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The first Wednesday of August is the day of changeover of
trainee doctors in England. It is widely perceived that inex-
perience and nonfamiliarity with the new hospital systems
and policies in these first few weeks lead to increased medi-
cal errors, mismanagement, and mortality. The aim of this
study was to analyze the impact of the August changeover
of trainee doctors on inpatient glycemic control in a single
English hospital. This is currently unknown in England.
Overall, 16,870 patient-day capillary glucose reading meas-
ures in 2730 inpatients with diabetes were analyzed for 4

weeks before and after the changeover period for the years
2012, 2013, and 2014. Only inpatients hospitalized for lon-
ger than 1 day were included. Contrary to expectations,
inpatient glycemic control did not worsen in the first 4
weeks after changeover compared to the preceding 4
weeks before changeover in the 3-year period. This may be
due to forethought and planning by the deanery foundation
school and the inpatient diabetes team in this hospital.
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In England, the day when trainee doctors start work
for the first time in their careers or rotate to a differ-
ent hospital is the first Wednesday of August. This is
often referred to as the “Black Wednesday” in the
National Health Service (NHS), as it is widely per-
ceived that inexperience and nonfamiliarity with the
new hospital systems and policies in these first few
weeks lead to increased medical errors and misman-
agement and may therefore cost lives.1 However,
there is very little evidence in favor of this widely held
view in the NHS. A 2009 English study found a small
but significant increase of 6% in the odds of death for
inpatients admitted in the week following the first
Wednesday in August than in the week following the
last Wednesday in July, whereas a previous report did
not support this.2,3 In the United States, the resident
trainee doctor’s changeover occurs in July, and its
negative impact on patient outcomes is often dubbed
the “July phenomenon.”4 With conflicting reports of
the July phenomenon on patient outcomes,5–7 Young
et al. systematically reviewed 39 studies and con-
cluded that the July phenomenon exists in that there
is increased mortality around the changeover period.4

It can be hypothesized that glycemic control in inpa-
tients with diabetes would be worse in the immediate
period following changeover of trainee doctors for the

same reasons mentioned earlier that impact mortality.
However, contrary to expectations, a recent single-
hospital study from the United States reported that
changeover of resident trainee doctors did not worsen
inpatient glycemic control.8 Although the lack of confi-
dence among trainee doctors in inpatient diabetes man-
agement has been clearly demonstrated in England,9

the impact of August changeover of trainee doctors on
inpatient glycemic control is unknown. The aim of this
study was to determine whether the August changeover
of trainee doctors impacted on glycemic control in
inpatients with diabetes in a single English hospital.

MATERIAL AND METHODS
The study setting was a medium-sized 550-bed hospital
in England that serves a population of approximately
360,000 residents. Capillary blood glucose (CBG) read-
ings for adult inpatients across all wards were down-
loaded from the Precision Web Point-of-Care Data
Management System (Abbott Diabetes Care Inc., Ala-
meda, CA), an electronic database where all the CBG
readings for inpatients are stored. Patient administra-
tion data were used to identify those with diabetes
admitted to the hospital for at least 1 day, and only
their CBG readings were included in this study. Gluco-
metrics, a term coined by Goldberg et al., refers to
standardized glucose performance metrics to assess the
quality of inpatient glycemic control.10 In this study,
patient-day glucometric measures were used, as they
are considered the best indicator of inpatient glycemic
control compared to other glucometrics.10 Patient-day
glucometrics were analyzed for 4 weeks before and
after Black Wednesday for the years 2012, 2013, and
2014 using Microsoft Excel 2007 (Microsoft Corp.,
Redmond, WA) and R version 3.1.0 (The R Founda-
tion, Vienna, Austria). Patient-day glucometrics ana-
lyzed were hypoglycemia (any CBG �2.2 mmol/L
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[40 mg/dL], any CBG �2.9 mmol/L [52 mg/dL], any
CBG �3.9 mmol/L [72 mg/dL]), normoglycemia (mean
CBGs between 4 and 12 mmol/L [73-216 mg/dL]),
hyperglycemia (any CBG �12.1 mmol/L [218 mg/dL]),
and mean CBG. Proportions were compared using the
z test, whereas sample means between the groups were
compared by nonparametric Mann-Whitney U tests, as
per statistical literature.11 All P values are 2-tailed, and
<0.05 was considered statistically significant.

Patient characteristics and healthcare professional’s
workload were identified as potential causes of varia-
tion in CBG readings. Regression analysis of covari-
ance was used to identify and adjust for these factors
when comparing mean glucose readings. Binomial
logistic regression was used to adjust proportions of
patients-days with readings out of range and patient-
days with mean readings within range. Variables
tested were length of stay as a proxy for severity of
condition, number of patients whose CBG were meas-
ured in the hospital in a day as a proxy for the health-
care professional’s workload, and location of the
patient to account for variation in patient characteris-
tics as the wards were specialty based. Goodness of fit
was tested using the R2 value in the linear model,
which indicates the proportion of outcome that is
explained by the model. For binomial models, McFad-
den’s pseudo R2 (pseudo-R2

McFadden) was used as
advised for logistic models. McFadden’s pseudo-R2

ranges from 0 to 1, but unlike R2 in ordinary linear
regression, values tend to be significantly lower:
McFadden’s pseudo R2 values between 0.2 and 0.4
indicate excellent fit.12

RESULTS
A total of 16,870 patient-day CBG measures in 2730
inpatients with diabetes were analyzed. The results of

all regressions are presented in Table 1. The coeffi-
cients in the first model represent the effect of each
covariate on mean patient-day CBG. For example,
each extra day of hospitalization was associated with
a 0.02 mmol/L (0.36 mg/dL) increase in mean patient-
day reading, ceteris paribus. The remaining models
indicate the change in relative risk (in this case the
proportion of patient-days) associated with the covari-
ates. For example, in patients who were hospitalized
for 3 days, the proportion of patient-days with at least
1 CBG greater than 12 mmol/L (216 mg/dL) was 1.01
times the comparable proportion of patients who
were hospitalized for 2 days. Each additional day in
the hospital significantly increased the mean CBG by
0.015 mmol/L (0.27 mg/dL) and increased the risk of
having at least 1 reading below 3.9 mmol/L (72 mg/
dL) or above 12 mmol/L (216 mg/dL). Monitoring
more patients in a day also affected outcomes,
although the effect was small. Each additional patient
monitored reduced mean patient-day CBG by 0.011
mmol/L (0.198 mg/dL) and increased the proportion
of patients with at least 1 reading below 4 mmol/L
(72 mg/dL) 1.01 times. Location of the patient also
significantly affected CBG readings. This could have
been due to either ward or patient characteristics, but
lack of data on each ward’s healthcare personnel and
individual patient characteristics prevented further
analysis of this effect, and therefore the results were
used for adjustment only. All models have relatively
low predictive power, as demonstrated by the low R2

and pseudo-R2
McFadden values. In the linear model that

estimated the effect of covariates on mean patient-day
CBG, the R2 is 0.0270, indicating that only 2.70% of
results were explained by the covariates in the model.
The pseudo-R2

McFadden varied between 0.0146 and
0.0540, as presented in Table 1. Although the pseudo-

TABLE 1. Effect of Three Covariates on Blood Glucose Levels

Covariate

Outcome

Change in Mean

CBG for Each

Patient-Day,

mmol/L (mg/dL)

Change in % of

Patient-Days With

Any CBG �2.2 mmol/L

(40 mg/dL)

Change in % of

Patient-Days With

Any CBG �2.9 mmol/L

(52 mg/dL)

Change in % of

Patient-Days With

Any CBG �3.9 mmol/L

(72 mg/dL)

Change in % of

Patient-Days With

Mean CBG Between

4 and 12 mmol/L

(73–216 mg/dL)

Change in % of

Patient-Days With

Any CBG >12 mmol/L

(218 mg/dL)

Additional day in
the hospital

0.015 (0.27), P < 0.001* 1.00, P 5 0.605 1.00, P 5 0.986 1.005, P 5 0.004y 0.99, P < 0.001* 1.01, P < 0.001*

Additional patients
monitored

20.011 (0.198), P < 0.001* 1.01, P 5 0.132 1.01, P 5 0.084 1.01, P 5 0.021z 1.00, P 5 0.128 0.997, P 5 0.011z

Ward (range) 0.59–13.68
(10.62–246.24)

0.37–22.71 0–3.62 0–3.10 0–47,124.14 0–4,094,900

R2/pseudo-R2McFadden 0.0247 0.0503 0.0363 0.0270 0.0140 0.0243

Each column presents results for 1 outcome (model). Coefficients for mean patient-day glucose (model 1) represent the unit change in mean patient-day glucose associated with the corresponding covariate. Negative values indi-
cate a reduction in mean patient-day CBG, and vice versa. The remaining 5 outcomes indicate the factor change in relative risk, in this case proportion of patient-days, associated with the corresponding covariate. Values between
0 and 1 indicate a reduction in relative risk, whereas values greater than 1 indicate increased relative risk. Additional days in the hospital are the effect of each additional day of hospitalization on outcomes. For example, in patients
who stay in the hospital for a total of 5 days, the proportion of patient-days with at least 1 reading over 12 mmol/L (218 mg/dL) is 1.04 (1.014) times the proportion of patients who stay in the hospital for 1 day only. Similarly, additional
patients monitored indicate the effect of monitoring each additional patient in the hospital on the day the patient-day reading was calculated. “Ward” represents the effect of staying on a particular ward. There were 31 wards in
total where at least 1 patient was monitored during the study. Figures represent the range—minimum and maximum change—in outcome associated with any ward, in comparison to the baseline ward, which was chosen at
random and kept constant for all 6 models. Goodness of fit for the first linear model was estimated using R2. Goodness of fit for the remaining 5 logistic models was calculated using R2

McFadden. See text for interpretation.
Abbreviations: CBG, capillary blood glucose. *Very highly significant. yHighly significant. zSignificant.
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R2
McFadden generally had lower values than the R2 for

the linear models, values of 0.0540 and below are
considered to be relatively low.12

Table 2 summarizes outcomes for the 3 years indi-
vidually. The results suggest that all indices of inpa-
tient glycemic control that were analyzed—
hypoglycemia, normoglycemia, hyperglycemia, and
mean CBG—did not worsen in August compared to
July that year. The results are presented after adjust-
ment for variation in the length of stay, number of
patients monitored in a day, and location of the
patient. Their effect on the difference in proportions
of patients with at least 1 reading out of range and
mean reading within range were not statistically sig-
nificant. However, their effect on mean patient-day
CBG measures was statistically significant, although
the effect was only a small decrease (0.4 mmol/L or
7.2 mg/dL) in the mean CBG (see Supporting Table 1
in the online version of this article for unadjusted
readings).

DISCUSSION
This study shows that contrary to expectation, inpa-
tient glycemic control did not worsen in the 4 weeks
following the August changeover of trainee doctors
for the years 2012, 2013, and 2014. In fact, inpatient
glycemic control was marginally better in the first 4
weeks after changeover each year compared to the
preceding 4 weeks before changeover. There may be
several reasons for the findings in this study. First,
since 2010 in this hospital and since 2012 nationally
(further to direction from NHS England Medical
Director Sir Bruce Keogh), it has become established
practice that newly qualified trainee doctors shadow
their colleagues at work a week prior to Black

Wednesday.13,14 The purpose of this practice, called
the “preparation for professional practice” is to
familiarize trainee doctors with the hospital protocols
and systems, improve their confidence, and potentially
reduce medical errors when starting work. Second,
since 2012, this hospital has also implemented the
Joint British Diabetes Societies’ national guidelines in
managing inpatients with diabetes.15 These guidelines
are widely publicized on the changeover day during
the trainee doctor’s induction program. Finally, since
2012, a diabetes-specific interactive 1-hour educa-
tional program for trainee doctors devised by this hos-
pital was implemented during the changeover period,
which takes them through practical and problem-
solving case scenarios related to inpatient glycemic
management, in particular prevention of hypoglycemia
and hospital-acquired diabetic ketoacidosis.16 Attend-
ance was mandatory, and informal feedback from
trainee doctors about the educational program was
extremely positive.

There are several limitations in this study. It could
be argued that trainee doctors have very little impact
on glycemic control in inpatients with diabetes. In
NHS hospitals, trainee doctors are often the first port
of call for managing glycemic issues in inpatients both
in and out of hours, who in turn may or may not call
the inpatient diabetes team wherever available. There-
fore, trainee doctors’ impact on glycemic control in
inpatients with diabetes cannot be understated. How-
ever, it is acknowledged that in this study, a number
of other factors that influence inpatient glycemic con-
trol, such as individual patient characteristics, medica-
tion errors, and the knowledge and confidence levels
of individual trainee doctors, were not accounted for.
Nevertheless, such factors are unlikely to have been

TABLE 2. Adjusted Patient-Day Glucometric Data for Four Weeks Before and After the August Changeover for the
Years 2012, 2013, and 2014

2012 2013 2014

Before

Changeover

After

Changeover

Before

Changeover

After

Changeover

Before

Changeover

After

Changeover

No. of inpatients with diabetes whose CBG readings were analyzed 470 482 464 427 440 447
No. of patient-day CBG readings analyzed 2917 3159 3097 2588 2484 2625
Mean no. of CBG readings per patient-day (range) 2.5 (1–27) 2.5 (1–23), P 5 0.676 2.6 (1–21) 2.4 (1–18), P 5 0.009* 2.5 (1–20) 2.4 (1–20), P 5 0.028y
Mean no. of CBG readings per patient-day (range) in those where at least

1 reading was CBG �3.9 mmol/L (72 mg/dL) or CBG
�12.1 mmol/L (218 mg/dL)

3.8 (1–27) 3.8 (1–23) 3.7 (1–21) 3.5 (1–18) 3.2 (1–20) 3.5 (1–20)

Mean no. of CBG readings per patient-day (range) in those where
all CBG readings were between 4 and 12 mmol/L (73–216mg/dL)

1.8 (1–27) 1.8 (1–12) 1.8 (1–12) 1.8 (1–17) 1.7 (1–11) 1.7 (1–15)

% of patient-days with any CBG �2.2 mmol/L (40 mg/dL) 0.99% 1.09%, P 5 0.703 1.03% 0.88%, P 5 0.544 0.84% 0.87%, P 5 0.927
% of patient-days with any CBG �2.9 mmol/L (52 mg/dL) 2.53% 2.68%, P 5 0.708 2.63% 1.35%, P 5 0.490 2.24% 2.31%, P 5 0.874
% of patient-days with any CBG �3.9 mmol/L (72 mg/dL) 7.25% 7.42%, P 5 0.792 7.56 % 6.93%, P 5 0.361 6.55% 6.70%, P 5 0.858
% of patient-days with mean CBG between 4 and 12 mmol/L

(73–216 mg/dL)
79.10% 79.89%, P 5 0.446 78.69% 78.58%, P 5 0.924 78.65% 78.61%, P 5 0.973

% of patient-days with any CBG �12.1 mmol/L (218 mg/dL) 32.32% 31.40%, P 5 0.443 32.29% 32.88%, P 5 0.634 32.78% 32.66%, P 5 0.928
Median of mean CBG for each patient-day in mmol/L (mg/dL) 8.0 (144.6) 7.8 (140.0) 8.4 (151.5) 8.3 (150.2) 8.9 (159.8) 8.8 (157.8)
Mean of mean CBG for each patient-day in mmol/L (standard deviation) 9.1 (4.0) 8.8 (4.1), P 5 0.0331 9.4 (4.1) 9.2 (4.0), P 5 0.075 9.8 (4.1) 9.6 (3.8), P 5 0.189

NOTE: Abbreviations: CBG, capillary blood glucose. *Highly significant. ySignificant.

Rajendran et al | Changeover of Trainee Doctors

208 An Official Publication of the Society of Hospital Medicine Journal of Hospital Medicine Vol 11 | No 3 | March 2016



significantly different over the 3-year period. A further
limitation was the unavailability of hospital-wide elec-
tronic CBG data prior to 2012 to determine whether
changeover impacted on inpatient glycemic control
prior to this period. Another limitation was the
dependence on patient administration data to identify
those with diabetes, as it is well recognized that coded
data in hospital data management systems can be
inaccurate, though this has significantly improved
over the years.17 Finally, the most important limita-
tion is that this is a single-hospital study, and so the
results may not be applicable to other English hospi-
tals. Nevertheless, the finding of this study is similar
to the finding in the single-hospital study from the
United States.8

The finding that glycemic control in inpatients with
diabetes did not worsen in the 4 weeks following
changeover of trainee doctors compared to the 4
weeks before changeover each year suggests that
appropriate forethought and planning by the deanery
foundation school and the inpatient diabetes team has
prevented the anticipated deterioration of glycemic
control during the August changeover of trainee doc-
tors in this English hospital.
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