including increased 
insulin resistance7.Hematocrit, the proportion of 
blood volume occupied by red blood cells (RBCs), 
increases in dehydrated individuals. The body's 
hydration status can influence the levels of crucial 
hormones involved in energy intake, leading to 
reductions in the orexigenic hormone ghrelin8. 
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ABSTRACT 

Introduction: Globally, acute generalized peritonitis ranks among the top surgical emergencies. Different studies have 
been conducted to show the amplitude of peritonitis worldwide eliciting a huge impact on overall patient morbidity and 
mortality. Largely peritonitis is caused by a gastrointestinal perforation or anastomotic leak. In peritonitis, anaerobes & 
gram-negative organisms are mostly responsible for sepsis and morbidity due to the overactive inflammatory cascade by 
endotoxins which is amenable to timely intervention. 
Aims & Objectives: The study's aim was to evaluate whether using normal saline or metronidazole solution during 
intraoperative peritoneal lavage (IOPL), results in a lower rate of postoperative wound infection. 
Place and Duration of Study: This study was undertaken at the South Surgical Ward, Mayo Hospital Lahore for 6 
months from February 2nd, 2021, to August 1st, 2021. 
Material & Methods: Consecutive sampling strategy followed by a randomized controlled trial were used to induct and 
provide intervention to 90 patients aged 15-65 years with peritonitis caused by hollow viscus perforation. The patients 
were subdivided into 2 groups A& B(n=45 each).Two liters of normal saline were used for peritoneal lavage in group A, 
while two liters of normal saline were combined with 200 mL of metronidazole solution and administered to group B. 
intraoperatively.Baseline physiological parameters such as age, sex, BMI , intra operative surgical parameters  as 
duration of operation and post-operative course were recorded till discharge. On 10th POD, patients returned to OPD for 
further monitoring. An infection was diagnosed if the patient had post-operative symptoms such as a high temperature, 
increased TLC, wound discharge, redness, or pain. Data was entered and analyzed using SPSS version 23. 
Results: A majority (54.44%) of the patients were young adults. Mean age of 37.33 ± 10.53 years of patients in the 
metronidazole group was comparable to mean age 40.04 ± 11.96 years in the saline group, difference was not 
significant (p=0.067). Male/female ratio in Metronidazole and Saline groups were 17/25 and 10/18, respectively. Patients 
who received intraperitoneal lavage with normal saline were more likely to develop wound infections (17/45) (37.78%), 
while only 3/45) (6.67% of those who received metronidazole solution did so (p 0.0001). 
Conclusion: Based on the results of this experiment, using metronidazole solution for intraoperative peritoneal lavage 
instead of normal saline reduces the occurrence of postoperative wound infection. 
  
Keywords: peritonitis, postoperative wound infection, intraoperative peritoneal lavage 
 

 
INTRODUCTION 

Globally, acute generalized peritonitis ranks among 
the top surgical emergencies1. It is more common in 
Third World nations. The prevalence of perforation 
is low (0.6% - 4.9%) in developed nations but high 
(33% - 63%) in West Africa2. 554 persons were 
discovered to have peritonitis in a study that took 
place over three years in India3. Researchers in 
Pakistan have conducted studies with similar 
methods, with one study reporting 650 cases in a 
just 9 months4. Most cases of peritonitis are caused 
by a gastrointestinal perforation or anastomotic 
leak5. In the case of peritonitis, anaerobes and gram-
negative organisms are mostly responsible for sepsis 

and morbidity due to the overactive inflammatory 
cascade brought on by the release of 
endotoxins5.Clinical evidence is used to identify 
peritonitis. Diagnosis can be achieved via upright 
plain x-ray of the abdomen, USG, or CT scan. This 
is often done through diagnostic laparoscopy 
nowadays6.Resuscitation, diagnosis, prompt 
exploration, treatment of the underlying cause, and 
extensive surgical peritoneal lavage have always 
been the cornerstones of peritonitis therapy 
regimens (IOPL)7,8. Regular IOPL is performed to 
lessen bacterial contamination and burden. Even 
though large volumes of normal saline are used in 
IOPL, the rates of sepsis, wound infection, and 
mortality remain alarmingly high. Another method 
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From an observational standpoint, maintaining 
adequate plain water intake is typically linked to 
improved glycemic regulation. The impact of 
hydration status on glycemia holds implications 
for both clinical practice and research, given that 
fasting glucose concentrations and oral glucose 
tolerance tests (OGTTs) are commonly employed 
for diabetes diagnostics or to assess the 
effectiveness of interventions9.Water, constituting 
55-75% of the total body mass, stands as an 
indispensable component of the human body. 
Hypohydration leads to hemo-concentration, 
causing reduced thirst and poor ingestive 
behavior10,11. Such responses have been 
documented in reaction to hyper-osmotic and/or 
hypovolemic stimuli, along with dehydration12. 
Maintaining a consistent intake of water, a primary 
constituent of the body, is crucial for preserving 
good health, as the regulation of water balance 
intricately affects physiological processes12,13. The 
amount of water intake may alter blood glucose 
level by simple hemo-dilution or 
hemoconcentration11.Considering this, it was 
hypothesized that poor water intake and thus poor 
hydration status of a diabetic patient may lead to 
hemo-concentration resulting in false high values 
of hematocrit and blood sugar.  Additionally, as all 
the management strategies of DM revolve around 
reducing blood glucose level (glycemic control). If 
promoting a simple intervention of better 
hydration can reduce blood glucose levels 
significantly, it would be of great value in 
controlling hyperglycemia and avoiding 
complications. So, our study aimed to provide 
evidence on this, and was carried out to determine 
the effect of hydration on hematocrit and blood 
sugar level in patient with Diabetes Mellitus. 
 

MATERIAL AND METHODS 

It was a cross sectional study conducted on total 
75 Type-1 and Type-2 diabetes mellitus patients 
for the duration of 7 months from January 2023 to 
July 2023 in Pathology Department and Diabetic 
Center of Sheikh Zayed Hospital, Rahim Yar 
Khan. Ethical approval was sought from 
Institutional Review Board (ref 
no:246/IRB/SZMC/SZH, dated;01-09-2021. 
Convenient sampling technique was done. 
Inclusion criteria taken was Type-1 or Type-2 
diabetes mellitus patients of either sex, whereas 
exclusion criteria were diabetes patients having 
following complications or comorbidities like 
diabetic kidney disease, known patients of 
Ischemic heart disease, liver disease or patients 

taking some diuretic drugs. Variables included in 
this study were age, gender, type of diabetes 
mellitus, co morbidities.5 ml blood samples were 
collected in EDTA containing vacutainer vial and 
gel vial for hematocrit and glucose level before 
and 20 minutes after oral administration of 500 ml 
of water to each patient, for determination ofBSR 
and hematocrit levels. Hematocrit was measured 
on BT-Pro 21 three part Hematology analyser 
while blood glucose was performed on fully 
automatic chemistry analyzer Siemens Attelica. 
The data was entered and analyzed using SPSS 
version 23. Quantitative data was presented as 
mean and standard deviation (SD) and qualitative 
data as frequencies and percentage. Mean Blood 
Sugar Random and HCT values were compared by 
using Paired T-test among Type-1 and Type-2 
diabetes patients and overall study population. P 
value of less than 0.05 was taken as significant. 
 

RESULTS 

The mean age of study subjects was 46±11 years 
and 93.3% of patients were married. The mean 
value of BSR before hydration was 200±97 mg/dl. 
The mean value of BSR after hydration was 
199±94 mg/dl. Decrease in blood sugar level after 
hydration was observed. Mean HCT level before 
hydration was 39±5.8% and after hydration was 
38±6.4%. So the level of hematocrit was also 
decreased after hydration. The percentage of 
patients of type 2 diabetes was 54 (72%) (Table-
1). Overall BSR before hydration was 
200±97mg/dl and after hydration was 
199±94mg/dl (p-0.82) (Table-2). Overall mean 
hematocrit before hydration was 39±5.8% and 
after hydration was 38±6.4% (p-0.006). Table-3 
shows that the patients with Type-1diabetes had a 
mean BSR of 232±75mg/dl and after hydration it 
was 234±88mg/dl (p=0.7) and mean HCT before 
hydration 39±4% and after hydration was 38±4.6 
(p<0.001). The patients with Type-2 diabetes have 
a mean BSR before hydration 187±102 mg/dl and 
after hydration 185±9mg/dl (0.6) and mean HCT 
before hydration was 39±6% and after hydration 
was 38±7%. (p=0.07). 
 

Types of 
DM Frequency Percentage 

Type-1 21 28% 

Type-2 54 72% 

Total 75 100% 

Table-1:   Frequency of Type of Diabetes Mellitus. 



58

Oral Water Hydration May Impact Hematocrit and Blood Sugar Levels in Patients with Diabetes Mellitus 

Variable Pre Hydration Post Hydration 
BSRmg/dl 200±97 199±94 

HCT% 39±5.8 38±6.4 

Table-2:  Overall Pre & Post Hydration mean 
blood sugar random and mean 
hematocrit in patients. 

Variable Pre 
Hydration 

Post 
Hydration 

Mean 
Diff P-value 

Type-1 
Diabetes 

BSR 232±75 234±88 2±26 0.7 

HCT 39±4 38±4.6 -1±1.3 <0.001 

Type-2 
Diabetes 

BSR 187±102 185±94 -2±30 0.6 

HCT 39±6 38±7 -1±3.5 0.07 

Table-3:  Pre & Post Hydration mean BSR & 
mean Hematocrit with Type-1 & Type-2 
Diabetes. 

DISCUSSION 

In current study 75 patients of Type-1 and Type-2  
diabetes mellitus were included for assessing the 
effect on hydration after 20 minutes of water 
intake on Blood sugar level and hematocrit (HCT). 
It was hypothesized that diabetic patients undergo 
repeated blood sugar testing for management and 
control of purposes, which may be affected by the 
hydration status of the diabetic patients, as low 
water intake can cause hemo-concentration which 
may lead to a falsely high level of blood sugar 
levels. This may lead to over treatment in terms of 
high insulin or oral drugs dose in the prescription. 
The results of our study, however, did not show a 
remarkable effect of hydration on blood glucose 
level. It did show mainly a decreasing trend in 
blood sugar after hydration but with statistically 
non-significant difference. However, it showed a 
statistically significant reduction in hematocrit, 
which hints that in a study with larger sample size 
and with post hydration value of BSR and HCT 
determined beyond 20 minutes of water intake a 
further reduction can be envisaged. A prior 
investigation indicated that, in healthy adults, an 
acute episode of mild dehydration did not affect 
blood sugar control. However, physiological 
reactions to mild dehydration led to an increase in 
concentrations of copeptin, as equal to levels 
observed in individuals suffering from diabetes, 
resulting in a heightened blood sugar response10. 
Another study, exploring the impact of hydration 
and dehydration through loss of acute body mass, 
found that hormonal markers related to glycemic 
regulation remained unaffected, with no changes 
in circulating insulin levels but a potential increase 
in glucagon12. Similarly, a study inducing a 

hyperosmotic state through hypertonic saline 
infusion demonstrated a higher percentage of 
glucagon and significantly elevated concentrations 
of glucose at specific time points when determined 
through glucose tolerance test (GTT). Insulin 
levels, however, remained unchanged. Moreover, 
a significant increase in water intake appeared to 
reduce serum copeptin (a surrogate marker for 
arginine vasopressin) and lower glucagon levels 
among individuals classified as "water 
responders," while insulin and glucose levels 
remained constant13. A parallel study in the United 
States revealed that plasma concentrations of 
glucose, insulin, growth hormone (GH), insulin-
like growth factor-1 (IGF-1), and insulin-like 
growth factor-binding protein-3 (IGFBP-3) did not 
exhibit significant changes before and after 
hydration, both at rest and post-exercise14. The 
variations in glycemic regulation seem to hinge on 
particular individual’s water intake habit and, 
potentially, their basic levels of copeptin/arginine 
vasopressin (AVP). However, uncertainties persist 
relative to the precise role of hydration in 
regulating the glucose levels and also the 
mechanisms involved in it. The observed 
population differential responses among diabetics 
as well as non-diabetics might be influenced by 
factors such as glucose levels in diabetics because 
of temporary medication discontinuation. A 
similar study was also conducted in University of 
Indonesia about hemoglobin and hematocrit which 
showed that both are values of concentration, 
hydration status affects hemoglobin and 
hematocrit equally15. A previous study showed 
that a patient having excessive fluid in his/her 
blood showed reduced levels of both hematocrit 
and hemoglobin, whilst patients having fluid loss 
have elevated levels for both hematocrit and 
hemoglobin. This also hints on the possibility of 
diluting effect of hydration status on blood sugar 
levels as well16. Another study also suggested that 
a low total water intake in patients with Type 2 
Diabetes impairs blood glucose response to 
cortisol17. 

CONCLUSION 

This study showed that the mean random blood 
sugar values among diabetic patients were not 
significantly lowered after hydration. However 
mean hematocrit values displayed significant 
lowering after hydration. It is suggested that a 
study with larger sample size and a post hydration 
sample time of more than twenty minutes may 
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give a truer value of the blood sugar level of 
diabetes patients.  
 

REFERENCES 

1. Mukhtar Y, Galalain A, Yunusa U. A modern 
overview on diabetes mellitus: a chronic 
endocrine disorder. European Journal of Biology. 
2020;5(2):1-
14.DOI: https://doi.org/10.47672/ejb.409 

2. Son J, Accili D. Reversing pancreatic -cell 
dedifferentiation in the treatment of type 2 
diabetes. Experimental & Molecular Medicine. 
2023:1-7.DOI:https://doi.org/10.1038/s12276-
023-01043-8 

3. Chen D, Chen X, He C, Chen Z, Chen Q, Chen J, 
et al. Sanhuang xiexin decoction synergizes 
insulin/PI3K-Akt/FoxO signaling pathway to 
inhibit hepatic glucose production and alleviate 
T2DM. Journal of Ethnopharmacology. 
2023;306:116162. DOI: 
https://doi.org/10.1016/j.jep.2023.116162 

4. van Wilpe R, Hulst AH, Siegelaar SE, DeVries 
JH, Preckel B, Hermanides J. Type 1 and other 
types of diabetes mellitus in the perioperative 
period. What the anaesthetist should know. 
Journal of Clinical 
Anesthesia.2023;84:111012. DOI: 10.1016/j.jclina
ne.2022.111012 

5. Gregory GA, Robinson TI, Linklater SE, Wang F, 
Colagiuri S, de Beaufort C, et al. Global 
incidence, prevalence, and mortality of type 1 
diabetes in 2021 with projection to 2040: a 
modelling study. The lancet Diabetes & 
endocrinology. 2022;10(10):741-60.doi: 
10.1016/S2213-8587(22)00218-2. 

6. Purnamasari D, Tetrasiwi EN, Kartiko GJ, 
Astrella C, Husam K, Laksmi PW. Sarcopenia and 
chronic complications of type 2 diabetes mellitus. 
Review of Diabetic Studies. 2022;18(3):157-
65.https://doi.org/10.1900/RDS.2022.18.157 

7. de Paula D, Bracco P, Gregg EW. The Dynamics 
of Diabetes Prevalence, Morbidity, and Mortality.  
The Diabetes Textbook: Clinical Principles, 
Patient Management and Public Health Issues: 
Springer; 2023. p. 15-23. DOI: 
https://doi.org/10.1007/978-3-030-11815-0 

8. Hiremath VR. Handbook Of Perioperative Care 
Of Adult Diabetes Patients: Diabetes Care–
Before, During And After Surgery: OrangeBooks 
Publication; 2022. 

9. Enhörning S, Tasevska I, Roussel R, Bouby N, 
Persson M, Burri P, et al. Effects of hydration on 
plasma copeptin, glycemia and gluco-regulatory 
hormones: a water intervention in humans. 
European journal of nutrition. 2019;58:315-
24.doi: 10.1007/s00394-017-1595-8. 

10. Carroll HA, Templeman I, Chen YC, Edinburgh 
RM, Burch EK, Jewitt JT, Povey G, Robinson TD, 
Dooley WL, Jones R, Tsintzas K, Gallo W, 

Melander O, Thompson D, James LJ, Johnson L, 
Betts JA. Effect of acute hypohydration on 
glycemic regulation in healthy adults: a 
randomized crossover trial. J Appl Physiol (1985). 
2019 Feb 1;126(2):422-430. doi: 
10.1152/japplphysiol.00771.2018. Epub 2018 Nov 
29. PMID: 30496706; PMCID: PMC6397405. 

11. Zaplatosch ME, Adams WM. The effect of acute 
hypohydration on indicators of glycemic 
regulation, appetite, metabolism and stress: a 
systematic review and meta-analysis. Nutrients. 
2020;12(9):2526.doi: 10.3390/nu12092526. 

12. Reik A. Genetic and dietary predictors for the 
postprandial glucose response and possible 
implications of the postprandial metabolic 
phenotype on weight management: Technische 
Universität München; 2023. 

13. Clemente-Suárez VJ, Mielgo-Ayuso J, Martín-
Rodríguez A, Ramos-Campo DJ, Redondo-Flórez 
L, Tornero-Aguilera JF. The burden of 
carbohydrates in health and disease. Nutrients. 
2022;14(18):3809. doi: 10.3390/nu14183809 

14. Birzniece V, Lam T, McLean M, Reddy N, 
Shahidipour H, Hayden A, et al. Insulin-like 
growth factor role in determining the anti-cancer 
effect of metformin: RCT in prostate cancer 
patients. Endocrine Connections. 2022;11(4). 
doi: 10.1530/EC-21-0375 

15. Hayuanta HH. Can hemoglobin-hematocrit 
relationship be used to assess hydration status? 
Cermin Dunia Kedokteran. 2016;43(2):139-
42.DOI: 10.55175/cdk.v43i2.23 

16. Dehari-Zeka M, Letaj KR, Selimi QI, Elezaj IR. 
Blood lead level (BLL), -aminolevulinic acid 
dehydratase activity (ALAD), hemoglobin (Hb) 
and hematocrit (hct) in primary school-children 
and adult residents living in smelter rural areas in 
Kosovo. Journal of Environmental Science and 
Health,PartA.2020;55(10):117987.doi:10.1080/10
934529.2020.1780851. 

17. Johnson EC, Bardis CN, Jansen LT, Adams JD, 
Kirkland TW, Kavouras SA. Reduced water 
intake deteriorates glucose regulation in patients 
with type 2 diabetes. Nutr Res. 2017 Jul;43:25-32. 
doi: 10.1016/j.nutres.2017.05.004. 

The Authors: 

Dr. Muhammad Bilal Ghafoor, 
Associate Professor, 
Department of Pathology, 
Sheikh Zayed Medical College/Hospital, 
Rahim Yar Khan. 
 

Dr. Ghulam Mustafa, 
Associate Professor, 
Department of Community Medicine, 
Sheikh Zayed Medical College, 
Rahim Yar Khan. 
 



60

Oral Water Hydration May Impact Hematocrit and Blood Sugar Levels in Patients with Diabetes Mellitus 

Dr. Hafiz Shahid Latif, 
Assistant Professor, 
Department of Community Medicine,  
Fatima Jinnah Medical University, Lahore. 
 

Faiza Sarwar, 
Laboratory Technologist, 
Department of Pathology, 
Sheikh Zayed Medical College/Hospital, 
Rahim Yar Khan. 
 
Dr. Muhammad Saleem Leghari, 
Professor & Principal, 
Department of Pediatrics, 
Sheikh Zayed Medical College/Hospital, 
Rahim Yar Khan. 
 
Ali Hasnain,  
Laboratory Technologist, 
Department of Pathology,  
Sheikh Zayed Medical College/Hospital, 
Rahim Yar Khan. 
 
Authorship: 

MBG: Conceptualization, Approval 
GM: Design, Analysis, Approval 
HSL: Design, Writing, Reviewing Critically 
FS: Literature Review, Interpretation and Data 

acquisition 
MSL: Data Acquisition, Editing, Proof reading 
AH: Design, Data Collection, Analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


