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ABSTRACT
Introduction The purpose of this prospective 
observational cohort study was to examine sex differences 
in glycemic measures, diabetes- related complications, 
and rates of postdischarge emergency room (ER) visits 
and hospital readmissions in non- critically ill, hospitalized 
patients with diabetes.
Research design and methods Demographic data 
including age, body mass index, race, blood pressure, 
reason for admission, diabetes medications at admission 
and discharge, diabetes- related complications, laboratory 
data (hematocrit, creatinine, hemoglobin A1c, point- 
of- care blood glucose measures), length of stay (LOS), 
and discharge disposition were collected. Patients were 
followed for 90 days following hospital discharge to obtain 
information regarding ER visits and readmissions.
Results 120 men and 100 women consented to 
participate in this study. There were no sex differences in 
patient demographics, diabetes duration or complications, 
or LOS. No differences were observed in the percentage of 
men and women with an ER visit or hospital readmission 
within 30 (39% vs 33%, p=0.40) or 90 (60% vs 49%, 
p=0.12) days of hospital discharge. More men than women 
experienced hypoglycemia prior to discharge (18% vs 8%, 
p=0.026). More women were discharged to skilled nursing 
facilities (p=0.007).
Conclusions This study demonstrates that men and 
women hospitalized with an underlying diagnosis 
of diabetes have similar preadmission glycemic 
measures, diabetes duration, and prevalence of diabetes 
complications. More men experienced hypoglycemia prior 
to discharge. Women were less likely to be discharged 
to home. Approximately 50% of men and women had ER 
visits or readmissions within 90 days of hospital discharge.
Trial registration number NCT03279627.

INTRODUCTION
According to the Center for Disease Control, 
17.9 million men and 16.2 million women in 

the USA had a diagnosis of diabetes in 2018.1 
Higher per capita healthcare expenditures are 
reported in men with diabetes, but higher life-
time healthcare expenditures are reported in 
women.2–4 These higher costs in women may be 
due in part to social factors such as lower levels 
of education, employment, and socioeconomic 
status, which hinder access to healthcare and 
healthy lifestyles.5 6 These factors in turn have 
the potential to increase the risk of diabetes- 
related complications and associated comorbidi-
ties such as cardiovascular disease (CVD), which 

Significance of this study

What is already known about this subject?
 ► Hospitalized men and women with diabetes have higher 
rates of hospital admissions and readmissions than sex- 
matched populations without diabetes.

 ► Much of the literature reporting sex differences in hospi-
talizations and readmissions is related to patient popula-
tions hospitalized with cardiovascular disorders.

What are the new findings?
 ► Men with diabetes experienced more hypoglycemia pri-
or to discharge, and women with diabetes were more 
likely to be discharged to a skilled nursing facility.

 ► Men and women experienced a similar frequency of 
emergency room (ER) visits and hospital readmissions 
within 30 and 90 days following hospital discharge.

How might these results change the focus of 
research or clinical practice?

 ► The high rates of ER visits and hospital readmissions 
in men and women with diabetes support the need for 
interventions that can ameliorate this risk in the future.

 ► The factors that contribute to this higher readmission 
risk may be different for men and women and are wor-
thy of future investigation.
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may lead to hospitalization, a major contributor to health-
care costs in people with diabetes.5

Both men and women with diabetes have a higher lifetime 
likelihood of being hospitalized.7 8 Diabetes is identified as 
an underlying comorbidity in approximately 25% of all adult 
hospitalized patients and is also identified as a predictor of risk 
of hospital readmission.9 10 There is little information avail-
able regarding sex differences among hospitalized patients 
with diabetes or as a contributor to risk of readmission.11–15

There is increasing attention to reducing overall health-
care costs in the USA by reducing the frequency of prevent-
able hospital readmissions.16 17 Women with diabetes have 
higher population- adjusted rates for both hospitalization 
and readmission when compared with men or women 
without diabetes.18 19 In one study examining national trends 
in hospital admissions, there was a greater increase in hospi-
talizations among women compared with men with diabetes, 
which was more pronounced in women aged 20–39 years.18

The Nationwide Readmissions Database demonstrated 
that diabetes increased the risk of readmission following 
percutaneous coronary intervention (PCI) to a greater 
extent in women compared with men.20 Flink et al21 reported 
an 8.5- fold increased risk of 30- day hospital readmissions 
for cardiovascular events among women but not men with 
poor glycemic measures when stratifying for demographics, 
medical history, discharge diagnosis, medical therapy, and 
reason for hospitalization. One retrospective analysis of 
hospitalizations identified female sex but not diabetes as 
an independent predictor of 30- day readmission for heart 
failure and recurrent coronary events following hospitaliza-
tion for acute coronary syndrome requiring PCI.22

The Readmission and Comprehension of Diabetes Educa-
tion at Discharge study is a prospective, non- blinded, obser-
vational study that examined the factors associated with 
risk of hospital readmission among patients with diabetes 
as a secondary diagnosis.23 This analysis was conducted 
to examine sex differences in demographics, metabolic 
and glycemic measures, diabetes- related complications, 
discharge disposition, and frequency of emergency room 
(ER) visits and readmissions within 90 days following an 
index hospitalization.

METHODS
This was a prospective, non- blinded, observational cohort 
study conducted at a single academic medical center.

Patient recruitment
Non- pregnant, non- critically ill, hospitalized patients with 
a secondary diagnosis of diabetes aged 18–90 years were 
recruited for this study between July 2017 and December 
2018. Patients admitted with a primary diagnosis of 
hypoglycemia, diabetic ketoacidosis, or hyperglycemic 
hyperosmolar syndrome were excluded as were patients 
treated with insulin pump therapy. Potential subjects 
were identified from the general medicine service, the 
inpatient endocrine and diabetes consult services, and 
from daily reports of patients experiencing blood glucose 
(BG) <70 mg/dL and >300 mg/dL. A member of the 

study team approached the patients meeting the inclu-
sion criteria to discuss the study and obtain consent. All 
participants provided written informed consent prior to 
data collection or study procedures.

Data collection
The following demographic data were collected through 
patient interviews and chart review: age, sex, body mass 
index (BMI), blood pressure (BP), duration and type 
of diabetes, employment status, educational level, date 
of most recent prior hospitalization, hemoglobin A1c 
(HbA1c), reason for admission, history of microvascular 
(retinopathy, neuropathy, nephropathy) or macrovas-
cular (coronary artery disease, cerebrovascular event, 
peripheral vascular disease) diabetic- related complica-
tions, laboratory data (estimated glomerular filtration 
rate (eGFR), serum sodium, albumin, hematocrit), 
length of stay (LOS), discharge disposition, and admis-
sion and discharge diabetes medications.

Up to 10 BG measures obtained during the 48- hour 
time period preceding hospital discharge were obtained. 
Glucose values were measured in 4- hour intervals using 
either the lowest or the highest values if there were 
multiple measures in any one 4- hour interval to avoid 
overcounting of high or low BG values. For the majority 
of participants, BG measures were obtained before meals 
and bedtime in patients who were eating or every 6 hours 
in patients who were not eating.

Associations between nadir, peak, and mean BG values 
as well as glycemic variability measured as SD, coefficient of 
variability (CV), and BG range were investigated. A Diabetes 
Early Readmission Risk Indicator (DERRI) score was calcu-
lated for each patient and correlated with ER visits and 
hospital readmissions within 30 and 90 days following the 
index hospitalization.10 24

Study participants were contacted at 30 and 90 days 
following discharge to obtain information about ER visits 
and hospital readmissions. Information provided by the 
patients was validated by review of data available in the 
electronic health record (EHR). Information regarding 
ER visits and readmissions was obtained from the EHR for 
patients who could not be reached for a phone interview.

Statistical analysis
Descriptive statistics were reported using mean and SD or 
median with IQR for continuous variables, and frequen-
cies with percentages for categorical variables. A t- test 
or a Mann- Whitney U test was performed to compare 
continuous variables and χ2 or Fisher’s exact test was 
used to compare categorical variables between men and 
women. Data were analyzed using SPSS V.24.0. Statistical 
significance was defined as p<0.05.

RESULTS
Study population
Of the 240 patients who consented to participate in 
this study, 20 were excluded. Reasons for exclusion 
included deterioration of clinical status during the 
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index hospitalization (n=10), use of an insulin pump 
(n=1), withdrawal of consent (n=5), or death prior to 
discharge (n=4) (figure 1). The 220 remaining partici-
pants included 120 men and 100 women, the majority of 
whom had type 2 diabetes (table 1).

Table 1 shows the clinical characteristics of study partic-
ipants. There were no significant differences observed 
for age, race, BMI, BP, HbA1c, duration of diabetes, 

educational or employment status, glycemic measures 
preceding hospital discharge, hematocrit, LOS, DERRI 
scores, or hospital LOS between men and women. Serum 
creatinine was lower in women but there was no differ-
ence in eGFR. The percentage of men and women with 
microvascular, neuropathic, and macrovascular compli-
cations was also similar. The women in this study were 
less likely to be discharged to home with or without home 

Figure 1 CONSORT diagram showing participant recruitment and disposition. CONSORT, Consolidated Standards of 
Reporting Trials.
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Table 1 Clinical characteristics of study participants by sex*

Men (n=120) Women (n=100) P value

Age (years) 61.1±11.8 58.3±11.7 0.77

Race, white, n (%) 92 (76.7) 74 (74.0) 0.647

BMI (kg/m2) 32±8 32.3±10 0.791

Systolic BP (mm Hg) 132.8±25.3 127±22.3 0.076

Diastolic BP (mm Hg) 74.9±12.6 73.9±13.7 0.572

Education, above high school, n (%) 52 (43.3) 47 (47) 0.586

Employment, n (%) 0.134

  Unemployed 41 (34.2) 25 (25)

  Employed 22 (18.3) 23 (23)

  Retired 35 (29.2) 23 (23)

  Disabled 22 (18.3) 29 (29)

Diabetes type 1/2/other, n (%) 9 (7)/104 (87)/7 (6) 8 (8)/80 (80)/12 (12) 0.353

HbA1c (%) 8.2±2 8.4±2.28 0.473

Diabetes duration (years) 15.9±10.4 14.1±11.3 0.237

Number of diabetes complications 2.4±1.5 2.3±1.9 0.736

Length of stay (days), median (IQR) 6.0 (3.5–9.2) 6.8 (4.1–11.2) 0.152

Complications, n (%)

  Retinopathy 41 (25) 19 (19) 0.287

  Nephropathy 45 (38) 28 (28) 0.106

  Neuropathy 71 (59) 63 (63) 0.562

  CAD 61 (51) 39 (39) 0.079

  CHF 43 (36) 37 (37) 0.858

  CVA 19 (16) 20 (20) 0.420

  PVD 23 (19) 21 (21) 0.735

Reason for admission, n (%) 0.442

  Cardiac 43 (35) 26 (26)

  Pulmonary 4 (3) 5 (5)

  Infection 17 (14) 21 (21)

  Trauma/injury 4 (3) 5 (5)

  Transplant 8 (7) 4 (4)

  Other 44 (37) 39 (39)

Laboratory measures, median (IQR)

  Creatinine, mg/dL 1.3 (1.0–2.0) 1.0 (0.7–1.5) <0.001

  eGFR, mL/min/m2 58.5 (34–60) 60.0 (40–60) 0.186

  Sodium, mmol/L 136 (134–139) 138 (135–139) 0.142

  Albumin, g/L 3.5 (3.0–3.8) 3.6 (3.0–3.9) 0.687

  Hematocrit (%) 34.3 (29.5–38.3) 34.0 (30.7–38.2) 0.975

Disposition, n (%) 0.007

  Home 118 (98) 90 (90)

  Discharge to SNF 2 (1.6) 10 (10)

DERRI score 24.2±12.6 21.8±10.9 0.221

*Results are mean±SD unless otherwise indicated.
BMI, body mass index; BP, blood pressure; CAD, Coronary artery disease; CHF, Congestive heart failure; CVA, Cerebrovascular 
accident; DERRI, Diabetes Early Readmission Risk Indicator; eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin A1c; PVD, 
Peripheral vascular disease; SNF, skilled nursing facility.
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services and more likely to be discharged to a skilled 
nursing facility following the index hospitalization (1.6% 
vs 10%, p=0.007).

The most common reasons for admission included 
cardiovascular diagnoses (heart failure, myocardial 
infarction, heart rhythm abnormalities) and infection. 
Of the three most common reasons for admission, heart 
failure was listed as the primary reason for admission in 
18.3% of men and 11% of women and myocardial infarc-
tion in 14.2% of men and 12% of women. Infection was 
the primary reason for admission in 12.5% of men and 
18% of women.

The percentages of participants using insulin alone, 
insulin in combination with non- insulin therapies, or 
only non- insulin medications were similar between men 
and women prior to admission, during the index hospi-
talization, and at discharge (table 2). The majority of 
patients received insulin therapy alone (66% and 57%) 
or in combination with non- insulin therapy (19% vs 22%, 
p=0.444) during the index hospitalization. Changes in 
diabetes medications between admission and discharge 
occurred in 59% of men and 49% of women (p=0.132). 
Adjustment of insulin regimen (either insulin dose or 
type) was the most common change on discharge, occur-
ring in 35% of men and 28% of women.

Nadir, peak, mean BG, and measures of glycemic vari-
ability (CV, SD, and BG range) during the 48- hour time 
period preceding hospital discharge were similar among 
men and women (table 3). Hypoglycemic but not hyper-
glycemic events in the 48- hour time period preceding 
hospital discharge occurred more frequently in men 
than in women. Among those experiencing hypogly-
cemia, three men and one woman experienced two BG 
values <70 mg/dL. Six men and three women had clin-
ically significant hypoglycemia with BG values <54 mg/
dL. Subgroup analysis of patients who did or did not 
experience hypoglycemia found no sex differences in 

readmissions or ER visits at 30 (p=1.0) or 90 (p=0.403) 
days.

Prior to the index hospitalization, 52% and 64% of 
men and 46% and 56% of women reported being hospi-
talized within the prior 90 days and 1 year, respectively 
(p=NS). Following the index hospitalization, men and 
women experienced a similar number of ER visits and 
hospital readmissions within the next 30 and 90 days 
of discharge (figure 2). The majority of participants in 
this study were white. Subgroup analysis by race and sex 
for readmissions or ER visits found no differences at 30 
(p=0.384) or 90 (p=0.516) days. The absolute number of 
hospital readmissions per patient at 30 days (0.41±0.57 vs 
0.34±0.57, p=0.144) and 90 days (0.82±1.04 vs 0.76±1.20, 
p=0.258) was also similar.

DISCUSSION
This study demonstrates that men and women hospital-
ized with a secondary diagnosis of diabetes have similar 
diabetes duration, prevalence of diabetes- related compli-
cations, and glycemic measures as measured by HbA1c. 
There were no sex differences in the percentage of 
participants receiving insulin therapy alone or in combi-
nation with non- insulin therapies before, during, or 
following the index hospitalization. More women were 
discharged to a skilled nursing facility following the 
index hospitalization compared with men. This suggests 
the possibility of higher level of disability and/or less 
home support. Although there were no significant differ-
ences in employment status between men and women, a 
higher percentage of women were identified as disabled 
(table 1). The presence of adequate social support has 
been identified as an important component for facil-
itating the discharge process and preventing hospital 
readmission in patients with diabetes and other disor-
ders.25 26

Cardiovascular disorders including heart failure, 
myocardial infarction, heart rhythm abnormalities, and 
infection were the most common reasons for admission 
among both men and women. Individuals with diabetes 
are at increased risk of CVD; however, this increase in 

Table 2 Diabetes medications at admission and hospital 
discharge

Men
n (%)

Women
n (%) P value

Diabetes medications at admission

  Insulin only 64 (53) 54 (54) 0.658

  Insulin+non- insulin agents 28 (23) 19 (19)

  Non- insulin agents only 25 (21) 26 (26)

  None 4 (3) 1 (1)

Diabetes medications at discharge

  Insulin only 79 (66) 57 (57) 0.444

  Insulin+non- insulin agents 23 (19) 22 (22)

  Non- insulin agents only 17 (14) 18 (18)

  None 1 (1) 3 (3)

Patients (%) with change in 
diabetes medications between 
admission and discharge

71 (59) 49 (49) 0.132

Table 3 Glycemic outcome measures 48 hours preceding 
hospital discharge*

Men Women P value

Nadir BG, mg/dL 117.8±47.6 120.7±41.6 0.525

Peak BG, mg/dL 294.8±81.6 299.3±110.7 0.846

Mean BG, mg/dL 196.5±51.4 197.1±52.6 0.977

SD, mg/dL 57.8±25.9 59.1±34.5 0.914

BG range, mg/dL 177.0±77.5 178.6±108.7 0.676

Percentage of 
participants with 
BG ≥1 mg/dL and 
<70 mg/dL

22 (18) 8 (8) 0.026

*Data presented as mean±SD.
BG, blood glucose.
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risk is greater in women when compared with the sex- 
matched population without diabetes.27–30 The absence 
of sex differences in the prevalence of diabetes- related 
macrovascular complications in this study is of interest, 
as these findings are consistent with prior publications 
demonstrating loss of the usual protective effect of 
female sex on risk of CVD observed in women without 
diabetes.5 28 29 31

Women are reported as being less likely to use or 
receive preventive medical care, which can be crucial in 
identifying and treating both microvascular and macro-
vascular complications.5 6 32 33 In one report, women diag-
nosed with diabetes in young adulthood were less likely 
to have access to annual eye and foot examinations.32 
These disparities are more pronounced among women 
from lower socioeconomic backgrounds, where delays 
in diagnosis and treatment can increase disease- specific 
morbidity and mortality.6 28 29 32

Patients with diabetes often experience hypoglycemia 
or hyperglycemia during periods of hospitalization, both 
of which are reported as being associated with risk of 
readmission.9 34 35 With the exception of more hypogly-
cemic events in men, glycemic measures were otherwise 
similar in the 48 hours preceding hospital discharge in 
this study. Hypoglycemia is a common complication of 
inpatient insulin therapy and can result in increased 
morbidity and mortality that extend beyond the hospi-
talization when these events occur.36 37 The reasons for 
the more frequent hypoglycemia in men versus women 
were not investigated; however, over 90% of men and 
women in this report received insulin therapy, as recom-
mended by current guidelines for inpatient glycemic 
management.38 39 Among the small percentage of 
patients receiving non- insulin therapy during hospitaliza-
tion, none of the men and only one woman experiencing 
hypoglycemia received an insulin secretagogue, another 

risk factor for inpatient hypoglycemia.40 The findings 
of sex differences in hypoglycemic events are consistent 
with an earlier prospective cohort study of 250 patients 
which found that male sex was an independent predictor 
of asymptomatic hypoglycemia in hospitalized patients 
with diabetes.41 The reasons for this sex difference in 
hypoglycemic events are not known.

The frequency of ER visits and hospital readmissions 
at 30 and 90 days following the index hospitalization was 
similar among men and women in the current study. 
Prior studies that retrospectively examined risk factors 
for hospital readmission using large databases have vari-
ably demonstrated similar, less, or more frequent read-
missions in women than in men.12 13 19 42 43 This variability 
is likely due in part to the type of database or study popu-
lation examined. In one study of 737 hospitalized adults 
examining sex alone as a risk for readmission, men expe-
rienced more 30- day postdischarge ER visits and readmis-
sions than women.42 However, the risk factors for these 
repeat visits differed between men and women. For men, 
social factors and depression were major predictors, 
while hospitalization in the preceding 6 months was the 
only identified factor for readmission among women. 
When examining the combination of sex and diabetes, 
there are less available data. In one study examining sex 
differences in healthcare expenditures, costs associated 
with ER visits and inpatient stays were equivalent between 
men and women.4

Changes in diabetes- related medications between time 
of admission and discharge are identified as a contrib-
utor to risk of hospital readmission in some but not all 
studies.44–46 In one study, women were more likely to have 
intensification of their diabetes regimen at the time of 
discharge.47 Another retrospective study of hospitalized 
patients with diabetes not on insulin prior to hospital-
ization showed no association with sex and medication 

Figure 2 Emergency room (ER) visits and hospital (hosp) readmissions according to sex. d, days.
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intensification at time of hospital discharge.44 In the 
current study, there were no sex differences in changes in 
diabetes medications between admission and discharge, 
with the most common medication change being an 
adjustment in dose or type of insulin.

There are several limitations to this observational 
study. One is that patients in this study were recruited 
from a single academic university hospital, limiting 
the ability to apply these findings to other hospital-
ized, non- critically ill patient populations with diabetes 
across the USA. Another is the small sample size when 
compared with studies conducted using large patient 
databases.12 18 19 43 This may have not allowed sufficient 
power to detect differences in outcomes that may in fact 
be present. An additional limitation is that information 
regarding social support at home that may have contrib-
uted to the higher percentage of women discharged 
to a skilled nursing facility was not obtained as part of 
this study. Finally, the population represented in this 
study was predominantly white. Although there were 
no race differences in readmission rates or ER visits, the 
percentage of non- white participants was small, which 
may have interfered with the ability to identify this as a 
potential contributor.

CONCLUSION
This study provides descriptive information regarding 
sex- based clinical and demographic characteristics 
among patients hospitalized with a secondary diagnosis 
of diabetes. Findings that were consistently observed 
between men and women included the presence of 
preadmission poor glycemic measures as defined by mean 
HbA1c values >8%, as well as poor glycemic outcomes 
during hospitalization with mean BG levels >180 mg/dL 
associated with a high level of glycemic variability. The 
frequency of ER visits and hospital readmissions at 30 
and 90 days was similar between men and women but 
exceeds what is reported in patient populations without 
diabetes.13 21 48 49 In summary, the risk of hospital readmis-
sion was high in both men and women in this study. The 
factors contributing to hospital readmissions may differ 
between the sexes. Further investigations into potentially 
remediable factors contributing to readmission risk are 
recommended.
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