





Figure 1 The selection process for eligible studies.

Library. We removed 461 duplicates. Further, 399 full-
text articles were assessed for eligibility. After excluding
353 records with insufficient or irrelevant data, 46 studies
were included into qualitative synthesis. We excluded five
studies enrolling mixed patients with type 1 diabetes and
patients with T2DM, three studies comparing depres-
sion between DM and non-DM patients, four studies
comparing the mean or median scores of depression ques-
tionnaire, four studies reporting the regression or correla-
tion coefficient, one study presenting a mixed outcome
of depression and anxiety, and two studies reporting a
mixed treatment regimen of insulin or oral drugs. Finally,
28 studies were included into the meta-analysis. The flow
diagram was shown in figure 1.

Study characteristics and quality assessment

Except for 1 prospective cohort study,” most of the 28
studies pooled in the meta-analysis were cross-sectional.
A worldwide distribution was displayed, including b5
US studies, 8 European studies, 10 Asian studies, 2 African
studies, 1 South-American study, and 1 study of a mixed

South-American and European population. The sample
size ranged from 90 to 229 047. The prevalence of depres-
sion ranged from 3.4% to 51.1%. Seven studies reported
both the adjusted and unadjusted ORs,17 2021 3235 fye
studies reported adjusted ORs,” **** and unadjusted ORs
were retrieved from 16 studies.'® >4 Descriptive data of
the included studies are summarised in table 1. In quality
assessment, all studies had low to moderate risk of bias,
with scores ranging from 6 to 8. The items least satisfied
were the control of confounding factors (12/28) and
the report of response rates or follow-up data (10/28),
(table 2).

Meta-analysis of adjusted data

The adjusted ORs for comparison of depression between
insulin-treated and non-insulin-treated patients were
reported by 12 studies. Compared with non-insulin treat-
ment, insulin therapy was associated with a significantly
higher risk of depression (OR=1.41, 95% CI 1.13 to 1.76,
p=0.003). Significantly high heterogeneity was revealed
(1°=69.7%, p<0.001) (figure 2).
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Study %
ID OR (95% ClI) Weight
Katon et al. (2004) -I— 1.22 (0.83,1.79) 9.60
Bell et al. (2005)a —i— : 0.67 (0.37,1.25) 6.73
Bell et al. (2005)b —— ' 0.50 (0.20, 1.30) 4.01
Noh et al. (2005) : —a— 4.38 (1.66, 11.60) 3.80
Pawaskar et al. (2007) + 0.88 (0.31,2.52) 3.41
Ali et al. (2009) —i— 1.53(1.17,2.00) 11.23
Raval et al. (2010) + 1.08 (0.60, 1.95) 6.95
Roy et al. (2012) —-I-:— 1.20 (0.80, 2.60) 6.95
Gorska-Ciebiada et al. (2014) : - 2.19(1.65,292) 11.00
Camara et al. (2015) —.— 1.53 (0.99, 2.37) 8.87
Sun et al. (2015) :+ 2.41(1.58,3.71) 9.01
WJ Zhang et al. (2015) + 1.93 (0.99, 3.82) 6.04
Jacob et al. (2016) , 1.16 (0.98, 1.38) 12.42
Overall (I-squared = 69.7%, p = 0.000) <> 1.41 (1.13, 1.76) 100.00
NOTE: Weights are from random effects analysis E

T T

.05

20

Figure 2 The pooled adjusted OR for the risk of depression in insulin-prescribed patients compared with those without insulin

therapy.

The results of the sensitivity analysis, which was done
by excluding studies one by one, might vary when several
included studies were excluded (online supplementary
figure S1). To identify the sources of heterogeneity, we
performed subgroup analyses based on several important
confounding factors. Six studies, in particular, compared
insulin with oral antidiabetic drugs and showed thatinsulin
therapy was significantly associated with increased risk
of depression (OR=1.42, 95% CI 1.08 to 1.86, p=0.008).
Two studies that compared insulin with non-drug therapy
showed no significant association for insulin and depres-
sion (OR=0.87, 95% CI 0.37 to 2.03, p=0.745). Addition-
ally, we conducted a subgroup analysis based on the
degree of adjustment of confounders, region, identifi-
cation of depression, sample size, mean age, percentage
male and NOS. The association was significant for the
subgroups of full adjustment (+++), Asian studies, self-re-
port questionnaires, sample size 21000, mean age <60.0
years, percentage male <50.0%, prevalence of depression
over 20% and NOS <6 (table 3). Meta-regression anal-
yses indicated a lack of effect measures modification by
sample size (p=0.93), mean age (p=0.17), percentage
male (p=0.28) or prevalence of depression (p=0.75).

Meta-analysis of unadjusted results

Twenty-four studies provided the crude data. All studies
were cross-sectional and assessed depression by self-re-
port scales. The studies presented three comparison
types (insulin vs non-drug therapy, insulin vs oral antidi-
abetic drugs, and insulin vs non-insulin treatment). Data
that compared insulin and non-insulin therapies were
preferred. The pooled results showed that patients with
T2DM on insulin therapy were associated with an increased

risk of depression compared with those on non-insulin
treatment (OR=1.59, 95%CI 1.41 to 1.80, p<0.001)
(figure 3). The heterogeneity was at a significantly higher
level (I°=59.8%, p<0.001). Sensitivity analysis revealed no
significant variation in the pooled OR by exclusion of any
included study (online supplementary figure S2).

Seventeen studies compared insulin with oral antidiabetic
drugs and showed a significant association for the risk of
depression (OR=1.61, 95% CI 1.35 to 1.93, p<0.001). For six
studies that compared insulin use with non-drug treatment,
insulin use was associated with an increased risk of depres-
sion (OR=1.89, 95% CI 1.25 to 2.88, p=0.002). In stratified
analyses based on the degree of adjustment of confounders,
region, identification of depression, sample size, mean
age, percentage male and NOS, there was a significant
association between insulin use and depression among all
subgroups except in the study conducted in South America
(table 4). In meta-regression analyses, sample size (p=0.79),
mean age (p=0.56), percentage male (p=0.80) and the
prevalence of depression (p=0.68) demonstrated no inde-
pendent effect on the depression outcomes.

Publication bias

For studies reporting adjusted ORs, the funnel plot was
symmetrical (figure 4). No publication bias was shown by
Egger's test (p=0.94) or Begg’s test (p=0.67). For studies
presenting crude ORs, the funnel plot was symmet-
rical (figure 5). We did not detect publication bias by
Egger's test (p=0.39) or Begg's test (p=0.94).

DISCUSSION
This is the first meta-analysis that estimated the magnitude
of association between insulin therapy and depression.
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Table 3 Subgroup analyses for studies reporting adjusted effect estimates

P value for
P value for between-
No. of within-stratum stratum
Subgroups studies OR (95% Cl) P value 12 heterogeneity heterogeneity
Compared groups
Insulin versus oral drugs 6 1.42 (1.08 to 1.86) <0.05 71.3% <0.05 0.28
Insulin versus non-drugs 2 0.87 (0.37 t0 2.03) >0.05 66.5% 0.08
Degree of adjustment
+++ 10 1.43 (1.08 to 1.89) <0.05 68.9% <0.05 0.44
++ 2 1.24 (0.98 to 1.55) >0.05 25.3% 0.25
Region
USA 4 0.86 (0.57 to 1.31) >0.05 36.4% 0.19 0.12
Asia 5 1.81 (1.18 t0 2.79) <0.05 59% 0.05
Europe 2 1.58 (0.85 t0 2.94) >0.05 92.9% <0.05
Africa 1 1.53 (0.99 to 2.37) >0.05 - -
Identification of depression
Self-report questionnaire 10 1.42 (1.06 to 1.91) <0.05 68.9% <0.05 0.69
Medical records 2 1.31 (1.00 to 1.71) >0.05 65.6% 0.09
Sample size
>1000 4 1.46 (1.10 to 1.94) <0.05 73.1% <0.05 0.72
<1000 8 1.34 (0.93 to 1.93) >0.05 70% <0.05
Mean age, years
>60.0 5 1.12 (0.77 to 1.62) >0.05 78.8% <0.05 0.08
<60.0 6 1.74 (1.24 to 2.43) <0.05 50.8% 0.07
Percentage male (%)
>50.0 7 1.26 (0.97 to 1.63) >0.05 62.4% <0.05 0.14
<50.0 5 1.71 (1.25 to 2.35) <0.05 53.9% 0.07
Prevalence of depression
>20% 1.48 (1.12 to 1.96) <0.05 71.3% <0.05 0.53
<20% 1.25 (0.80 to 1.95) >0.05 72.7% <0.05
NOS
7o0r8 8 1.25 (0.94 to 1.66) >0.05 60.0% <0.05 0.19
<7 4 1.79 (1.14 to 2.80) <0.05 84.6% <0.05

NOS, Newcastle-Ottawa Scale.

The pooled data of adjusted ORs proved that patients
with T2DM on insulin treatment were associated with the
prevalence of depressive syndromes compared with those
without insulin therapy. When pooling the crude ORs,
the results showed a permanent and significant associa-
tion. We specifically compared insulin use with oral anti-
diabetic drugs. The adjusted (OR=1.42) and unadjusted
data (OR=1.61) showed that insulin users were associated
to a greater risk of depression.

The source of heterogeneity was explored carefully.
In sensitivity analysis, no substantial change in heteroge-
neity was revealed when excluding any individual study,
suggesting homogeneity of the pooled effect estimates.
The prevalence of depression could differ based on
different ethnicities.”® In subgroup analyses of adjusted

data, we found significantresults for Asian studies. Non-sig-
nificant results were shown for studies with a sample size
below 1000, suggesting that the results were unstable for
a small sample size. Substantial change of heterogeneity
was also detected for subgroups of insufficient degree of
adjustment and depression identified by medical records.
However, the number of eligible studies was rather small
to draw firm conclusions. For studies with a prevalence of
depression below 20%, substantial change in the effect
estimates was observed for adjusted data, and obvious
change in heterogeneity for crude data. Thus, this may
partly account for the heterogeneity. Finally, significant
association was detected if the mean age was <60.0 years,
percentage male <50.0% and NOS <7 for adjusted data.
This might be because younger patients were associated

Bai X, et al. BMJ Open 2018;8:€020062. doi:10.1136/bmjopen-2017-020062
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Study
ID

Katon et al. (2004)

Bell et al. (2005)

Noh et al. (2005)
Hermanns et al. (2006)
Li et al. (2008)

Ali et al. (2009)

%
OR (95% ClI) Weight
- 1.89(1.61,2.21) 857
— 0.88 (0.55, 1.40) 4.15
—_— 2.46(1.27,476) 262
—— 1.58(0.90,2.77) 3.29

1.51(1.38,1.65) 9.49

Zuberi et al. (2011)

Stankovic et al. (2011) —

Lynch et al. (2012)

=

- 172(1.39,2.12) 7.75
: 1.24(0.47,3.25) 1.41
1.30 (0.56,3.02) 1.77
1.90 (0.94,3.82) 239

Osme etal. (2012) —_—— 1.28 (0.50,3.27) 1.49
Trento et al. (2012) — e 0.92 (0.55, 1.56) 3.58
Joseph et al. (2013) | — 3.24(1.87,562) 3.37
Hayashino et al. (2014) —a 1.81(1.26,2.60) 5.38
Gorska-Ciebiada et al. (2014) —— 2.04(1.30,3.19) 432
Sweileh etal. (2014) - 1.25(0.79,2.00) 4.14
Sun et al. (2015) —a— 1.91(1.45,251) 6.71
YY Zhang et al. (2015) —- 0.75(0.51, 1.10) 5.07
Rodriguez Calvin et al. (2015) | — 3.91(1.64,9.33) 1.69
Camara et al. (2015) —— 1.80 (1.20,2.69) 4.85
WJ Zhang et al. (2015) —— 1.12(0.75,1.68) 4.82

Luca et al. (2015)

Kikuchi et al. (2015)

Cols-Sagarra et al. (2016)

Habtewold et al. (2016)

Overall (I-squared =59.8%, p = 0.000)

NOTE: Weights are from random effects analysis

i 1.89(0.91,3.94) 2.21

1.98 (1.58,2.48) 7.50
0.98 (0.39,2.44) 155
— 1.65(0.74,3.71) 1.90

o 159 (1.41,1.80) 100.00
1
1

.05

20

Figure 3 The pooled crude OR for the risk of depression in insulin-prescribed patients compared with those without insulin

therapy.

with a higher prevalence of depression, and women
receiving insulin therapy might be under greater risk of
depression compared with men.

The mechanisms that link diabetes and depression
were complex and are still unclear. Depression and
T2DM could develop in parallel through shared biolog-
ical processes. The involved pathways include the innate
inflammatory response, the hypothalamic-pituitary-ad-
renal axis, circadian rhythms and insulin resistance.
Although the overall prevalence of depression is high
in patients with diabetes, the Diabetes Education and
Self Management for Ongoing and Newly Diagnosed
(DESMOND) Trial reported that it was not so in patients
with newly diagnosed T2DM.”® Screen-detected patients
with T2DM showed low distress and anxiety at the time of
diagnosis, with a si_%niﬁcant increase during the 12-month
follow-up period.”” In accordance with these findings,
we confirmed that insulin therapy was associated with
increased prevalence of depression. Patients on insulin
therapy had less endogenous insulin and were therefore
more susceptible to metabolic dysregulation than patients
who might have some residual insulin secretory activity.
Especially, patients who are more metabolically labile are
more vulnerable to depression.'® Besides, insulin therapy
is always a symbol of more advanced T2DM. The nega-
tive attitude of patients towards insulin therapy may
contribute to the delay in insulin initiation, prolonged
duration of hyperglycaemia and increased risk of diabetic

complications.” Psychological insulin resistance has been
defined as psychological opposition towards insulin treat-
ment in both patients with diabetes and their prescribers.
They may display fear of insulin injection and self-testing,
complex regimen, hypoglycaemia and weight gain; a
perceived loss of control over one’s life; poor self-effi-
cacy concerning insulin treatment; and lack of positive
outcomes related to insulin.”** These psychological
aspects may explain the increased risk of depression when
insulin was prescribed.

The primary strength of this study was the systematic
and expansive search of multiple databases, which mini-
mised the risk of missing data. The meta-analysis iden-
tified 28 studies that enrolled participants distributed
worldwide. Both the adjusted and crude effect estimates
were analysed and demonstrated consistent results. The
CIs were narrow, suggesting the precision of pooled
results.®' For adjusted data, most of the studies had full
adjustment for confounders. The subtypes of non-insulin
therapy, including oral drug and non-drug treatment,
were analysed separately. The between-study heteroge-
neity was intensively explored by sensitivity, subgroup and
meta-regression analyses. Besides, no publication bias was
detected among the selected studies.

We were aware of the limitations of this meta-analysis.
Our findings mainly relied on cross-sectional data, and
as such, the causal and temporal relationship between
insulin use and depression could not be established.
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Table 4 Subgroup analyses for studies reporting crude effect estimates

P value for
P value for between-
No. of within-stratum  stratum
Subgroups studies OR (95% Cl) P value 12 (p value) heterogeneity heterogeneity
Compared groups
Insulin versus oral drugs 17 1.61 (1.35t0 1.93) <0.05 62.6% <0.05 0.49
Insulin versus non- 6 1.89 (1.25 t0 2.88) <0.05 68.2% <0.05
drugs
Region
USA 4 1.53 (1.21 to 1.93) <0.05 75.4% <0.05 0.31
Asia 9 1.60 (1.22 to 2.10) <0.05 75.4% 0.05
Europe 7 1.59 (1.13 t0 2.22) <0.05 45.3% <0.05
Africa 2 1.77 (1.23 to 2.54) <0.05 0.0 0.85
South America 1 1.28 (0.50 to 3.27) >0.05 - -
Sample size
>1000 1.64 (1.39 to 1.93) <0.05 77.5% <0.05 0.71
<1000 17 1.56 (1.27 to 1.91) <0.05 46.7% <0.05
Mean age
>60.0 10 1.60 (1.30 to 1.97) <0.05 61.8% <0.05 0.92
<60.0 10 1.57 (1.18 to 2.09) <0.05 68.0% <0.05
Percentage male (%)
>50.0 13 1.59 (1.29 to 1.96) <0.05 75.1% <0.05 0.82
<50.0 11 1.55 (1.43 to 1.68) <0.05 0.0 0.71
Prevalence of depression
>20% 14 1.84 (1.59 to 2.12) <0.05 11.7% 0.33 <0.05
<20% 10 1.43 (1.19to 1.70) <0.05 74.0% <0.05
Newcastle-Ottawa Scale
7or8 11 1.45(1.16 to 1.82) <0.05 72.3% <0.05 0.22
<7 13 1.72 (1.47 to 2.00) <0.05 42.8% 0.05
Some studies have a small sample size, which may influ-  respondents and non-respondents may potentially

ence the statistical power. Several studies have reported
the response rates. The unmeasured differences between
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Figure 4 The funnel plot for studies reporting adjusted

ORs. s.e. of Inrr, standard error of Inrr.

influence the pooled results. Most of the studies used
self-reported scales rather than clinical interview-based

s.e. of Inrr
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Figure 5 The funnel plot for studies presenting crude ORs.

Bai X, et al. BMJ Open 2018;8:€020062. doi:10.1136/bmjopen-2017-020062

11

"ybuAdoo Aq paroslold 1sanb Aq zz0z ‘8z Al uo ywod fwg uadolway/:dny wouy papeojumoq '8T0Z J9qWSBAON 8Z U0 290020-2T02-uadolwa/oeTT 0T Se paysignd isii :uado rINg


http://bmjopen.bmj.com/

assessments to identify depression. Prevalence of depres-
sion was generally much higher using the self-reported
scales than standardised diagnostic interviews.**® Further-
more, the findings of insulin therapy versus specific oral
drugs and the prevalence of depression were not illus-
trated due to inclusion of less number of studies in each
subset. Moreover, background oral antidiabetic drug uses
in the insulin group might affect the association of insulin
use with the risk of depressive syndromes, although this
information was not available in most of the included
studies. In addition, although subgroup analyses based
on several factors were conducted, substantial residual
heterogeneity was observed in numerous subsets. These
results were restricted due to uncontrolled baseline char-
acteristics of included patients and studies. Finally, the
impact of the total number of daily insulin injections
with depression development was included only in a few
studies, and these presented as potential confounders in
patients who received insulin therapy and with progres-
sion of depression.

CONCLUSIONS

In conclusion, patients with T2DM who were prescribed
insulin were associated with depressive syndromes. For
insulin users, careful monitoring of depressive symptoms
should be incorporated in the management of the disease.
Intensified psychological and education programmes
should be carried out to prevent depressive illness after
insulin initiation in primary care settings.
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